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PREFACE 1 

The State of Washington Draft Forest Practices Habitat Conservation Plan (FPHCP), dated 2 
December 2004, and the associated Draft Environmental Impact Statement (DEIS), dated 3 
January 2005, were made available for a 90-day public comment period on February 11, 4 
2005 (U.S. Federal Register, Vol. 70, No. 28, February 11, 2005, pages 7245-7247).  In 5 
addition to the Federal Register announcement, comments were also solicited via:  1) a 6 
news release sent to news agencies and various Federal, State, tribal and local jurisdictions, 7 
and 2) a letter along with the Draft FPHCP and DEIS mailed directly to individuals and 8 
organizations included on the DEIS Distribution List (DEIS Chapter 7). 9 

Eight public meetings were held during the public comment period to provide an 10 
opportunity for interested parties to talk with project staff, ask questions, and submit 11 
comments.  Representatives of USFWS, NMFS, and DNR were available to discuss the 12 
DEIS and answer questions.  The following is a list of the locations and dates of those 13 
meetings: 14 

• Red Lion Hotel March 28, 2005 15 

Port Angeles, Washington 16 

• Squalicum Boat House March 29, 2005 17 

Bellingham, Washington 18 

• Sheraton Hotel March 30, 2005 19 

Seattle, Washington 20 

• Red Lion Hotel April 4, 2005 21 

Kelso, Washington 22 

• Gwinwood Christian Conference Grounds  April 5, 2005 23 

and Westwood Retreat Center 24 

Olympia, Washington 25 

• Red Lion Yakima Center April 6, 2005 26 

Yakima, Washington 27 

• Double Tree Hotel April 12, 2005 28 

Spokane, Washington 29 

• Ag and Trade Center April 13, 2005 30 

Colville, Washington 31 

Following the public comment period, a Final Environmental Impact Statement (FEIS) was 32 
prepared.  The FEIS is presented in two volumes.  Volume I is an edited version of the 33 
DEIS; deleted text is shown in strikethrough, and new text is shown in underline (or as 34 
otherwise noted).  Volume II details the public comments and the Services’ responses to 35 
public comments.  Tables P-1 and P-2 list key changes that were made to the Draft FPHCP 36 
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and DEIS.  These tables do not identify all changes made; they only describe the changes 1 
in wording that affect content, intent, or explanations of commitments contained in the 2 
documents. 3 

Table P-1 contains the major changes made to the Draft FPHCP since the document was 4 
released for public comment in February 2005.  Numerous changes were made primarily 5 
for editorial reasons or purposes of clarification; such changes were not included in the 6 
table.  The location of text, table, or figure modifications is denoted by the subsection and 7 
page number where the text appeared in the Draft FPHCP released for public comment. 8 

Table P-2 contains the major changes made to the DEIS.  Changes made for editorial 9 
reasons or purposes of clarification were not included in this table.  The location of text, 10 
table, or figure modifications is denoted by the subsection where the text appears in the 11 
FEIS. 12 

Environmentally Preferred Alternative 13 

The Services have identified Alternative 2 as the environmentally preferred alternative 14 
because it provides the most long-term protection and conservation for riparian and aquatic 15 
habitat for covered species.  Under Alternative 2, riparian and aquatic habitat conservation 16 
measures are substantially improved as compared to Alternative 1 (No Action) Scenario 2.  17 
The Services expect the Adaptive Management Program under Alternative 2 to have the 18 
most participation by Forests and Fish stakeholders as compared with all other alternatives.  19 
The Services also expect the Adaptive Management Program to receive the most State and 20 
other funding under Alternative 2 as compared with all other alternatives.  Further, the 21 
Services expect that under Alternative 2 landowners would be less likely to convert their 22 
forestlands to other, non-forestry uses that would take those lands out of the FPHCP 23 
covered land base as compared to Alternative 1 (No Action) Scenario 1, Alternative 3, and 24 
Alternative 4.  For all of these reasons, the Services have determined that Alternative 2 is 25 
the environmentally preferred alternative. 26 

 27 
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 1 

Table P-1. Major Changes Made to the Draft FPHCP. 
Final FPHCP 

Subsection 
Page # in the 
Final FPHCP 

Summary of Major Changes Made to the draft FPHCP that 
appear in the final FPHCP 

FPHCP Throughout The number of acres that the FPHCP covers was refined from 9.1 
million aces to 9.3 million acres.  GIS analysis for the draft missed 
approximately 228,000 aces of state land on the east side.  

FPHCP Throughout Appendix B reference was changed to Appendix N. Appendix N is a 
new appendix for Schedule L-1  

Executive 
Summary – The 
Forest Practices 

Habitat 
Conservation 

Plan 

iv Clarification made that landowners are not legally required to 
participate in the non-regulatory, collaborative elements of the Forest 
Practices program.  

Executive 
Summary – 
Alterative 3 

vii Updated information about the No Surprises rule in reason #4.  

Section 1-2.3 
Funding 

7 Information about Forest Practices program funding was added, 
including federal and state funding and in-kind contributions from 
stakeholders.  

Section 1-2.3 
Funding 

8 Figure 1.1 added: “Appropriations for Forests and Fish 1999-2005.”  

Section 1-2.4 10 An updated description of the No Surprises rule as it relates to the 
FPHCP, the Permits, and the Implementation Agreement was added. 
The history of No Surprises rule was removed.  

Section 1-2.5 10-13 A more detailed description of changed circumstances was added - 
including natural events such as wildfire, winds, floods, disease/pest 
outbreaks or listing of new species.  

Section 1-4 15, 16 A new subsection was added that more specifically describes non-
covered activities and lands.  

Section 1-5 17 Footnote #2was added, clarifying the types of lands that are shown in 
Figure 1.2.  

Section 1-5 19 Footnote #3was added, clarifying the types of lands that are shown in 
Figure 1.3.  

Section 1-5 20 Minor adjustment to several figures in Table 1.2.  
Section 2-1 46 Discussion was included on the reasons why watershed analysis may 

have been a prohibitive process for some landowners and that many of 
the issues addressed in watershed analysis were important components 
of FFR. Correction was made to the number of completed watershed 
analyses statewide.  

Section 2-1 47 Corrections made to the figures from the 1988-1991 DNR rate of 
harvest study.  

Section 2-1 47 Information was added about the 1991-1993 DNR rate of harvest 
study.  

Section 2-1 47 Updates on the protection of Northern Spotted Owls were added.  
Section 2-1 51 Update on RMAP rules for small forest landowners based on FPB 

action in August 2005 was added.  
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Table P-1. Major Changes Made to the Draft FPHCP. 
Final FPHCP 

Subsection 
Page # in the 
Final FPHCP 

Summary of Major Changes Made to the draft FPHCP that 
appear in the final FPHCP 

Section 2-1 52 Updates about the cultural resource watershed analysis module and 
rule package and the Cultural Resources Protection and Management 
Plan were added.  

Section 2-3.6 67 Update on Washington’s Water Quality Management Plan to Control 
Nonpoint Source Pollution (Nonpoint Plan) was added.  

Section 2-3.6 69, 70 Update on the annual report of accomplishments in implementing the 
Nonpoint Plan was added.  

Section 2-3.9 72 Added a new section describing WDFW’s Hydraulic Project Approval 
(HPA) process and its relationship with the Forest Practices program. 
An update on the integration of the forest practices permitting process 
with the HPA process was also added.  

Section 4a-1.3 144 Update on the integration of the forest practices permitting process 
with the HPA process was added.  

Section 4a-3.1 160-166 The section describing DNR’s compliance monitoring program was 
reorganized. New information was added about the preliminary 
assessment of the RMZ rules including sample size and population; 
data collection; measurement techniques; sampling unit; sampling 
method; preliminary assessment results; and preliminary assessment 
review. The future direction of the compliance monitoring program 
was updated, including a proposed timeline for rule review.  

Section 4a-3.1 163 Added Table 4.1 - Western Washington Type 1 - Type 3 RMZ 
Preliminary Assessment Results.  

Section 4a-3.1 163 Added Table 4.2 - Eastern Washington Type 1 - Type 3 RMZ 
Preliminary Assessment Results.  

Section 4a-3.1 166 Added Table 4.3 - Proposed Forest Practices Compliance Monitoring 
Timeline.  

Section 4a-4 173 Information was added about Schedule L-1 of the FFR and its 
relationship to the Adaptive Management program. Added information 
about the process followed if there are changes proposed to resource 
objectives, performance targets, and research and monitoring priorities. 

Section 4a-4.2 176 Information was added about the relationship between the CMER work 
plan and Schedule L-1, and CMER prioritization of programs.  

Section 4a-4.2 178, 179 A summary of two completed high priority CMER studies was added: 
Type N Stream Demarcation Study and Desired Future Condition 
Study.  

Section 4b 181, 182 Information was added on the role of Schedule L-1 as it relates to the 
conservation objective of the riparian strategy.  

Section 4b-1 182, 183 Update was added on the FPB’s action regarding the water typing 
system - to continue following the original interim rule (WAC 222-16-
031) while using new water type maps.  

Section 4b-3.3 206 Footnote #1 of Figure 4.7 was added clarifying the lands managed 
under existing HCPs and the relationship to the lands covered by the 
FPHCP.  

Section 4c 217 Information was added on the role of Schedule L-1 as it relates to the 
conservation objective of the upland strategy.  

Section 4c-2.3 224 Data was added about the number of approved RMAPs from July 2001 
to December 2004.  
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Table P-1. Major Changes Made to the Draft FPHCP. 
Final FPHCP 

Subsection 
Page # in the 
Final FPHCP 

Summary of Major Changes Made to the draft FPHCP that 
appear in the final FPHCP 

Section 4c-2.3 224 Update was added on RMAP rules for small forest landowners based 
on FPB action in August 2005.  

Section 4c-2.3 226 Table 4.13 was added detailing the Family Forest Fish Passage 
Program accomplishments from 2003-2005.  

Section 4d-1.1 236, 237 Revised “Exempt 20-Acre Parcels” in section 4d-1.1 - Riparian 
Management Zones: Providing Large Woody Debris and Shade.  

Section 4d-1.1 239 Added information regarding Type Np protection in relation to harvest 
strategies.  

Section 4e-2 251 Information was added regarding recommendations from the recently 
completed CMER study - Type N Stream Demarcation Study.  

Section 4e-3 252-254 Acreage and percentage figures were revised for the critical area acres 
under the minimal effects strategy and the FPHCP strategy. Acreage 
and percentage figures reported in the draft FPHCP were not consistent 
with acreage and percentage figures reported in Appendix K, and were 
updated based on revised stream mile figures.  

Section 4e-3.1 254 Clarification added under “Implications” section regarding figures 
associated with the critical area acres identified in the minimal effects 
strategy.  

Section 4e-4 263 Acreage and percentage figures were revised for the critical area 
calculations under the minimal effects strategy and the FPHCP 
strategy.  

Appendix H  2005 CMER Work Plan was replaced with 2006 CMER Work Plan  
Appendix J  New information added characterizing implementation of the 20-acre 

exempt rule - how many 20-acre exempt applications are Class IV 
General forest practices (likely conversions), and on post-harvest RMZ 
characteristics for 20-acre exempt forest practices.  

Appendix K  Critical area acres were updated based on revised stream-mile figures.  

 1 



 
 

 

 

Preface Final EIS 

 

Preface 

P-6

 

 1 

Table P-2. Major Changes Made to the DEIS. 
Draft EIS 

Subsections Summary of Major Changes Made to the DEIS that Appear in the FEIS 
Preface A preface was added to the FEIS to describe the public comment period and changes 

made to the DEIS as a result of those comments. 
Summary Text has been added to identify the preferred alternative. 

Subsection 1.1.2 The presence of federally listed and candidate animal species that are not covered by 
the FPHCP, but that are known to occur on covered lands was clarified. 

Subsection 1.1.2, 
Table 1-1 

Dolly Varden was added to the species list; white sturgeon is now identified as an 
anadromous marine fish, and the spelling of several scientific names was corrected. 

Subsection 1.1.2, 
Figure 1-1 

The distinction between lands managed under existing HCPs and those proposed for 
inclusion in the FPHCP was clarified. 

Subsection 1.5.2.5 Subsection 1.5.2.5 has been clarified to include antidegradation standards. 
Subsection 2.3.1.2 The status of Washington Forest Practices Rules pertaining to upland wildlife habitat 

was clarified.  Additional detail was provided concerning proposed changes in road 
maintenance and abandonment planning requirements for small forest landowners, as 
well as the operation of the Family Forest Fish Passage Program.  Additional 
information was provided about Washington Forest Practices Rules pertaining to 
habitat designations for upland wildlife species. 

Subsection 2.3.2 Text has been added to identify the preferred alternative. 
Subsection 2.3.2.1 Bulleted text was edited to clarify the outcome for total maximum daily loads.  The 

description of the Scientific Review Committee was edited to update the status of 
Board Manual Section 22. 

Subsection 2.3.2.2 The status of the 2006 CMER work plan was updated. 
Subsection 2.3.3.1 The third bullet describing the expected outcomes of Alternative 3 was clarified.   

Subsection 3.1 Figure 3-1.  The distinction between lands managed under existing HCPs and those 
proposed for inclusion in the FPHCP was clarified.   

Subsection 3.2.1 The numbers in Table 3-2 changed slightly. 
Subsection 3.2.4.2 Two new subsections were added, with tables and discussions of timber harvest rates 

and timber supply. 
Subsection 3.2.5 Additional information was provided about forestland conversion throughout the 

United States. 
Subsection 3.5.1.3 Table 3-14.  Washington State water quality standards for the major non-chemical 

parameters of concern were updated.  
Subsection 3.5.1.4 A citation for the 2004 Water Quality Assessment was added.  
Subsection 3.5.2.5 The relationship between road density and impacts on riparian areas was clarified, 

and several citations were added. 
Subsection 3.6.3.1 The relationship was clarified between fire suppression-related fuel buildup and 

changes in fire frequency and intensity. 
Subsection 3.7.2.2 The titles of subsections 3.7.2.2 and 3.7.2.3 were changed to reflect more closely the 

content of the discussions. 
Subsection 3.10 The criteria for inclusion of wildlife species in Table 3-24 were clarified.  Text was 

edited to acknowledge that factors other than timber harvest may influence the 
availability and distribution of forest structure classes. 

Subsection 
3.10.2.1 

The nesting habitats of marbled murrelets were clarified.  Additional information was 
provided about the current population status of marbled murrelets. 
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Table P-2. Major Changes Made to the DEIS. 
Draft EIS 

Subsections Summary of Major Changes Made to the DEIS that Appear in the FEIS 
Subsection 

3.10.2.2 
The geographic extent of the spotted owl effectiveness monitoring plan was 
specified.  A discussion was added that summarizes the results of the WDFW review 
of Forest Practices Rules regarding spotted owls, as well as the response of the Forest 
Practices Board. 

Subsection 
3.10.2.3 

The nesting habits of bald eagles were clarified.  Text was revised to clarify the 
current and anticipated distribution of seral stage classes in riparian areas.  Threats to 
bald eagle nests on private lands in the absence of habitat protection rules were 
identified. 

Subsection 
3.10.4.3 

Additional information was provided about the functions of large snags and down 
logs in late seral forests. 

Subsection 
4.2.3.1, Figure 

4.2-2 

Corrected the number of acres in the Moderate-Heavy Selective Harvest zone for the 
middle column of the chart (for Alternative 1-Scenario 1, Alternative 2, and 
Alternative 3) 

Subsection 4.2.3.2 Additional information was provided about the associations between watershed 
development and aquatic system conditions. 

Subsection 4.4.1.2 Additional information was provided about the road maintenance and abandonment 
planning requirements for small forest landowners and 20-acre exempt landowners. 

Subsection 4.4.2.2 The risk assessment for unstable slopes under No Action Alternative 1-Scenario 1, 
Alternative 2, and Alternative 3 was modified to be consistent with other similar 
statements.  The effect of bank stabilization measures under No Action Alternative 1-
Scenario 1 was clarified. 

Subsection 4.5.1.2 Text was revised to clarify the anticipated effects of pesticides on surface water 
quality under No Action Alternative 1-Scenario 2. 

Subsection 4.6.2.1 Text was added to the overview of effects on forest vegetation to clarify the nature of 
available vegetation data and to add references. 

Subsection 4.6.2.2 Text was added to the discussion of detailed effects on forest vegetation to clarify the 
basis of the percentages and the discussion on development of late seral forest 
characteristics.   

Subsection 4.7.1.2 Information was provided about observations of harvest practices within RMZs on 
20-acre exempt parcels. 

Subsection 4.8.2.2 Additional information was provided about the potential for fine sediment to affect 
fish and fish habitat. 

Subsection 4.8.3.2 Information was added about how increases in road density can affect fish and fish 
habitat. 

Subsection 4.8.3.7 The likelihood of the alternatives to affect lakes, reservoirs, and nearshore marine 
areas was clarified. 

Subsection 4.8.4 Information was added about the anticipated future need for and role of Watershed 
Analysis and text was added to clarify the basis of the percentages. 

Subsection 4.10.1 Text was added to clarify the scope of the analysis of the effects of the alternatives 
on Washington Forest Practices Rules pertaining to State and Federal listed wildlife 
species. 

Subsection 
4.10.2.1 

Additional information was added about the potential effects of the alternatives on 
upland wildlife species.  Amphibians were added to the list of species that may 
benefit from increased snag densities and amounts of down woody debris under 
Alternative 4. 
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Table P-2. Major Changes Made to the DEIS. 
Draft EIS 

Subsections Summary of Major Changes Made to the DEIS that Appear in the FEIS 
Subsection 5.1 The scope of the cumulative effects analysis was clarified to specify that future 

effects are the primary consideration.  Text was added to explain the basis for the 
review of applicable statutes, regulations, plans, and programs for the cumulative 
effects analysis. 

Subsection 5.2 Text was added that directs readers to descriptions of HCP-covered lands. 
Subsection 5.2.1 Text was added to clarify the environmental baseline for the cumulative impacts 

assessment. 
Subsection 5.2.2.1 Text was added to clarify the cumulative effects of individual statues, regulations, 

plans, and programs on listed species, as compared to current conditions and past 
impacts.  Text was added to each discussion of individual statutes, regulations, plans, 
and programs. The text describes the relative effectiveness of the alternatives with 
regard to the protection of ESA-listed species. 

Subsection 5.2.2.1 Text was added to clarify the responsibilities of the agencies who administer the 
Clean Water Act.  Text was added to clarify historical changes in the focus of the 
agencies that administer the Clean Water Act.  The role of the Washington 
Department of Ecology in administering the Clean Water Act was clarified. 

Subsection 5.2.2.2 Text was added, clarifying the role of the Department of Ecology in establishing 
State water quality standards, as well as the information that is considered in that 
process.  Text was added describing the role of the Department of Ecology in 
enforcing and revising Forest Practices Rules that govern water quality. 

Subsection 5.3.1 Text was added to specify the resource parameters for the analyses of cumulative 
effects on the following resources:  air quality; land ownership and use; aquatic 
resources; fish and fish habitat; cumulative watershed effects; vegetation; wildlife; 
archaeological, historical, and cultural resources; and the social and economic 
environment.  Text was added throughout subsection 5.3 to clarify where current 
conditions were used as the basis for comparisons of the relative effects of the 
alternatives. 

Subsection 5.3.3.1 Text was added to assess the cumulative effects of Alternative 2’s riparian and 
upland strategies on water resources.  Text as added to clarify the adaptive 
management process under Alternative 2. 

Subsection 5.3.3.2 Text was edited to clarify the role of Forest Practices Rules in protecting fish and fish 
habitat.  Text was added that specifies Federal, State, and local planning efforts and 
programs that have cumulative positive effects on aquatic habitat and fish resources.  
Text was added to clarify the location of streams that receive protection under 
Washington Forest Practices Rules.  Additional information was provided regarding 
the potential for future ESA listings to influence the maintenance of properly 
functioning streams and recovery of degraded streams in forested watersheds with 
high proportions of private ownership.  Text was added to compare the potential 
contribution of the alternatives to the recovery of listed species. 

Subsection 5.3.3.3 The discussion of the cumulative watershed effects was revised to clarify the 
comparative levels of funding for riparian easement programs and support for 
adaptive management under Alternatives 2 and 3.  Additional text was added to 
discuss riparian and upland strategies under Alternative 2. 

Subsection 5.3.4.1 Text was revised to clarify which vegetation parameters are addressed in the 
cumulative effects analysis for vegetation.  Text was also added to the discussion of 
effects on forest vegetation to clarify the basis of the percentages and the discussion 
on development of late seral forest characteristics. 

Subsection 5.3.4.2 Text was revised to clarify which species are addressed in the cumulative effects 
analysis for wildlife. 
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Table P-2. Major Changes Made to the DEIS. 
Draft EIS 

Subsections Summary of Major Changes Made to the DEIS that Appear in the FEIS 
Subsection 

5.3.4.2, 
Cumulative 

Effects 

The proportion of forestlands subject to Forest Practices Rules and the ownership 
percentages for western and eastern Washington were clarified or corrected.  
Additional information was provided regarding the potential for future ESA listings 
to influence the protection of amphibians, riparian-associated wildlife species, and 
upland wildlife species under No Action Alternative 1, Scenarios 1 and 2.  Text was 
added to acknowledge the role of FPHCP riparian and upland strategies in protecting 
wildlife under Alternative 2.  The discussion of the cumulative effects of current 
Washington Forest Practices Rules on wildlife was moved from Alternative 3 to 
Alternative 2.  Text was added to the discussion of the cumulative effects of 
Alternative 3 on wildlife to summarize the alternative’s effects relative to those of the 
other alternatives.  Percentage values were clarified for each of the alternatives.   

Chapter 6 A number of references were added and a number were deleted (because they were 
not cited) from the list of references. 

Chapter 7 Chapter 7 has been annotated to incorporate FEIS Volume II, Table 6.2-1. 
Appendix A A discussion of habitat trends was added to the Islands regional summary, and two 

works were added to the list of literature cited for Appendix A. 
Appendix A The discussion of tribal lands in the Olympic Coast regional summary was edited to 

identify the reservations that occur in the region. 
Appendix B, 
Figure B-2 

Corrected the number of acres in the Moderate-Heavy Selective Harvest zone for the 
middle column of the chart (for Alternative 1-Scenario 1, Alternative 2, and 
Alternative 3) 
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For the Proposed Issuance of  
Multiple Species Incidental Take Permits or 4(d) Rules Covering  
the Washington State Forest Practices Habitat Conservation Plan 
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For further Information Contact: 
 
   Ms. Sally Butts 
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   510 Desmond Drive SE, Suite 102     
   Lacey, Washington 98503-1263    
 
 
Abstract 
 
 
The State of Washington has applied for authorizations that would allow the take of aquatic species under the 
Endangered Species Act, relative to activities under the State’s Forest Practices Regulatory Program.  This Draft 
Environmental Impact Statement evaluates the environmental effects of the proposed action and several 
alternatives, including no action.  The No-Action Alternative is examined in terms of two scenarios, which 
capture the range of possible outcomes associated with not issuing take authorizations.  Three action alternatives 
are examined: 1) an alternative in which the Services would issue incidental take permits (ITPs) for incidental 
take of covered species that may result from activities under the Washington Forest Practices Regulatory 
Program in accordance with a Habitat Conservation Plan prepared by the State; 2) an alternative in which a take 
limit would be issued by NMFS under the existing Section 4(d) rule and take exemptions would be issued by 
NMFS and USFWS under new Section 4(d) rules, to cover the take of threatened species that may result from 
activities regulated by the Washington Forest Practices Regulatory Program; and 3) and an alternative in which 
the Services would issue ITPs based on more protective Forest Practices Rules.  Following a 90-day public 
comment period on the DEIS, the Services will review and respond to comments in writing and/or as changes in 
the FEIS.  The Services may also suggest, to the State, changes to the proposed Habitat Conservation Plan as a 
result of comments received.  The resulting Final Environmental Impact Statement will be circulated for an 
additional 30-day public review period.  Following the 30-day review period, the Services will prepare a Record 
of Decision that will formally document their ITP or take authorization decisions. 
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G-1

The following definitions have been gathered from a variety of sources, including the 1 
Forests and Fish Report (April 1999).  The definitions are not necessarily the same as 2 
those in the Forest Practices Act or the forest practices rules (Washington Administrative 3 
Code 222). 4 

Adaptive management – A formal process for a) evaluating the current resource status, b) 5 
evaluating the effectiveness of rules and guidance necessary to meet the goals and 6 
objectives for the protection, maintenance, and enhancement of resources, and c) based on 7 
the findings, making any necessary adjustments to management practices to achieve 8 
resource objectives. 9 

Allochthonous – Derived from outside a system, such as leaves of terrestrial plants that 10 
fall into a stream. 11 

Alluvial fan – See “sensitive sites” definition. 12 

Anadromous fish – Those species of fish that mature in the ocean and migrate to 13 
freshwater streams to spawn; an example is salmon. 14 

Angular canopy density (ACD) – A measure of solar radiation reaching a stream; the 15 
projection of canopy closure measured at the angle at which solar radiation directly passes 16 
through the canopy to the stream. 17 

Aquatic resources – Water quality, fish, the Columbia torrent salamander (Rhyacotriton 18 
kezeri), the Cascade torrent salamander (Rhyacotriton cascadae), the Olympic torrent 19 
salamander (Rhyacotriton olympicus), the Dunn’s salamander (Plethodon dunni), the Van 20 
Dyke’s salamander (Plethodon vandyke), the Coastal tailed frog (Ascaphus truei), the 21 
Rocky Mountain tailed frog (A. montanus), and their respective habitats. 22 

Archaeological object – An object that comprises the physical evidence of an indigenous 23 
and subsequent culture including material remains of past human life such as monuments, 24 
symbols, tools, facilities, and technological by-products (from RCW Chapter 27.53.030). 25 

Archaeological resources – All sites, objects, structures, artifacts, implements, and 26 
locations of prehistorical or archaeological interest, whether previously recorded or still 27 
unrecognized, including, but not limited to, those pertaining to prehistoric and historic 28 
American Indian or aboriginal burials, campsites, dwellings, and habitation sites, including 29 
rock shelters and caves, their artifacts and implements of culture such as projectile points, 30 
arrowheads, skeletal remains, grave goods, basketry, pestles, mauls and grinding stones, 31 
knives, scrapers, rock carvings and paintings, and other implements and artifacts of any 32 
material that are located in, on, or under the surface of any lands or waters owned by or 33 
under the possession, custody, or control of the State of Washington or any county, city, or 34 
political subdivision of the State (from RCW Chapter 27.53.040). 35 
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Archaeological site – A geographic locality in Washington, including, but not limited to, 1 
submerged and submersible lands and the bed of the sea within the State's jurisdiction, that 2 
contains archaeological objects (from RCW Chapter 27.53.030). 3 

Autochthonous – Derived from within a system, such as organic matter in a stream 4 
resulting from photosynthesis of aquatic plants. 5 

Bankfull depth – The average vertical distance between the channel bed and the estimated 6 
water surface elevation required to completely fill the channel to a point above which water 7 
would enter the floodplain or intersect a terrace or hill slope. In cases where multiple 8 
channels exist, the bankfull depth is the average depth of all channels along the cross-9 
section. 10 

Bankfull width – The measurement of the lateral extent of the water surface elevation 11 
perpendicular to the channel at bankfull depth. In cases where multiple channels exist, 12 
bankfull width is the sum of the individual channel widths along the cross-section. 13 

Basal area – The area in square feet of the cross-section of a tree bole measured at 4.5 feet 14 
above the ground. 15 

Bedrock hollow – (Colluvium-filled bedrock hollows or hollows; also referred to as 16 
zero-order basins, swales, or bedrock depressions.) Landforms that are commonly 17 
spoon-shaped areas of convergent topography (upward or contour concavity) within 18 
unchannelled valleys on hillslopes.  Hollows are formed on slopes of varying steepness and 19 
tend to be longitudinally linear on the slope.  Their upper ends can extend to the ridge, or 20 
begin as much as several hundred feet below.  Most hollows are approximately 75 to 21 
200 feet wide at the top and may narrow to 30 to 60 feet downhill.  They terminate at 22 
distinct channels, either at the point of channel initiation or along a stream side.  Bedrock 23 
hollows typically experience episodic evacuation of debris by shallow-rapid mass 24 
movement, followed by slow refilling with colluvium.  Debris slides that begin within 25 
bedrock hollows commonly evolve into debris torrents, which have the potential to reach 26 
great distances downhill and downstream. 27 

Biological diversity – The relative degree of abundance of wildlife species, plant species, 28 
communities, habitats or habitat features within an area. 29 

Blowdown – Trees felled by high winds. 30 

Board foot – The amount of wood equivalent to a piece 1 foot by 1 foot by 1 inch thick. 31 

Bog – A hydrologically isolated, low nutrient wetland that receives its water from 32 
precipitation only.  Bogs typically have no inflow and rarely have outflows.  Bogs have 33 
peat soils 16 or more inches in depth (except where over bedrock), and specifically adapted 34 
vegetation such as sphagnum moss, Labrador tea, bog laurel, sundews, and some sedges. 35 
Bogs may have an overstory of spruce, hemlock, cedar, or other tree species, and may be 36 
associated with open water.37 
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Buffer – A forested area of trees left unharvested during timber harvest to conserve 1 
sensitive ecosystems or wildlife habitat, or potentially unstable slopes.  Management 2 
activities may be allowed as long as they are consistent with the objectives for the buffer. 3 

Bull trout habitat overlay – Those portions of eastern Washington streams containing 4 
bull trout habitat as identified in the Washington Department of Fish and Wildlife’s bull 5 
trout map (see WAC 222-16-010).  Prior to the development of a bull trout field protocol 6 
and of the habitat-based predictive model, the bull trout habitat overlay map may be 7 
modified to allow for locally-based corrections using current data, field knowledge, and 8 
best professional judgment.  A landowner may meet with the Departments of Natural 9 
Resources and Fish and Wildlife and, in consultation with affected tribes and Federal 10 
biologists, determine whether certain stream reaches have habitat conditions that are 11 
unsuitable for bull trout.  If such a determination is mutually agreed upon, documentation 12 
submitted to the department will result in the applicable stream reaches no longer being 13 
included within the definition of bull trout habitat overlay.  Conversely, if suitable bull 14 
trout habitat is discovered outside the current mapped range, those waters will be included 15 
within the definition of bull trout habitat overlay by a similar process. 16 

Candidate species – A Federal plant or and animal species for which the U.S. Fish and 17 
Wildlife Service has sufficient information on the biological status and threats to the 18 
species to propose them as endangered or threatened under the Endangered Species Act, 19 
but for which development of a proposed listing regulation is precluded by other higher 20 
priority listing activities.  The National Marine Fisheries Service, which has jurisdiction 21 
over most marine species, defines candidate species more broadly to include species whose 22 
status is of concern but more information is needed before they can be proposed for listing.  23 
State candidate species include fish and wildlife species that the Department will review 24 
for possible listing as State Endangered, Threatened, or Sensitive. 25 

Canopy – The continuous cover of branches and foliage formed collectively by the crowns 26 
of adjacent trees and other woody growth. 27 

Canopy closure – The degree to which the canopy (forest layers above one’s head) blocks 28 
sunlight or obscures the sky. 29 

Channel migration zone –The area where the active channel of a stream is prone to move 30 
and where movement would result in a potential near-term loss of riparian function and 31 
associated habitat adjacent to the stream, except as modified by a permanent levee or dike.  32 
For purposes of this report, channel migration zones are associated with moderately 33 
confined streams, and unconfined avulsing streams. 34 

Class IV-Special – A Washington forest practices class; forest practices that are subject to 35 
SEPA requirements (RCW Chapter 76.09.05), as they have been determined to have 36 
potential for a substantial impact on the environment, and so require an environmental 37 
checklist and additional review.38 
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Clearcut – A timber harvest method in which all or almost all of the trees are removed in 1 
one cutting; an even-aged silvicultural system.  2 

Climax – The culminating, highly stable stage in plant succession for a given environment; 3 
an ecosystem will stay at the climax stage until disturbance affects the ecosystem and the 4 
stages of ecological succession begin again. 5 

Closed-canopy forest – Coniferous forests between 40 and 70 years of age.  Also called a 6 
closed forest. 7 

Code of Federal Regulations (CFR) – A codification of the general and permanent rules 8 
published in the Federal Register by the executive departments and agencies of the Federal 9 
government. 10 

Commercial thinning – The removal of generally merchantable trees from an even-aged 11 
stand, so that the remaining trees can develop faster and with less competition. 12 

Compliance monitoring – Monitoring conducted to determine the degree to which forest 13 
landowners and operators are adhering to forest practices rules.  14 

Convergent headwall (or headwalls) – Landforms that are teardrop-shaped, broad at the 15 
ridgetop and terminate where headwaters converge into a single channel.  They are broadly 16 
concave both longitudinally and across the slope, but may contain sharp ridges that 17 
separate the headwater channels.  Convergent headwalls generally range in size from about 18 
30 to 300 acres; slope gradients are typically steeper than 35 degrees and may exceed 45 19 
degrees.  Soils are thin because slides are frequent in these landforms.  It is the 20 
arrangement of bedrock hollows and first-order channels on the landscape that causes a 21 
convergent headwall to be a unique mass-wasting feature.  Landslides that evolve into 22 
debris flows in convergent headwalls typically deliver debris to larger channels 23 
downstream.  Channel gradients are extremely steep within headwalls, and generally 24 
remain so for long distances downstream.  Channels that exit the bottoms of headwalls 25 
have been formed by repeated debris flows and have forms and gradients that are efficient 26 
at conducting them.  Convergent headwalls commonly have debris fans at the base of their 27 
slopes. 28 

Core zone – For eastern Washington, the area between the bankfull width or channel 29 
migration zone edge of a Type S or F water and a line 30 feet parallel to the bankfull width 30 
or channel migration zone edge (measured as horizontal distance); for western 31 
Washington, the area between the bankfull width or channel migration zone edge of a 32 
Type S or F water and a line 50 feet parallel to the bankfull width or channel migration 33 
zone edge (measured as horizontal distance).  Also see Edge (water). 34 
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Covered lands – Covered lands are forestlands within the State of Washington subject to 1 
the Washington Forest Practices Act, chapter 76.09 RCW (FPA).  Forestland means “all 2 
land which is capable of supporting a merchantable stand of timber and is not being 3 
actively used for a use which is incompatible with timber growing” (RCW Chapter 4 
76.09.010(9)).  Approximately 9.1 million acres of forestlands are covered lands; this 5 
primarily includes private and state forestlands, although local government forestlands are 6 
also covered by the Forest Practices Habitat Conservation Plan (FPHCP).  Forestlands 7 
covered by existing federally approved habitat conservation plans are generally not 8 
considered part of FPHCP covered lands (WAC 222-12-041).  However, there are two 9 
exceptions.  One is the Boise Cascade Single-Species Habitat Conservation Plan that 10 
encompasses 620 acres and provides coverage for the northern spotted owl, but does not 11 
include coverage for aquatic species.  The other is approximately 228,000 acres of 12 
Washington DNR managed land on the eastside of the Cascade crest.  The Washington 13 
DNR State Lands Habitat Conservation Plan provides coverage for terrestrial species in 14 
this area, but does not include coverage for aquatic species.  The forestland contained 15 
within these two areas is considered covered lands under the FPHCP. 16 

Covered species – Fish, the Columbia torrent salamander (Rhyacotriton kezeri), the 17 
Cascade torrent salamander (Rhyacotriton cascadae), the Olympic torrent salamander 18 
(Rhyacotriton olympicus), the Dunn’s salamander (Plethodon dunni), the Van Dyke’s 19 
salamander (Plethodon vandyke), the Coastal tailed frog (Ascaphus truei), and the Rocky 20 
Mountain tailed frog (A. montanus). 21 

Critical habitat, Federal – Areas designated under the Federal Endangered Species Act 22 
that have the physical and biological features necessary for the conservation of a listed 23 
species, or which require special management considerations or protection. 24 

Critical habitat, State – Habitats of threatened or endangered species as designated by the 25 
Washington Forest Practices Board (WAC 222-16-080). 26 

Cultural resources – Archaeological and historic sites and artifacts and traditional 27 
religious, ceremonial and social uses and activities of affected Indian tribes (from 28 
WAC 222-16-010). 29 

Debris flow – A moving mass of rock, soil, and organic debris, more than half the particles 30 
being larger than sand size; can travel many miles down steep confined mountain channels; 31 
a form of debris torrent. 32 

Debris slide – The very rapid and usually sudden sliding and flow of incoherent, unsorted 33 
mixtures of soil, weathered bedrock, and organic debris. 34 

Debris torrent – Debris flow or dam-break flood.  Rapid movement of a large quantity of 35 
materials, including rock, soil, and organic debris, down a stream channel.  Usually occurs 36 
in smaller streams during storms or floods, and scours the stream bed in steeper channels. 37 
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Deep-seated landslide – Landslides in which the zone of movement is mostly below the 1 
maximum rooting depth of trees, to depths of tens to hundreds of feet.  Deep-seated 2 
landslides can vary greatly in size (up to thousands of acres) and activity level and can 3 
occur almost anywhere on the hillslope.  Deep-seated landslides are usually formed in 4 
incompetent materials such as glacial deposits, volcaniclastic rocks, and fault gouge.  5 
Movement can be translational, rotational, or complex, range from slow to rapid, and 6 
include small to large displacements.     7 

Desired future condition (DFC) – The stand conditions of a mature riparian forest.  For 8 
management purposes, measurements of a mature riparian forest at 140 years of age are 9 
used. 10 

Detritus – Undissolved organic or inorganic matter resulting from decomposition of parent 11 
material. 12 

Diameter at breast height (dbh) – The diameter of a tree, measured 4.5 feet above the 13 
ground on the uphill side of the tree. 14 

Dispersal – The movement of juvenile, subadult, and adult animals from one sub-15 
population to another. 16 

Early seral stage – Forest development classification that corresponds with:  (1) closed 17 
sapling-pole, small sawtimber condition (Brown 1985); (2) young forest (Spies and 18 
Franklin 1991); and (3) stand initiation stage, stem exclusion stage (Oliver 1981). 19 

Earthflow – Mass movement process and landform characterized by downslope translation 20 
of soil and weathered rock over a landslide within well-defined lateral boundaries.  21 
Earthflows are often considered a class of deep-seated landslides. 22 

Eastern Washington – The geographic area in Washington east of the crest of the Cascade 23 
Mountains from the international border to the top of Mt. Adams; then east of the ridge line 24 
dividing the White Salmon River drainage from the Lewis River drainage, and east of the 25 
ridge line dividing the Little White Salmon River drainage from the Wind River drainage, 26 
to the Columbia River. 27 

Eastern Washington timber habitat types. 28 
Tree Species Zone Elevation 

Ponderosa pine 0 to 2,500 feet 
Mixed conifer 2,500 to 5,000 feet 
High elevation Above 5,000 feet 

 29 
Edge (habitat) – An abrupt change between adjacent plant communities, successional 30 
stages, or vegetative conditions. 31 

Edge (water) – Edge of any water means the outer edge of the bankfull channel or, where 32 
applicable, the outer edge of the channel migration zone. 33 
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Edge effects – The modified environmental conditions along the margins, or edges, of 1 
forest patches. 2 

Effectiveness monitoring – Monitoring conducted to determine if measures implemented 3 
for the protection, maintenance, and enhancement of resources have the desired effect. 4 

Endangered Species – A federally listed species which is in danger of extinction 5 
throughout all or a significant portion of its range.  A State listed wildlife species native to 6 
the State of Washington that is seriously threatened with extinction throughout all or a 7 
significant portion of its range within the State. 8 

Endangered Species Act (ESA) – The Federal Endangered Species Act of 1973 9 
(16 U.S.C. §1531 et seq.), as amended, sets up processes by which plant and animal 10 
species can be designated as threatened or endangered.  Two Federal agencies, the USFWS 11 
and NMFS, administer the act.  Once species are listed, the act also provides that these 12 
agencies develop recovery plans for these species, including conserving the ecosystems on 13 
which listed species depend. 14 

Endemic – Term used to describe a species whose habitat exists in a particular area. 15 

Environmental Impact Statement (EIS) – A document prepared under the National or 16 
State Environmental Policy Acts to assess the effects that a particular action or program 17 
will have on the environment. 18 

Equipment limitation zone – The area between the edge of a Type N water and a line 19 
30 feet (measured as horizontal distance) parallel to the edge. 20 

Even-aged – A system of forest management in which stands are produced or maintained 21 
with relatively minor differences (generally, less than 10 years) in age. 22 

Evolutionarily significant units (ESU) – A population that is substantially reproductively 23 
isolated from other population units of the same species, and represents an important 24 
component in the evolutionary legacy of the species. 25 

Extirpation – The elimination of a species from a particular area. 26 

Federally listed – Species formally listed as threatened or endangered under the Federal 27 
Endangered Species Act; designations are made by the USFWS or NMFS. 28 

Fish – For purposes of this report, species of the vertebrate classes Cephalospidomorphi 29 
and Osteichthyes. 30 

Forest Practices Act – A Washington State statute (Chapter RCW 76.09) establishing 31 
minimum standards for forest practices, and providing for necessary administrative 32 
procedures and rules applicable to activities conducted on or pertaining to forests, on both 33 
State-managed and private lands.  34 
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Forest Practices Board – A Washington State agency created by the Forest Practices Act 1 
to adopt forest practices rules that protect public resources coincident with the maintenance 2 
of a viable forest products industry.  These rules are administered and enforced by 3 
Washington DNR. 4 

Fragmentation – The spatial arrangement of successional stages across the landscape as 5 
the result of disturbance; often used to refer specifically to the process of reducing the size 6 
and connectivity of late-successional or old-growth forests. 7 

Geographic information system (GIS) – A computer system that stores and manipulates 8 
spatial data, and can produce a variety of maps and analyses.  Washington DNR’s GIS is 9 
able to (1) assign information and attributes to polygons and lines, which represent 10 
relationships on the ground; and (2) update and retrieve inventory, mapping, and statistical 11 
information.  Washington DNR uses its GIS as one of several tools for setting landscape-12 
level planning objectives. 13 

Geomorphic processes – Landscape-modifying processes such as surface erosion, mass 14 
wasting, and stream flow. 15 

Green-tree retention – A stand management practice in which live trees are left within 16 
harvest units to provide habitat after harvest. 17 

Groundwater recharge area – The topographically defined basin above a glacial 18 
deep-seated landslide that contributes surface and ground water to the landslide; an 19 
impermeable perching layer beneath the groundwater recharge area is assumed to exist. 20 

Habitat Conservation Plan (HCP) – An implementable conservation program for the 21 
long-term protection and benefit of a species in a defined area; required as part of a 22 
Section 10 incidental taking permit application under the Federal Endangered Species Act. 23 

High-elevation habitat type – The habitat series on the eastside ranging from elevations 24 
of 5,000 feet to the tree line. 25 

Historic archaeological resources – Those properties which are listed in or eligible for 26 
listing in the Washington State Register of Historic Places (RCW Chapter 27.34.220) or 27 
the National Register of Historic Places as defined in the National Historic Preservation 28 
Act of 1966 (Title 1, Sec. 101, Public Law 89-665; 80 Stat. 915; 16 U.S.C. Sec. 470) as 29 
amended (See RCW Chapter 27.53.030). 30 

Historic site – Sites, areas, and structures or other evidence of human activities illustrative 31 
of the origins, evolution, and development of the nation, State, or locality; or places 32 
associated with a personality important in history; or places where significant historical 33 
events are known to have occurred even though no physical evidence of the event remains 34 
(See WAC 222-16-010). 35 
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Horizontal distance – The distance on a line parallel to the horizon (not parallel to the 1 
slope). 2 

Hydrologic analysis unit (HAU) – Subdivisions of the watershed administrative unit 3 
(WAU) used in the hydrologic change module of the Washington Forest Practices Board’s 4 
watershed analysis procedures. 5 

Hydrologic maturity – The degree to which hydrologic processes (e.g., interception, 6 
evapotranspiration, snow accumulation, snowmelt, infiltration, runoff) and outputs 7 
(e.g., water yield and peak discharge) in a particular forest stand approach those expected 8 
in a late seral stand under the same climatic and site conditions.   9 

Hyporheic zone – Area adjacent to and below water bodies, typically streams and rivers, 10 
where interstitial water is exchanged with surface water. 11 

Identifiable channel – A channel with well-defined and measurable banks where 12 
vegetative ground cover has been disturbed and sediment is exposed.  13 

Implementation Agreement (IA) – A part of an application for an incidental take permit, 14 
typically accompanying an HCP, which specifies the terms and conditions, resources, 15 
schedule of activities, and expectations to the parties of the agreement. 16 

Incidental take – The taking of a federally listed species that results from, but is not the 17 
purpose of, carrying out an otherwise lawful activity.  18 

Incidental take permit – Permit issued by the USFWS and/or NOAA Fisheries to a non-19 
Federal entity (State, tribe, private landowner) that authorizes incidental taking of a 20 
threatened or endangered species.  21 

Inner gorges – Canyon walls created by a combination of stream downcutting/ 22 
undercutting action and mass movement on the slope walls.  Inner gorges may show 23 
evidence of recent movement, such as obvious landslides, vertical tracks of disturbance 24 
vegetation, or areas that are concave in contour and/or profile.  In competent bedrock, 25 
slope gradients of 35 degrees or steeper can be maintained, but soil mantles are 26 
increasingly sensitive to root-strength loss at these angles; slope gradients as gentle as 27 
28 degrees can be unstable in gorges cut into incompetent bedrock.  The top of the inner 28 
gorge is typically a distinct break in slope, but in some places the upper boundary is a 29 
subtle zone where the slope becomes markedly steeper or convex downhill.  Inner gorge 30 
walls can be continuous for great lengths, as along a highly confined stream that is actively 31 
downcutting; or they can be discontinuous, as along a flood-plain channel that is 32 
undercutting the adjacent hillslopes in isolated places where the stream has meandered to 33 
the valley edge. 34 
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Inner zone – For the eastside, the area between the outer boundary of the adjacent core 1 
zone and a line 45 feet (for streams less than 15 feet wide) or 70 feet (for streams more 2 
than 15 feet wide) from the outer boundary of the core zone (in each case measured as 3 
horizontal distance).  For the west side, the area measured horizontally from the outer 4 
boundary of the core zone to the outer limit of the inner zone.  The inner zone outer 5 
boundary is determined based on the channel width, site class and the management option 6 
chosen for timber harvest within the inner zone. 7 

Interagency Scientific Committee – The U.S. Interagency Scientific Committee to 8 
address the conservation of the northern spotted owl; cited in this document as Thomas et 9 
al. (1990). 10 

Interception – In hydrology, the rain and snow caught in the forest canopy. 11 

Landscape – Large regional units of lands that are viewed as a mosaic of communities, or 12 
a unit of land with separate plant communities or ecosystems forming ecological units with 13 
distinguishable structure, function, geomorphology, and disturbance regimes.   14 

Landslide – Any mass movement process characterized by downslope transport of soil and 15 
rock, under gravitational stress, by sliding over a discrete failure surface; or the resultant 16 
landform.  In forested watersheds, landsliding typically occurs when local changes in the 17 
pore-water pressure increase to a degree that the friction between particles is inadequate to 18 
hold the mass on the slope. 19 

Large woody debris – Large pieces of wood in stream channels or on the ground, includes 20 
logs, pieces of logs, and large chunks of wood; provides streambed stability and/or habitat 21 
complexity.  Also called coarse woody debris or down woody debris.  Large organic debris 22 
is large woody debris, but may contain additional nonwoody debris, such as animal 23 
carcasses. 24 

Late-successional forest – A mature and/or old-growth forest stand, also called late 25 
seral-stage forest. Typical characteristics are moderate to high canopy closure, a multi-26 
layered, multi-species canopy dominated by large overstory trees, many large snags, and 27 
abundant large woody debris (such as fallen trees) on the ground.   28 

Listed species – Species formally listed as endangered, threatened, or sensitive by a 29 
federal (USFWS or NMFS) or State (Washington Fish and Wildlife Commission) agency. 30 

Low-order streams – Small streams with very few tributaries; often are headwaters.  They 31 
typically include first and second order channels.   32 

Mass wasting – Dislodgment and downslope transport of soil and rock under the direct 33 
application of gravitational stress. 34 

Mature stand – A forest stand in the period from culmination of mean annual increment to 35 
old-growth stage. This is a time of gradually increasing stand diversity.  36 
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Mid-seral stage – Forest development classification that corresponds with (1) large 1 
sawtimber condition (Brown 1985); (2) mature forest (Spies and Franklin 1991); and 2 
(3) understory reinitiation stage (Oliver 1981).  Age of dominant trees is 80-195 years 3 
(Spies and Franklin 1991); due to stand density, brush, grass, or herbs decrease in the 4 
stand. Hiding cover may be present. 5 

Mixed conifer habitat type – The habitat series on the eastside ranging from elevations 6 
above 2,500 feet up to 5,000 feet. 7 

National Environmental Policy Act (NEPA) – The law requiring all Federal agencies to 8 
consider and analyze all significant environmental impacts of any action proposed by those 9 
agencies; to inform and involve the public in the agencies’ decision-making processes; and 10 
to consider the environmental impacts in those processes. 11 

National Marine Fisheries Service (NOAA Fisheries or NMFS) – The Federal agency 12 
that is the listing authority for marine mammals and anadromous fish under the Federal 13 
Endangered Species Act. 14 

Old-growth forest – A forest that is in the successional stage after maturity, which may or 15 
may not include climax old-growth species; the final seral stage.   16 

Outer zone – The area measured horizontally between the outer extent of the inner zone 17 
and the RMZ width as specified in riparian management zone definitions.   18 

Partial cutting – Removal of selected trees from a forest stand. 19 

Perennial stream – Waters that do not go dry any time of a year of normal rainfall; may 20 
include intermittent dry portions of a perennial channel below the uppermost point of 21 
perennial flow.  22 

Physiographic province – A region having similar geologic structure and climate, and 23 
which had a consistent geomorphic history; a region whose pattern of relief features or 24 
landforms differs significantly from that of adjacent regions. 25 

Placement strategy – A strategy for the placement of woody debris in streams.   26 

Ponderosa pine habitat type – The habitat series on the eastside ranging from the lower 27 
elevation limit of tree growth to an elevation of 2,500 feet. 28 

Precommercial thinning – Cutting trees at an immature age to allow for better growth of 29 
the remaining trees; may include removal of excess and/or diseased trees. 30 

Priority species – As defined by the Washington Department of Fish and Wildlife, priority 31 
species are fish and wildlife species requiring protective measures and/or management 32 
guidelines to ensure their perpetuation. 33 
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Proposed 4(d) special rule – Refers to section 4(d) of the Federal Endangered Species 1 
Act.  Pursuant to section 4(d), special rules may be promulgated “to provide for the 2 
conservation of [threatened] species.”  Such special rules may limit the application of the 3 
prohibition against take. 4 

Proposed threatened or endangered species – Species proposed by the U.S. Fish and 5 
Wildlife Service or NOAA Fisheries for listing as threatened or endangered under the 6 
Federal Endangered Species Act; not a final designation. 7 

Qualified expert – With regard to slope-instability issues:  a person with at least (i) either: 8 
(A) a master’s degree in geology or geomorphology or a related field, or (B) a significant 9 
amount of post-graduate course or thesis work or other training in geomorphology or 10 
mass-movements; and (ii) an additional 5 years of field experience in the evaluation of 11 
relevant problems in forested lands. 12 

Rain-on-snow zone – Area, generally defined as an elevation zone, where it is common 13 
for snowpacks to be partially or completely melted during rainstorms.  Commonly referred 14 
to as the “transient snow zone.” 15 

Recovery plan – A plan developed by a government agency, that if implemented would be 16 
expected to result in the recovery of a threatened or endangered species to the extent that 17 
the species can be removed from threatened or endangered status under the Endangered 18 
Species Act. 19 

Revised Code of Washington (RCW) – A revised, consolidated, and codified form and 20 
arrangement of all the laws of the State of a general and permanent nature. 21 

Riparian area – Areas of land directly influenced by water or that influence water. 22 
Riparian areas usually have visible vegetative or physical characteristics reflecting the 23 
influence of water.  Riversides and lake shores are typical riparian areas.  Commonly 24 
referred to as “riparian zone.” 25 

Riparian buffer – A riparian management zone that serves to protect aquatic habitat; see 26 
also buffer. 27 

Riparian ecosystem – The area of direct interaction between terrestrial and aquatic 28 
environments. 29 

Riparian leave trees – Trees that must be retained in the outer zone of riparian 30 
management zones in western Washington.  This includes conifer trees with a dbh of 31 
12 inches or greater; or, in the case of trees left to protect a sensitive feature, trees that are 32 
representative of the overstory canopy in or around such sensitive features (including, 33 
where applicable, hardwoods), and which have a dbh of eight inches or greater. 34 

Salmonid – Fish species belonging to the family Salmonidae, including trout, salmon, 35 
char, and whitefish species. 36 
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Salvage – The removal of snags, down logs, windthrow, or dead and dying material. 1 

Scoping – Determining the range of proposed actions, alternatives, and impacts to be 2 
discussed in a NEPA or SEPA EIS (WAC 197-11-793). 3 

Seasonal stream – Streams in which surface flow is not present for at least some potion of 4 
a year of normal rainfall. 5 

Selective harvest – A general term for partial cutting or salvage cutting in which 6 
individual trees are removed. 7 

Sensitive sites – Any of the following: 8 

(1) A headwall seep is a seep located at the toe of a cliff or other steep topographical 9 
feature and at the head of Type Np water that connects to the channel network via 10 
overland flow, and is characterized by loose substrate and fractured bedrock with 11 
perennial water at or near the surface throughout the year. 12 

(2) A side-slope seep is a seep within 100 feet of Type Np water located on 13 
side-slopes steeper than 20 percent, connected to the channel network via 14 
overland flow, and characterized by loose substrate and fractured bedrock with 15 
perennial water at or near the surface throughout the year.  Water flow to the 16 
Type Np channel is visible by someone standing in or near the stream. 17 

(3) A side-slope seep is a seep within 100 feet of Type Np water that is the initiation 18 
point for a stream, and is connected to the channel network via perennial 19 
channelized flow. 20 

(4) Headwater spring means the place where perennial flow begins on Type Np 21 
Water.  (See WAC 222-16-010 definition for more details.) 22 

(5) An alluvial fan is a depositional landform consisting of typically cone-shaped 23 
deposit of water-borne, often coarse-sized sediments. 24 
(a) The upstream end of the fan (cone apex) is typically characterized by a 25 

distinct increase in channel width where a stream emerges from a narrow 26 
valley;  27 

(b) The downstream edge of the fan is defined as the sediment confluence with 28 
a higher order channel; 29 

(c) The lateral margins of a fan are characterized by distinct local changes in 30 
elevation, and commonly show disturbed vegetation. 31 

Seral stage – One of the developmental stages that succeed each other as an ecosystem 32 
changes over time; specifically, the stage of ecological succession as a forest develops. 33 
There are various subdivisions for seral stages, e.g., (1) early seral stage; mid-seral stage; 34 
and late seral stage; (2) young forest; mature forest; and old-growth forest; (3) grass-forb; 35 
shrub; open sapling-pole; closed sapling-pole-sawtimber; large sawtimber; and old growth; 36 
and (4) stand initiation; stem exclusion; understory reinitiation; and old growth.37 
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Silt – Sedimentary material composed of fine particles, suspended in or deposited by 1 
water; mud or fine earth in suspension. 2 

Siltation – The deposition or accumulation of sediment that is suspended throughout a 3 
body of standing water or in some considerable portion of it; especially the choking, 4 
filling, or covering with stream-deposited silt or sand behind a place of retarded flow. 5 

Silviculture – The theory and practice of controlling the establishment, composition, 6 
growth, and quality of forest stands in order to achieve management objectives. 7 

Site class – A group or range of site indices.  Under current forest practices rules, the site 8 
class determines the RMZ width (See WAC 222-30-021 and 222-30-022). 9 

(1) For western Washington 10 

Site class 
50-year site index range 

(State soil survey) 
I 137+ 
II 119-136 
III 97-118 
IV 76-96 
V <75 

 11 
(2) For eastern Washington 12 

Site class 
100-year site index range

(State soil survey) 
50-year site index range 

(State soil survey) 
I 120+ 86+ 
II 101-120 72-85 
III 81-100 58-71 
IV 61-80 44-57 
V <60 <44 

 13 
Site index – A measure of forest productivity, expressed as the average height of dominant 14 
and co-dominant trees in a stand at specified age (usually 50 or 100 years). 15 

Site potential tree height (SPTH) – The height represented by the approximate mid-point 16 
of a site class based on a site index of 100 years, as in the following table. 17 

Region Site Class Site Potential Tree Height 
I 200 
II 170 
III 140 
IV 110 

Westside 

V 90 
I 130 
II 110 
III 90 
IV 70 

Eastside 

V 60 

SPTH numbers in the preceding table were derived from Douglas-fir stands.  SPTH for a 18 
stand age of 250 years are also presented within the main body of the EIS.19 
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Slump – A landslide characterized by movement of a mass of rock or earth along a 1 
typically curved slip surface (concave upward).  Sliding is normally about an axis across to 2 
the slope from which it descends, and by backward tilting of the mass so that the slump 3 
surface commonly exhibits a reversed slope facing uphill. 4 

Snag – A dead tree that is still standing. 5 

Stand – A group of trees that possess sufficient uniformity in composition, structure, age, 6 
spatial arrangement, or condition to distinguish them from adjacent groups. 7 

Stand conversion – The conversion of stands from low-commercial value species to more 8 
valuable species. 9 

State Environmental Policy Act (SEPA) – This law (Chapter 43.21C RCW) is the basic 10 
State statute for protection of the environment.  SEPA requires all State agencies to 11 
consider and analyze all significant environmental impacts of any action proposed by those 12 
agencies; to inform and involve the public in the agencies’ decision-making processes; and 13 
to consider the environmental impacts in the agencies’ decision-making processes. 14 

Stream-adjacent parallel road – A road in a riparian management zone with an 15 
alignment parallel to the stream.  Included are stream crossings where the alignment of the 16 
road continues parallel to the stream for more than 250 feet on either side of the stream.  17 
Not included are Federal, State, county or municipal roads that are not subject to forest 18 
practices rules, or roads of another adjacent landowner. 19 

Stream order – A number from 1 through 6 or higher, ranked from headwaters to river 20 
terminus, that designates the relative position of a stream or stream segment in a drainage 21 
basin. 22 

Succession – A series of changes by which one group of organisms succeeds another 23 
group in an ecosystem; a series of developmental stages in a community. 24 

Take (Taking) – To take means to harass, harm, pursue, hunt, shoot, wound, kill, trap, 25 
capture, or collect a federally listed threatened or endangered species, or to attempt to 26 
engage in any such conduct.  See also incidental take. 27 

Talus – A deposit of rock rubble derived from and lying at the base of a cliff or very steep, 28 
rocky slope. 29 

Threaten public safety – To increase the risk to the public at large from snow avalanches, 30 
identified in consultation with the department of transportation or a local government, or 31 
landslides or debris torrents caused or triggered by forest practices. 32 
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Threatened species – A federally listed species which is likely to become an endangered 1 
species within the foreseeable future throughout all or a significant portion of its range.  A 2 
State listed wildlife species native to the State of Washington that is likely to become an 3 
endangered species within the foreseeable future throughout a significant portion of its 4 
range within the State without cooperative management or removal of threats. 5 

Trust land – Lands held in trust and managed by Washington DNR for the benefit of a 6 
trust beneficiary. 7 

Turbidity – The relative lack of clarity of water, which may be affected by material in 8 
suspension. 9 

Uneven-aged – Forests composed of trees that differ markedly in age.  10 

U.S. Fish and Wildlife Service (USFWS) – Federal agency that is the listing authority for 11 
species, other than some marine mammals and most anadromous fish, under the Federal 12 
Endangered Species Act. 13 

Validation monitoring – Monitoring conducted as part of a research program to validate 14 
assumptions that are basis for resource protection measures. 15 

Viable population – A population that is of sufficient size and distribution to be able to 16 
persist for a long period of time in the face of demographic variations, random events that 17 
influence the genetic composition of the population, and fluctuations in environmental 18 
conditions, including some catastrophic events. 19 

Washington Administrative Code (WAC) – The compilation of all current, permanent 20 
rules of State agencies. 21 

Water quality classification – Washington State Department of Ecology water quality 22 
standards; specifications are given in WAC 173-201-045.  Class AA water is 23 
“extraordinary,” Class A water is “excellent,” Class B water is “good,” and so on. 24 

Water resource inventory area (WRIA) – Watershed-based planning unit, defined by the 25 
Washington State Department of Ecology.  The 62 WRIAs are determined by drainages to 26 
common water bodies. 27 

Water typing system – A simplified explanation of the Forest Practices Rules water 28 
typing system in effect on January 1, 1999, is as follows: 29 

Type 1:  All waters, within their ordinary high-water mark, as inventoried as 30 
shorelines of the State under the SMA. 31 

Type 2:  Segments of natural waters that are not Type 1 and have a high use and are 32 
important from a water quality standpoint for domestic water supplies; public 33 
recreation; fish spawning, rearing, or migration or wildlife use; are highly significant 34 
to protect water quality. 35 
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Type 3:  Segments of natural waters that are not Type 1 or 2 and are moderately 1 
important from a water quality standpoint for: domestic use; public recreation; fish 2 
spawning, rearing, or migration or wildlife uses; or have moderate value to protect 3 
water quality. 4 

Type 4:  Segments of natural waters that are not Type 1, 2, or 3, and for the purpose 5 
of protecting water quality downstream are classified as Type 4 Water upstream until 6 
the channel width becomes less than two feet in width between the ordinary 7 
high-water marks.  These may be perennial or intermittent. 8 

Type 5:  Natural waters that are not Type 1, 2, 3, or 4; including streams with or 9 
without well-defined channels, areas of perennial or intermittent seepage, ponds, 10 
natural sinks and drainage ways having short periods of spring or storm runoff. 11 

The revised water typing system under the current Forest Practices Rules is as follows: 12 

Type S:  All waters inventoried as “shorelines of the State.” 13 

Type F:  Waters not classified as Type S, which contain fish habitat.  It also includes 14 
some waters diverted for domestic and fish hatchery use.  15 

Type N:  Waters not classified as Type S or F, which are either perennial streams or 16 
are physically connected by an above-ground channel system to downstream waters 17 
such that water or sediment initially delivered to such waters will eventually be 18 
delivered to a Type S or F water.  Type N waters include two subcategories:  seasonal, 19 
Ns streams, and perennial, Np streams. 20 

Watershed – The drainage basin contributing water, organic matter, dissolved nutrients, 21 
and sediments to a stream or lake. 22 

Watershed administrative unit (WAU) – In Washington, the geographic area used for 23 
watershed analysis.  See WAC 222-22-020 for more information. 24 

Watershed analysis – A systematic procedure for characterizing watershed and ecological 25 
processes to meet specific management objectives; provides a basis for resource 26 
management planning.  In Washington, watershed analysis is conducted in accordance with 27 
forest practices rules and Board Manual guidance (Chapter 222-22 WAC). 28 

Western Washington – The geographic area of Washington west of the Cascade crest and 29 
the drainages defined in the “eastern Washington” definition. 30 

Wetland – An area that is inundated or saturated by surface or ground water at a frequency 31 
and duration sufficient to support (and under normal circumstances does support) a 32 
prevalence of vegetation typically adapted for life in saturated soil conditions; includes 33 
swamps, bogs, fens, and similar areas. 34 
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Wetland management zone (WMZ) – Zones adjacent to Type A and Type B wetlands, 1 
measured horizontally from the wetland edge or the point where the nonforested wetland 2 
becomes a forested wetland.  WMZs have variable widths based on the size of the wetland 3 
and wetland type.  WMZ widths are specified in WAC 222-30-020. 4 

Wetland typing system – A simplified explanation of Washington’s classifications of 5 
wetland types appears here.  For the complete classification system, see WAC 222-16-035. 6 

Nonforested wetland – Any wetland or portion thereof that has (or if the trees were 7 
mature would have) a crown closure of less than 30 percent. There are two types of 8 
nonforested wetlands.  A Type A wetland is: (1) greater than 0.5 acre in size; 9 
(2) associated with at least 0.5 acre of ponded or standing open water; or (3) bogs and 10 
fens greater than 0.25 acre.  All other nonforested wetlands greater than 0.25 acre are 11 
Type B wetlands. 12 

Forested wetland – Any wetland or portion thereof that has (or if the trees were 13 
mature would have) a crown closure of 30 percent or more. 14 

Wildlife tree – Wildlife trees include large live trees, snags, cavities, and down logs that 15 
provide forest-habitat structures for wildlife. 16 

Windthrow – Trees blown down by wind; also called blowdown. 17 

Yarding – Transporting logs from the point of felling to a collecting point or landing. 18 

Yarding corridor – A narrow, linear path through a stand to allow suspended cables 19 
necessary to support cable yarding methods, and suspended or partially suspended logs to 20 
be transported through these areas by cable yarding methods. 21 
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INTRODUCTION 1 

The State of Washington (the State) has submitted applications to the National Marine 2 
Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS), collectively 3 
referred to as the Services, for authorizations that would allow for the incidental take of 4 
aquatic species (salmon, steelhead, bull trout, and certain unlisted species, should they 5 
become listed) under the Endangered Species Act (ESA) through Section 10(a)(1)(B) and 6 
Section 4(d).  The applications relate to the potential for take that may result from activities 7 
under the Washington Forest Practices Regulatory Program.  Take authorizations can be 8 
obtained from both Services under Section 10(a)(1)(B) through an Incidental Take Permit 9 
(ITP).  An ITP can provide take authorization for endangered and threatened species and 10 
also can provide take authorization for unlisted species should they become listed at some 11 
time in the future.  Take authorization under ESA Section 4(d) is available for species 12 
listed as threatened (but not endangered), but only if a specific 4(d) rule has been adopted 13 
that addresses the threatened species.  It can be obtained from NMFS through an existing 14 
4(d) rule, within which is included a limit that pertains to the State of Washington’s Forest 15 
Practices Regulatory Program (Limit 13), or through an authorization defined in some 16 
future 4(d) rule, not currently contemplated.  It can be obtained from USFWS only through 17 
a take exemption defined in some future 4(d) rule (because no existing USFWS 4(d) rules 18 
apply either to the species addressed by the State’s applications or to the State’s Forest 19 
Practices Regulatory Program).  20 

An ITP and/or take limit or exemption (collectively referred to as take authorization) are 21 
expected to:  (1) provide long-term regulatory stability for forest management activities 22 
that are regulated by the Washington Forest Practices Regulatory Program; (2) allow for 23 
the protection of covered species to the maximum extent practicable consistent with 24 
maintaining commercial forestry as an economically viable industry; and (3) provide a 25 
regulatory climate and structure more likely to keep landowners in commercial forestry, 26 
rather than converting forestlands to other uses that may be less desirable for salmon 27 
recovery. 28 

Providing take authorization as a result of the State’s application would be a major step 29 
towards achieving the goals of the Forests and Fish Report (April 1999), on which the 30 
current Washington Forest Practices Regulatory Program is based (See subsection 1.3.1, 31 
Forest Practices Regulatory Program).   32 

The species that could be covered by issuance of ITPs from each of the Services include all 33 
threatened and endangered fish listed at the time of this application, and occurring on the 34 
covered lands in Washington, plus other, unlisted native fish and seven stream-associated 35 
amphibians.  Most anadromous fish species fall within the jurisdiction of NMFS, while 36 
non-anadromous fish, some anadromous fish, and the amphibians fall within the 37 
jurisdiction of USFWS.  The species that would be covered by issuance of a limit under 38 
NMFS’ existing 4(d) rule or take exemptions through any future 4(d) rules (NMFS or 39 
USFWS) include only threatened species addressed at that time by the specific 4(d) rules.  40 
The geographic area that would be addressed by issuance of ITPs or limits under ESA 41 
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Section 4(d) includes existing and future non-Federal and non-tribal forestlands in 1 
Washington State, excluding those forestlands that are covered by existing ITPs for aquatic 2 
species.   3 

To obtain ITPs under ESA Section 10(a)(1)(B), the State must prepare a Habitat 4 
Conservation Plan (HCP) that meets the issuance criteria established by the Services (See 5 
subsection 1.2.3.1, Decisions to be Made, ESA Section 10).  For the State to obtain take 6 
authorizations under ESA Section 4(d), the State must prepare information similar to that 7 
contained in an HCP, with some modifications specific to any requirements that may be 8 
contained in the applicable 4(d) rule.  Accordingly, the State has prepared a programmatic 9 
conservation plan (see Forest Practices Habitat Conservation Plan [FPHCP]) that addresses 10 
the requirements of both ESA Section 10(a)(1)(B) and NMFS’ existing ESA Section 4(d) 11 
rule.  This conservation plan covers aspects of the Washington Forest Practices Regulatory 12 
Program that may affect aquatic species. 13 

The proposed Federal actions of issuing ITPs or take authorizations under ESA Section 14 
4(d) have the potential to affect the human environment and, therefore, are actions subject 15 
to review under the National Environmental Policy Act (NEPA).  The Services are required 16 
to prepare NEPA review documents and circulate the environmental review package 17 
(NEPA document and Habitat Conservation Plan) for public review.  In this case, the 18 
Services have determined that there is a need to prepare an Environmental Impact 19 
Statement (EIS). 20 

PURPOSE AND NEED FOR ACTION 21 

The purpose for this action is to respond to the State of Washington’s applications for ESA 22 
take authorizations.  These authorizations can be through ITPs, issued by each of the 23 
Services under ESA Section 10(a)(1)(B), or through take authorizations under ESA Section 24 
4(d).  If ITPs are issued, they would allow for incidental take of the threatened and 25 
endangered species and make provision for take authorization of proposed and unlisted 26 
species should they become listed under the ESA in the future.  If ESA Section 4(d) take 27 
authorizations are issued, they would only apply to those threatened species addressed in 28 
the relevant 4(d) rules.   29 

The need for this action is to provide broader protection and conservation for listed, 30 
proposed, and unlisted species under ESA Section 10(a)(1)(B) and Section 4(d) than would 31 
occur through individual civil or criminal actions to enforce the ESA’s Section 9 32 
prohibition against take of listed species, while providing for the long-term management of 33 
forest resources on State and private lands under the Washington Forest Practices Rules 34 
(See subsection 1.3, Background and Context).  35 

ALTERNATIVES 36 

This EIS analyzes a No-Action Alternative and three action alternatives (see Chapter 2, 37 
Alternatives).  The action alternatives are identified as Alternatives 2, 3, and 4 and the No-38 
Action Alternative is identified as Alternative 1.  No Action Alternative 1 has two 39 
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scenarios.  A summary description of each of these No-Action scenarios and the action 1 
alternatives is provided below.  Refer to Chapter 2 (subsection 2.3, Alternatives Analyzed 2 
in Detail) for detailed descriptions.  3 

No-Action Alternative (Alternative 1) 4 

No Action means no ITPs or take authorization under any 4(d) rules would be issued.  A 5 
range of outcomes could result from this lack of action.  Two scenarios which represent the 6 
endpoints of the reasonable range of possible outcomes have been defined to represent the 7 
No-Action Alternative and are referred to as No Action Alternative 1-Scenario 1 and No 8 
Action Alternative 1-Scenario 2.  The effects of No Action are displayed for both of these 9 
endpoints in the effects analyses in Chapters 4 and 5, but the actual effects of No Action on 10 
the individual resources are likely to fall between the effects described for each of the two 11 
scenarios.   12 

No Action Alternative 1-Scenario 1:  Under No Action Alternative 1-Scenario 1, no ITPs 13 
or take authorization would be issued and the current rules (which are based on the Forests 14 
and Fish Report and became effective in July 2001) would remain in effect.  However, the 15 
amount of collaboration and participation among Forests and Fish stakeholders in adaptive 16 
management, associated monitoring, and other program elements that depend on 17 
landowner support and participation would be substantially reduced because of the absence 18 
of the anticipated regulatory certainty provided by take authorization.  As a result, there 19 
would be reduced public funding for the non-regulatory elements of the program and the 20 
ability to modify the rules over time, largely limited by statute only to modifications based 21 
on scientific research, would be substantially reduced. 22 

No Action Alternative 1-Scenario 2:  Under No Action Alternative 1-Scenario 2, no ITPs 23 
or take authorization would be issued and the Washington State Legislature would allow 24 
the Forest Practices Board to repeal the current State rules, adopting in their place, the less-25 
protective rules that were in effect on January 1, 1999.  The amount of collaboration and 26 
participation among Forests and Fish stakeholders in the adaptive management program, 27 
associated monitoring, and other program elements that depend on landowner support and 28 
participation would be substantially reduced because of the lack of the anticipated 29 
regulatory certainty provided by take authorization.  Furthermore, the “roll-back” of 30 
regulations to the less-protective January 1, 1999 rules would result in even-more 31 
reductions in stakeholder participation and support for the program from levels anticipated 32 
in No Action Alternative 1-Scenario 1.  The reduced support would result in reduced 33 
public funding.  No Action Alternative 1-Scenario 2 would signify the end of the current 34 
Washington Forest Practices Rules (i.e., Forests and Fish Rules). 35 

Alternative 2 36 

Under Alternative 2, the Services would issue ITPs to the State of Washington, based on 37 
implementation of the proposed statewide Forest Practices Habitat Conservation Plan 38 
(FPHCP).  The FPHCP incorporates the current Washington Forest Practices Rules (which 39 
are based on the Forests and Fish Report and became effective in July 2001).  The State is 40 
seeking an ITP from each of the Services, each for a term of 50 years.  Because of greater 41 
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regulatory certainty with the ITPs, stakeholder support and participation and public 1 
funding for adaptive management, associated monitoring, and other program elements that 2 
depend on landowner support and voluntary participation and public funding would 3 
continue. 4 

The Services have determined that Alternative 2 is the preferred alternative because it 5 
meets the Purpose and Need for action and will fulfill the Services’ statutory missions and 6 
responsibilities under ESA to conserve listed species. 7 

Alternative 3 8 

Under Alternative 3, the Services would not issue ITPs, but NMFS would make necessary 9 
findings under its existing 4(d) rule to provide authorization for take of threatened salmon 10 
and steelhead addressed by the rule when the take was incidental to forest practices 11 
described in the conservation plan.  USFWS would adopt new 4(d) rules to provide similar 12 
incidental take authorization for bull trout.  Take authorization under this alternative would 13 
not apply to endangered species or to species that may be listed in the future.  Take 14 
authorization would not have a specific term and could be terminated under procedures 15 
provided in the relevant 4(d) rule, or by revocation of the rule itself.  Because of these 16 
limitations on regulatory certainty, reduced stakeholder participation and support, 17 
especially for public funding of adaptive management and other program elements, would 18 
not be sufficient to fully implement the non-regulatory elements of the program.  19 

Alternative 4 20 

Under Alternative 4, the Services would issue ITPs to the State of Washington, based on 21 
implementation of a statewide FPHCP.  The FPHCP would incorporate a set of Forest 22 
Practices Rules that are more protective than the current rules (which are based on the 23 
Forests and Fish Report and became effective in July 2001).  The State is seeking ITPs 24 
from both of the Services, each for a term of 50 years.  Alternative 4 would require action 25 
by the Washington State Legislature or a court order to initiate additional rule-making by 26 
the Forest Practices Board to increase protective measures in the rules.  Because 27 
landowners would likely believe that the rules under Alternative 4 are overly protective, 28 
there would be substantially less stakeholder support and participation and public funding 29 
for adaptive management, associated monitoring, and other program elements that depend 30 
on landowner support and voluntary participation and public funding.  However, because 31 
the rules likely would create less biological uncertainty, there is reduced need for an 32 
adaptive management program under this alternative.  33 

ANTICIPATED IMPACTS 34 

The anticipated environmental impacts associated with these alternatives are summarized 35 
in Table S-1 and are described in detail in Chapters 4 and 5. 36 

Environmentally Preferred Alternative 37 

The Services have identified Alternative 2 as the environmentally preferred alternative 38 
because it provides the most long-term protection and conservation for riparian and aquatic 39 
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habitat for covered species.  Under Alternative 2, riparian and aquatic habitat conservation 1 
measures are substantially improved as compared to Alternative 1 (No Action) Scenario 2.  2 
The Services expect the Adaptive Management Program under Alternative 2 to have the 3 
most participation by Forests and Fish stakeholders as compared with all other alternatives.  4 
The Services also expect the Adaptive Management Program to receive the most State and 5 
other funding under Alternative 2 as compared with all other alternatives.  Further, the 6 
Services expect that under Alternative 2 landowners would be less likely to convert their 7 
forestlands to other, non-forestry uses that would take those lands out of the FPHCP 8 
covered land base as compared to Alternative 1 (No Action) Scenario 1, Alternative 3, and 9 
Alternative 4.  For all of these reasons, the Services have determined that Alternative 2 is 10 
the environmentally preferred alternative. 11 
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives. 
NOTE:  No Action means that no Incidental Take Permits (ITP) or 4(d) take authorization would be issued.  This lack of action could affect the Washington Forest Practices Rules in a way that is difficult to predict, and a range of outcomes could result.  
Therefore, two scenarios, which represent the endpoints of the reasonable range of possible outcomes for the Washington Forest Practices Rules, have been defined - see Chapter 2, subsection 2.3.1, Alternative 1 (No Action).  Endpoints for this range of 
outcomes are referred to as Alternative 1-Scenario 1 and Alternative 1-Scenario 2.  The effects of No Action are described in terms of these endpoints, but the actual outcome of effects is likely to fall somewhere in-between these two scenarios. 

Criteria 

No Action Alternative 1-Scenario 1 
(Current Washington Forest Practices 
Rules remain in effect with adaptive 

management, funding, and stakeholder 
collaboration degrading over time) 

No Action Alternative 1-Scenario 2 
(Revert back to the Washington Forest 

Practices Rules in effect on January 1, 1999 
with substantial reduction in adaptive 

management, funding, and stakeholder 
collaboration) 

Alternative 2 
(ITPs issued – current Washington Forest 

Practices Rules remain in effect with a 
fully funded adaptive management 
program and strong stakeholder 

collaboration) 

Alternative 3 
(Endangered Species Act, Section 4(d) Rules 

applied-current Washington State Forest 
Practices Rules remain in effect with some 

adaptive management, funding, and stakeholder 
collaboration) 

Alternative 4 
(ITPs issued, more restrictive Washington 
Forest Practices Rules in effect; adaptive 
management directed by the Washington 

Forest Practices Board) 
Adaptive Management 

Adaptive Management 

The effectiveness of adaptive management 
under Alternative 1-Scenario 1 would likely 
be only slightly higher than under Alternative 
1-Scenario 2 due to reduced stakeholder 
participation and a resulting reduction in 
contributed resources and funding for 
implementation.   

Adaptive management under Alternative 1-
Scenario 2 would likely have lower 
effectiveness than under Alternative 1-
Scenario 1.  There would be a lack of 
stakeholder participation and support for 
public funding. 

Alternative 2 would result in full potential of 
adaptive management effectiveness due to 
robust participation and support by 
stakeholders and collaborators.  The 
effectiveness of adaptive management would 
be higher under Alternative 2 than under 
Alternative 1-Scenario 1 and substantially 
higher than under Alternative 1-Scenario 2. 

The effectiveness of adaptive management under 
Alternative 3 would be higher than under 
Alternative 1-Scenario 1 and substantially higher 
than under Alternative 1-Scenario 2.  Participation 
and support of stakeholders in adaptive 
management would be higher under Alternative 3 
than Alternative 1-Scenarios 1 and 2.   

Under Alternative 4 the effectiveness of 
adaptive management would be similar to 
Alternative 1-Scenario 1, but more effective 
than Alternative 1-Scenario 2, due to a lack of 
priorities, unknown funding, and uncertain 
decision-making at the conclusion of research 
efforts from low stakeholder participation.   

NOTE:  From this point forward, the reader should keep in mind the differences in the effectiveness of adaptive management over time, among the alternatives, due to stakeholder participation and funding.  These differences will have resource effects, over 
time.  Refer to subsection 4.1.5, Adaptive Management, for a full description. 
Land Ownership and Use  

RMZ Lands with Use 
Restrictions 

Total RMZ area on western Washington 
private, city, and county lands would be 
higher than Alternative 1-Scenario 2 at 
approximately 1,322,000 acres.  Total RMZ 
area on eastern Washington State, private, 
city, and county lands would also be higher 
than Alternative 1-Scenario 2 at 
approximately 374,000 acres. 

Total RMZ area on western Washington 
private, city, and county lands would be lower 
than Alternative 1-Scenario 1 at 
approximately 631,000 acres.  Total RMZ 
area on eastern Washington State, private, and 
county lands would also be lower than 
Alternative 1-Scenario 1 at approximately 
196,000 acres. 

Similar to Alternative 1-Scenario 1, the total 
RMZ area on affected lands under Alternative 
2 would be higher than Alternative 1-Scenario 
2 at approximately 1,322,000 acres in western 
Washington and 374,000 in eastern 
Washington.   

Similar to Alternative 1-Scenario 1, the total RMZ 
area on affected lands under Alternative 3 would 
be higher than Alternative 1-Scenario 2 at 
approximately 1,322,000 acres in western 
Washington and 374,000 in eastern Washington.   

Total RMZ area on affected lands under 
Alternative 4 would be higher than Alternative 
1-Scenarios 1 and 2 at approximately 2,695,000 
acres in western Washington and 871,000 in 
eastern Washington.   

Conversion of Non-Industrial 
Private Forestland to other 
Uses 

Conversion rates under Alternative 1-
Scenario 1 would be higher than Alternative 
1-Scenario 2 because of the greater economic 
impact on forest landowners and reduced 
funding for small landowner financial 
compensation programs. 

Conversion rates would be lower under 
Alternative 1-Scenario 2 than Alternative 1-
Scenario 1 because of the lesser economic 
impact on forest landowners due to narrower 
and fewer RMZ requirements. 

Conversion rates under Alternative 2 may be 
only slightly higher than Alternative 1-
Scenario 2 because of funding for small 
landowner financial compensation programs.  
Conversion rates would be lower compared 
with Alternative 1-Scenario 1 because of the 
regulatory certainty gained from ITPs issued.   

Conversion rates under Alternative 3 would be 
lower compared to Alternative 1-Scenario 1 due to 
4(d) take authorization, some regulatory certainty, 
and some amount of funding for small landowner 
financial compensation programs.  Conversion 
rates would be higher than Alternative 1-Scenario 
2 because there is no long-term regulatory certainty 
provided by 4(d) take authorization for the wider 
RMZs that would be required.   

Conversion rates under Alternative 4 would be 
higher than either Alternative 1-Scenario 1 or 
Scenario 2 due to greater economic impacts on 
forest landowners from wider RMZ 
requirements, unstable slope buffers, RMAP 
schedule requirements, limits on road densities, 
and other restrictions. 

Air Quality 

Air Pollution from Harvest, 
Road Construction, and Fire 
Emissions from Wildfire and 
Prescribed Burning 

Alternative 1-Scenario 1 would likely result 
in less timber harvest than Alternative 1-
Scenario 2 and therefore would be expected 
to result in slightly less air pollution and 
slightly higher levels of wildfire emissions 
due to a higher likelihood of wildfire. 

Compared to Alternative 1-Scenario 1, 
Alternative 1-Scenario 2 would cause slightly 
higher levels of air pollution and slightly 
lower wildfire emissions due to higher levels 
of timber harvest and a lower likelihood of 
wildfire. 

Alternative 2 would result in similar levels of 
air pollution as Alternative 1-Scenario 1 and 
slightly lower levels of air pollution compared 
to Alternative 1- Scenario 2 due to a lower 
level of timber harvest under Alternative 2 
and slightly higher levels of wildfire 
emissions due to a higher likelihood of 
wildfire.   

Alternative 3 would result in similar levels of air 
pollution as Alternative 1-Scenario 1 and slightly 
lower levels of air pollution compared to 
Alternative 1- Scenario 2 due to a lower level of 
timber harvest under Alternative 3 and slightly 
higher levels of wildfire emissions due to a higher 
likelihood of wildfire.   

Alternative 4 would likely result in slightly 
lower amounts of air pollution from timber 
harvest and higher wildfire emissions due to 
lower timber harvests and a higher likelihood of 
wildfire than either Alternative 1-Scenario 1 or 
Scenario 2.   

Geology, Soils, and Erosional Processes 

Road Surface Erosion 

Alternative 1-Scenario 1 would provide more 
protection from road surface erosion than 
Alternative 1-Scenario 2 because of wider 
RMZs, RMAPS, improved BMPs, and better 
unstable slope protection. 

Alternative 1-Scenario 2 would provide less 
protection from road surface erosion than 
Alternative 1-Scenario 1 because of narrower 
RMZs, less protective BMPs, and because 
RMAPs would be required only on a case-by-
case basis and for some Watershed Analysis 
prescriptions. 

Alternative 2 would provide a similar level of 
protection from road surface erosion as 
Alternative 1-Scenario 1.  Like Alternative 1-
Scenario 1, Alternative 2 would have wider 
RMZs, more protective BMPS, and require 
RMAPs as opposed to Alternative 1-Scenario 
2. 

Alternative 3 would provide a similar level of 
protection from road surface erosion as Alternative 
1-Scenario 1.  Like Alternative 1-Scenario 1, 
Alternative 2 would have wider RMZs, more 
protective BMPS, and require RMAPs as opposed 
to Alternative 1-Scenario 2. 

Alternative 4 would provide substantially more 
protection than Alternative 1-Scenario 2, and 
somewhat more protection than Alternative 1-
Scenario 1, from road surface erosion because 
Alternative 4 would have wider RMZs, a cap 
on road density, and a reduced time schedule 
for RMAP implementation. 
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Hillslope Erosion Related to 
Timber Harvest1/ 

Alternative 1-Scenario 1 would result in a 
low likelihood of sediment delivery from 
hillslope erosion as compared to Alternative 
1-Scenario 2.  This alternative would provide 
close to full protection from hillslope erosion 
on Type S and F streams, due to wider 
RMZs, more protective BMPS, and RMAPs.  
There would be significantly less hillslope 
erosion, as compared to Alternative 1-
Scenario 2 on Type N streams due to RMZs 
and Equipment Limitation Zones. 

Alternative 1-Scenario 2 would result in a 
high likelihood of hillslope erosion entering 
streams, as compared with Alternative 1-
Scenario 1, due to narrower, less abundant 
RMZs and the lack of RMZs and Equipment 
Limitation Zones on Type N streams.   

Alternative 2 would provide similar 
protection from hillslope sediment as 
Alternative 1-Scenario 1.  The result would be 
a low likelihood of sediment delivery from 
hillslope erosion as compared to Alternative 
1-Scenario 2.  Alternative 2 would provide 
close to full protection from hillslope erosion 
on Type S and F streams, due to wider RMZs, 
more protective BMPS, and RMAPs.  There 
would be significantly less hillslope erosion, 
as compared to Alternative 1-Scenario 2 on 
Type N streams due to RMZs and Equipment 
Limitation Zones. 

Alternative 3 would provide similar 
protection from hillslope sediment as 
Alternative1-Scenario 1.  The result would be 
a low likelihood of sediment delivery from 
hillslope erosion as compared to Alternative 
1-Scenario 2.  Alternative 3 would provide 
close to full protection from hillslope erosion 
on Type S and F streams due to wider RMZs, 
more protective BMPS, and RMAPs.  There 
would be significantly less hillslope erosion, 
as compared to Alternative 1-Scenario 2 on 
Type N streams due to RMZs and Equipment 
Limitation Zones. 

Alternative 4 would result in full protection 
from hillslope erosion compared with 
Alternative 1-Scenario 1 that would provide 
close to full protection and Alternative 1-
Scenario 2 that provide substantially less 
protection.  Alternative 4 would result in full 
protection due to wider and continuous RMZs 
on all streams.  

Road-related Landslides 

Compared to Alternative 1-Scenario 2, 
Alternative 1-Scenario 1 would result in a 
low likelihood of road related landslides 
because of wider RMZs, more protective 
BMPS, and RMAPs. 

Alternative 1-Scenario 2 would result in a 
high likelihood of road related landslides as 
compared to Alternative 1-Scenario 1 because 
of narrower RMZs, less protective BMPs, and 
RMAPs would only be required on a case-by-
case basis and for some Watershed Analysis 
prescriptions.   

Alternative 2 would provide similar 
protection as Alternative 1-Scenario 1 and 
would result in a low likelihood of road 
related landslides as compared to Alternative 
1-Scenario 2 because of wider RMZs, more 
protective BMPS, RMAPs, and training 
programs for identifying potentially unstable 
slopes. 

Alternative 3 would provide similar 
protection as Alternative 1-Scenario 1 and 
would result in a low likelihood of road 
related landslides as compared to Alternative 
1-Scenario 2 because of wider RMZs, more 
protective BMPS, RMAPs, and training 
programs for identifying potentially unstable 
slopes. 

Alternative 4 would be substantially more 
protective than Alternative 1-Scenario 2 and 
somewhat more protective than Alternative 1-
Scenario 1 for limiting road-related landslides 
because of a cap on road densities for large 
landowners, wider RMZs, more protective 
BMPs, a reduced time schedule for RMAPs, 
and a broader definition of potentially 
unstable slopes. 

Landslides Related to Timber 
Harvest 

Alternative 1-Scenario 1 would result in more 
protection of landslides related to timber 
harvest compared with Alternative 1-
Scenario 2 because of wider RMZs, 
protective BMPs, and a more refined 
screening process for identifying unstable 
slopes.  

Alternative 1-Scenario 2 would result in less 
protection of landslides related to timber 
harvest than Alternative 1-Scenario 1 because 
of narrower and fewer RMZs, and the 
unstable slope screening process would be 
less robust. 

Alternative 2 would result in substantially 
more protection than Alternative 1-Scenario 2 
and somewhat more protection than 
Alternative 1-Scenario 1 for landslides related 
to timber harvest because of wider RMZs, 
more protective BMPs, and a more refined 
screening process for unstable slopes, 
including a training program.  

Alternative 3 would result in substantially 
more protection than Alternative 1-Scenario 2 
and somewhat more protection than 
Alternative 1-Scenario 1 for landslides related 
to timber harvest because of wider RMZs, 
more protective BMPs, and a more refined 
screening process for unstable slopes, 
including a training program.   

Alternative 4 would be more protective than 
Alternative 1-Scenarios 1 and 2 for limiting 
landslides related to timber harvest because of 
wider RMZs on all streams, more protective 
BMPs, and a broader definition of potentially 
unstable slopes. 

Bank Stability 

Alternative 1-Scenario 1 would provide 
complete protection of streambank stability 
on fish-bearing streams and more protection 
along non-fish-bearing streams compared to 
Alternative 1-Scenario 2.  The increased 
protection is due to wider RMZs, Equipment 
Limitation Zones, and incidental protection 
through improved unstable slope screening, 
leave tree requirements, and protection of 
sensitive sites. 

Alternative 1-Scenario 2 would have a low 
likelihood of adversely affecting streambank 
stability along fish-bearing streams because 
of selective harvest close to the streambank, 
as compared to Alternative 1-Scenario 1 that 
would provide complete protection of 
streambank stability.  Alternative 1-Scenario 
2 would provide little to no protection of bank 
stability along non-fish-bearing streams 
because of minimal RMZs in these areas 
compared with Alternative 1-Scenario 1.  

Similar to Alternative 1-Scenario 1, 
Alternative 2 would offer complete protection 
of streambank stability on fish-bearing 
streams and more protection along non-fish-
bearing streams compared to Alternative 1-
Scenario 2.  The increased protection is due to 
wider RMZs, Equipment Limitation Zones, 
and incidental protection through improved 
unstable slope screening, leave tree 
requirements, and protection of sensitive 
sites. 

Similar to Alternative 1-Scenario 1, 
Alternative 3 would offer complete protection 
of streambank stability on fish-bearing 
streams and more protection along non-fish-
bearing streams compared to Alternative 1-
Scenario 2.  The increased protection is due to 
wider RMZs, Equipment Limitation Zones, 
and incidental protection through improved 
unstable slope screening, leave tree 
requirements, and protection of sensitive 
sites. 

Alternative 4 would offer more protection for 
all streams as compared to Alternative 1-
Scenarios 1 and 2 due to wider RMZs along 
all streams, and a broader definition of 
unstable slopes. 

Water Resources 

Effects on Water Temperature 

Alternative 1-Scenario 1 would have a low 
likelihood of increasing stream temperatures 
compared to Alternative 1-Scenario 2 due to 
wider RMZs on all fish-bearing streams and 
some non fish-bearing streams.   

Alternative 1-Scenario 2 has a low to 
moderate likelihood of increasing stream 
temperatures compared to Alternative 1-
Scenario 1 due to narrower and less abundant 
RMZs. 

Like Alternative 1-Scenario 1, Alternative 2 
would have a low likelihood of increasing 
stream temperatures compared to Alternative 
1-Scenario 2 due to wider RMZs.   

Like Alternative 1-Scenario 1, Alternative 3 
would have a low likelihood of increasing 
stream temperatures compared to Alternative 
1-Scenario 2 due to wider RMZs.   

Alternative 4 would have a lower likelihood 
than either Alternative 1-Scenario 1 or 2 of 
increasing stream temperatures due to wider 
RMZs along all stream types.   

 

                                                      
1/ See Appendix B, Riparian Modeling and Assumptions, for a description of EBAI values. 
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Effects on Sediment-related to 
Water Quality 

Alternative 1-Scenario 1 would be more 
protective than Alternative 1-Scenario 2 for 
limiting water quality problems related to 
sedimentation because of wider RMZs, 
Channel Migration Zones, Equipment 
Limitation Zones, RMAPs, and greater 
environmental review of potentially unstable 
slopes. 

Alternative 1-Scenario 2 would be less 
protective than Alternative 1-Scenario 1 for 
limiting water quality problems related to 
sedimentation because of narrower RMZs, 
and the lack of RMAPs except on a case-by-
case basis and for some Watershed Analysis 
prescriptions. 

Similar to Alternative 1-Scenario 1, 
Alternative 2 would be more protective than 
Alternative 1-Scenario 2 for limiting water 
quality problems related to sedimentation 
because of wider RMZs, Channel Migration 
Zones, Equipment Limitation Zones, RMAPs, 
and greater environmental review of 
potentially unstable slopes. 

Similar to Alternative 1-Scenario 1, 
Alternative 3 would be more protective than 
Alternative 1-Scenario 2 for limiting water 
quality problems related to sedimentation 
because of wider RMZs, Channel Migration 
Zones, Equipment Limitation Zones, RMAPs, 
and greater environmental review of 
potentially unstable slopes. 

Alternative 4 would be more protective than 
either Alternative 1-Scenario 1 or 2 for 
limiting water quality problems related to 
sedimentation because of wider RMZs, a 
shorter time schedule for RMAPs, and a cap 
on road density. 

Effects on Contaminant Levels 

Alternative 1-Scenario 1 would provide more 
protection of water from contaminants than 
Alternative 1-Scenario 2, due to wider RMZs, 
improved BMPs, and variable chemical 
buffer widths based on conditions and 
application equipment to reduce pesticide 
drift to streams.  Alternative 1-Scenario 1 is 
expected to result in similar but slightly less 
impact to groundwater aquifers as compared 
to Alternative 1-Scenario 2. 

Alternative 1-Scenario 2 would provide less 
protection of water from contaminants than 
Alternative 1-Scenario 1 due to narrower 
RMZs and less explicit BMPs.  Surface 
waters could be contaminated by pesticides 
under this Alternative.  However, Alternative 
1-Scenario 2 is not expected to result in 
substantial impacts on aquifers.   

Like Alternative 1-Scenario 1, Alternative 2 
would provide more protection of water from 
contaminants than Alternative 1-Scenario 2, 
due to wider RMZs, improved BMPs, and 
variable chemical buffer widths based on 
conditions and application equipment to 
reduce pesticide drift to streams.  Like 
Alternative 1-Scenario 1, Alternative 2 is 
expected to result in similar but slightly less 
impact to groundwater aquifers as compared 
to Alternative 1-Scenario 2. 

Like Alternative 1-Scenario 1, Alternative 3 
would provide more protection of water from 
contaminants than Alternative 1-Scenario 2, 
due to wider RMZs, improved BMPs, and 
variable chemical buffer widths based on 
conditions and application equipment to 
reduce pesticide drift to streams.   Like 
Alternative 1-Scenario 1, Alternative 3 is 
expected to result in similar but slightly less 
impact to groundwater aquifers as compared 
to Alternative 1-Scenario 2. 

Alternative 4 would provide more protection 
of water from contaminants than either 
Alternative 1-Scenario 1 or 2 due to wider 
RMZs, improved BMPs, wider chemical 
buffer widths on all streams including dry 
streambeds.  Groundwater impacts from 
pesticide use under Alternative 4 are expected 
to be nearly identical to impacts under 
Alternative 1-Scenario 1. 

Timber Harvest Influence on 
Peak Flows 

Alternative 1-Scenario 1 would have a 
slightly lower effect on peak flows as 
compared to Alternative 1-Scenario 2 
because of wider RMZs on more streams.  

Alternative 1-Scenario 2 would have a 
moderate likelihood of increased peak flows 
as compared to Alternative 1-Scenario 1 
because of narrower RMZs on less streams. 

Like Alternative 1-Scenario 1, Alternative 2 
could have a slightly lower effect on peak 
flows as compared to Alternative 1-Scenario 
2 because of wider RMZs on more streams. 

Like Alternative 1-Scenario 1, Alternative 3 
could have a slightly lower effect on peak 
flows as compared to Alternative 1-Scenario 
2 because of wider RMZs on more streams.   

Alternative 4 would provide more protection 
from potential management effects related to 
peak flows than either Alternative 1-Scenario 
1 or 2.  Unique to Alternative 4 would be a 
landscape rule requiring a minimum of two-
thirds of lands by ownership be maintained as 
hydrologically mature forest within watershed 
rain-on-snow zones larger than 1,000 acres.  
Additionally, a new eastside hydrology 
module would be developed as part of 
Watershed Analysis.   

Road Influence on Peak Flows 

Compared to Alternative 1-Scenario 2, 
Alternative 1-Scenario 1 would reduce the 
road surface drainage and the potential of 
road influences on peak flows due to revised 
road BMPs, additional RMZ requirements, 
and RMAPs.  

Compared to Alternative 1-Senario 1, 
Alternative 1-Scenario 2 would likely 
increase the road surface drainage and the 
potential of road influences on peak flows 
because RMAPs would only be required on a 
case-by-case basis, which would likely result 
in delays in fixing road problems, thus 
affecting peak flows over time. 

Alternative 2 would have a similar protection 
level to Alternative 1- Scenario 1.  Compared 
to Alternative 1-Scenario 2, Alternative 2 
would reduce the road surface drainage and 
the potential of road influences on peak flows 
due to revised road BMPs, additional RMZ 
requirements, and RMAPs. 

Alternative 3 would have a similar protection 
level to Alternative 1- Scenario 1.  Compared 
to Alternative 1-Scenario 2, Alternative 3 
would reduce the road surface drainage and 
the potential of road influences on peak flows 
due to revised road BMPs, additional RMZ 
requirements, and RMAPs. 

Alternative 4 would be less likely than either 
Alternative 1-Scenario 1 or 2 to have an effect 
on peak flows because there would be no net 
increase in roads for large landowners and a 
shorter time schedule for RMAPs.  

Vegetation 

Effects on Riparian Vegetation 

Alternative 1-Scenario 1 would be less likely 
than Alternative 1-Scenario 2 to negatively 
affect riparian vegetation due to wider RMZs.  
Alternative 1-Scenario 1 would likely result 
in 20 percent of covered lands on the 
westside of the State developing late-seral 
forest characteristics and 9 percent on the 
eastside of the State.   

Alternative 1-Scenario 2 would be more 
likely than Alternative 1-Scenario 1 to 
negatively affect riparian vegetation due to 
narrower RMZs.  Alternative 1-Scenario 2 
would likely result in 9 percent of covered 
lands on the westside of the State developing 
late-seral forest characteristics and 5 percent 
on the eastside of the State.   

Like Alternative 1-Scenario 1, Alternative 2 
would be less likely than Alternative 1-
Scenario 2 to negatively affect riparian 
vegetation due to wider RMZs and would 
result in 20 percent of covered lands on the 
westside of the State developing late-seral 
forest characteristics and 9 percent on the 
eastside of the State.   

Like Alternative 1-Scenario 1, Alternative 3 
would be less likely than Alternative 1-
Scenario 2 to negatively affect riparian 
vegetation due to wider RMZs and would 
result in 20 percent of covered lands on the 
westside of the State developing late-seral 
forest characteristics and 9 percent on the 
eastside of the State.   

Alternative 4 would be less likely than either 
Alternative 1-Scenario 1 or 2 to negatively 
affect riparian vegetation due to wider RMZs, 
resulting in 41 percent of covered lands on the 
westside of the State developing late-seral 
forest characteristics and 25 percent on the 
eastside of the State.   
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Effects on Wildfire 

Alternative 1-Scenario 1 may slightly 
increase the short-term fire potential 
compared with Alternative 1-Scenario 2 due 
to wider RMZs, thus increasing the area with 
standing trees and snags adjacent to harvest 
slash.  

Alternative 1-Scenario 2 would result in a 
reduced, short-term fire potential compared 
with Alternative 1-Scenario 1 due to narrower 
RMZs, thus more harvest and reduced areas 
with standing trees and snags adjacent to 
harvest slash.  

Similar to Alternative 1-Scenario 1, 
Alternative 2 may slightly increase the short-
term fire potential from Alternative 1-
Scenario 2 due to wider RMZs, thus 
increasing the area with standing trees and 
snags adjacent to harvest slash.   

Similar to Alternative 1-Scenario 1, 
Alternative 3 may slightly increase the short-
term fire potential from Alternative 1-
Scenario 2 due to wider RMZs, thus 
increasing the area with standing trees and 
snags adjacent to harvest slash.   

The short- and long-term potential of wildfire 
under Alternative 4 would be higher than 
either Alternative 1-Scenario 1 or 2 due to 
wider RMZs, thus increasing the area with 
standing trees and snags adjacent to harvest 
slash. 

Effects on Threatened, 
Endangered, and Species of 
Concern (TES) Plants 

Under Alternative 1-Scenario 1, TES plants 
would receive some incidental protection 
from wider RMZs and sensitive site and 
unstable slope protections compared with 
Alternative 1-Scenario 2.   

Alternative 1-Scenario 2 would result in less 
protection for TES plants than Alternative 1-
Scenario 1 because of narrower RMZs and 
less protection for sensitive sites and unstable 
slopes.   

Similar to Alternative 1-Scenario 1, 
Alternative 2 would result in some incidental 
protection for TES plants from wider RMZs 
and sensitive site and unstable slope 
protections compared with Alternative 1-
Scenario 2.   

Similar to Alternative 1-Scenario 1, 
Alternative 3 would result in some incidental 
protection for TES plants from wider RMZs 
and sensitive site and unstable slope 
protections compared with Alternative 1-
Scenario 2.   

Alternative 4 would provide more protection 
than either Alternative 1-Scenario 1 or 2 due 
to wider RMZs on all streams. 

Riparian Processes 

Effects on Large Woody 
Debris (LWD) Recruitment 

Alternative 1-Scenario 1 would provide more 
LWD recruitment than Alternative 1-
Scenario 2 due to wider RMZs on fish-
bearing streams and additional RMZs on non-
fish-bearing streams, protection of Channel 
Migration Zones, and fewer roads in the 
RMZs.   

Alternative 1-Scenario 2, would provide less 
LWD recruitment than Alternative 1-Scenario 
1, due to narrower RMZs on fish-bearing 
streams, minimal to no RMZs on non-fish-
bearing streams, allowable harvest within the 
RMZs, and potentially more roads in the 
RMZs. 

Alternative 2 would provide similar LWD 
recruitment as Alternative 1-Scenario 1 and 
more LWD recruitment than Alternative 1-
Scenario 2 due to wider RMZs on fish-
bearing streams and additional RMZs on non-
fish-bearing streams, protection of Channel 
Migration Zones, and fewer roads in the 
RMZs.   

Alternative 3 would provide similar LWD 
recruitment as Alternative 1-Scenario 1 and 
more LWD recruitment than Alternative 1-
Scenario 2 due to wider RMZs on fish-
bearing streams and additional RMZs on non-
fish-bearing streams, protection of Channel 
Migration Zones, and fewer roads in the 
RMZs.   

Alternative 4 would provide more LWD 
recruitment than either Alternative 1-Scenario 
1 or 2 due to wider and more continuous 
RMZs, and protection of Channel Migration 
Zones, Channel Disturbance Zones, and 
Beaver Habitat Zones. 

Effects on Stream Shade 

Alternative 1-Scenario 1 would provide more 
shade than Alternative 1-Scenario 2 due to 
wider RMZs on fish-bearing streams and 
additional RMZs on non-fish-bearing 
streams, protection of Channel Migration 
Zones, and fewer roads in the RMZs.   

Alternative 1-Scenario 2 would provide less 
shade than Alternative 1-Scenario 1 due to 
narrower RMZs on fish-bearing streams, 
allowable harvest within the RMZs, lack of 
RMZs on non-fish-bearing streams, and 
potentially more roads in the RMZs. 

Alternative 2 would provide similar shade as 
Alternative 1-Scenario 1 and more shade than 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams and additional RMZs 
on non-fish-bearing streams, protection of 
Channel Migration Zones, and fewer roads in 
the RMZs. 

Alternative 3 would provide similar shade as 
Alternative1-Scenario 1 and more shade than 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams and additional RMZs 
on non-fish-bearing streams, protection of 
Channel Migration Zones, and fewer roads in 
the RMZs. 

Alternative 4 would provide more shade than 
either Alternative 1-Scenario 1 or 2 due to 
wider and more abundant RMZs, and 
protection of Channel Migration Zones, 
Channel Disturbance Zones, and Beaver 
Habitat Zones. 

Effects on Leaf and Needle 
Litter Production 

Alternative 1-Scenario 1 would provide more 
leaf and needle litter production than 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams and additional RMZs 
on non-fish-bearing streams, protection of 
Channel Migration Zones, and fewer roads in 
the RMZs.   

Alternative 1-Scenario 2 would provide less 
leaf and needle litter production than 
Alternative 1-Scenario 1 due to narrower 
RMZs on fish-bearing streams, allowable 
harvest within the RMZs, lack of RMZs on 
non-fish-bearing streams, and potentially 
more roads in the RMZs.  

Alternative 2 would provide similar leaf and 
needle litter production as Alternative 1-
Scenario 1 and more litter production than 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams and additional RMZs 
on non-fish-bearing streams, protection of 
Channel Migration Zones, and fewer roads in 
the RMZs. 

Alternative 3 would provide similar leaf and 
needle litter production as Alternative 1-
Scenario 1 and more litter production than 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams and additional RMZs 
on non-fish-bearing streams, protection of 
Channel Migration Zones, and fewer roads in 
the RMZs. 

Alternative 4 would provide more leaf and 
needle litter production than either 
Alternative 1-Scenario 1 or 2 due to wider 
and more abundant RMZs, and protection of 
Channel Migration Zones, Channel 
Disturbance Zones, and Beaver Habitat 
Zones.  

Effects on Microclimate 

Unlike Alternative 1-Scenario 2, Alternative 
1-Scenario 1 would maintain the 
microclimate along fish-bearing streams in 
Site Class II and III areas due to wider 
RMZs.  Protection would be less than full 
along fish-bearing Site Class I, IV, and V 
streams and on Type N streams but would 
still be higher than the protection provided by 
Alternative 1-Scenario 2 along these same 
streams.   

Alternative 1-Scenario 2 would likely result 
in moderate to high impacts to microclimate 
along all streams due to narrower RMZs 
compared with Alternative 1-Scenario 1.  
Specifically, the results would likely be 
higher air temperatures and reduced humidity 
than found under Alternative 1-Scenario 1.   

Similar to Alternative 1-Scenario 1, 
Alternative 2 would maintain the 
microclimate along fish-bearing streams in 
Site Class II and III areas due to wider RMZs, 
unlike Alternative 1-Scenario 2.  Similar to 
Alternative 1-Scenario 1, protection would be 
less than full along fish bearing Site Class I, 
IV, and V streams and on Type N streams but 
would still be higher than the protection 
provided by Alternative 1-Scenario 2 along 
these same streams.   

Similar to Alternative 1-Scenario 1, 
Alternative 3 would maintain the 
microclimate along fish-bearing streams in 
Site Class II and III areas due to wider RMZs, 
unlike Alternative 1-Scenario 2.  Similar to 
Alternative 1- Scenario 1 protection would be 
less than full along fish bearing Site Class I, 
IV, and V streams and on Type N streams but 
would still be higher than the protection 
provided by Alternative 1-Scenario 2 along 
these same streams.   

Alternative 4 would provide more protection 
of microclimate than either Alternative 1-
Scenario 1 or 2 due to wider RMZs. 
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Bank Stability 

Alternative 1-Scenario 1 would offer 
complete protection of streambank stability 
on fish-bearing streams and more protection 
along non-fish-bearing streams compared to 
Alternative 1-Scenario 2.  The increased 
protection is due to wider RMZs and 
Equipment Limitation Zone requirements and 
incidental protection through improved 
unstable slope screening, leave tree 
requirements, and protection of sensitive 
sites. 

Alternative 1-Scenario 2 has the potential, 
though it is low, to adversely affect 
streambank stability along fish-bearing 
streams as compared to Alternative 1-
Scenario 1 because selective harvest would be 
allowed close to the streambank.  Alternative 
1-Scenario 2 would provide little to no 
protection of bank stability along non-fish-
bearing streams because of minimal RMZs in 
these areas. 

Similar to Alternative 1-Scenario 1, 
Alternative 2 would offer complete protection 
of streambank stability on fish-bearing 
streams and more protection along non-fish-
bearing streams compared to Alternative 1-
Scenario 2.  The increased protection is due to 
wider RMZs and Equipment Limitation Zone 
requirements and incidental protection 
through improved unstable slope screening, 
leave tree requirements, and protection of 
sensitive sites. 

Similar to Alternative 1-Scenario 1, 
Alternative 3 would offer complete protection 
of streambank stability on fish-bearing 
streams and more protection along non-fish-
bearing streams compared to Alternative 1-
Scenario 2.  The increased protection is due to 
wider RMZs and Equipment Limitation Zone 
requirements and incidental protection 
through improved unstable slope screening, 
leave tree requirements, and protection of 
sensitive sites. 

Alternative 4 would offer more protection for 
all streams compared to either Alternative 1-
Scenario 1 or 2 due to wider RMZs along all 
streams, and a broader definition of unstable 
slopes. 

Sediment Filtration 

Alternative 1-Scenario 1 would be more 
protective than Alternative 1-Scenario 2 for 
limiting fine sediment delivery to streams 
because of wider RMZs, RMAPs and greater 
unstable slope protection.   

Alternative 1-Scenario 2 would be less 
protective compared with Alternative 1-
Scenario 1 for limiting fine sediment delivery 
to streams because of narrower RMZs, and 
the lack of RMAP requirements, except on a 
case-by-case basis and for some Watershed 
Analysis prescriptions.   

Similar to Alternative 1-Scenario 1, 
Alternative 2 would be more protective than 
Alternative 1-Scenario 2 for limiting fine 
sediment delivery to streams because of wider 
RMZs, RMAPs, and greater unstable slope 
protection.   

Similar to Alternative 1-Scenario 1, 
Alternative 3 would be more protective than 
Alternative 1-Scenario 2 for limiting fine 
sediment delivery to streams because of wider 
RMZs, RMAPs, and greater unstable slope 
protection.   

Alternative 4 would be substantially more 
protective than Alternative 1-Scenario 2 and 
somewhat more protective than Alternative 1-
Scenario 1 for limiting fine sediment delivery 
to streams because of wider RMZs, a reduced 
time schedule for RMAP implementation, a 
cap on road density and more restrictive 
unstable slope screening and thus protection. 

Wetlands 

Effects on Non-forested 
Wetlands 

Alternative 1-Scenario 1 would provide 
levels of protection to non-forested wetlands 
similar to Alternative 1-Scenario 2.  
However, Alternative 1-Scenario 1 could 
protect more wetlands adjacent to streams 
because of wider RMZs and the protection of 
Channel Migration Zones than Alternative 1-
Scenario 2. 

Alternative 1-Scenario 2 would provide levels 
of protection to non-forested wetlands similar 
to Alternative 1-Scenario 1.  However, 
Alternative 1-Scenario 2 could provide less 
protection to wetlands adjacent to streams 
because of narrower RMZs and Channel 
Migration Zones would generally not be 
protected. 

Alternative 2 would provide levels of 
protection to non-forested wetlands similar to 
Alternative 1-Scenarios 1 and 2.  However, 
Alternative 2 could protect more wetlands 
adjacent to streams because of wider RMZs 
and the protection of Channel Migration 
Zones than Alternative 1-Scenario 2. 

Alternative 3 would provide levels of 
protection to non-forested wetlands similar to 
Alternative 1-Scenarios 1 and 2.  However, 
Alternative 3 could protect more wetlands 
adjacent to streams because of wider RMZs 
and the protection of Channel Migration 
Zones than Alternative 1-Scenario 2. 

Alternative 4 would provide more protection 
to non-forested wetlands than either 
Alternative 1-Scenario 1 or 2 because a new 
wetland classification system would be 
adopted, and wider wetland management 
zones would be applied.  In addition wider 
RMZs and the protection of Channel 
Migration Zones could capture and protect 
more wetlands that fall within them.  

Effects on Forested Wetlands 
 

As with Alternative 1-Scenario 2, Alternative 
1-Scenario 1 would generally not protect 
forested wetlands, though restrictions may 
apply in some instances.  However, 
Alternative 1-Scenario 1 would protect more 
forested wetlands within the wider RMZs and 
Channel Migration Zones than Alternative 1-
Scenario 2.   

As with Alternative 1-Scenario 1, Alternative 
1-Scenario 2 would generally not protect 
forested wetlands.  However, Alternative 1-
Scenario 2 would protect less forested 
wetlands within the narrower RMZs and also 
due to no protection of Channel Migration 
Zones compared with Alternative 1-Scenario 
1. 

As with either Alternative 1-Scenario 1 or 2, 
Alternative 2 would generally not protect 
forested wetlands, though restrictions may 
apply in some instances.  However, 
Alternative 2, similar to Alternative 1-
Scenario 1, would protect more forested 
wetlands within the wider RMZs and Channel 
Migration Zones than Alternative 1-Scenario 
2. 

As with either Alternative 1-Scenario 1 or 2, 
Alternative 3 would generally not protect 
forested wetlands, though restrictions may 
apply in some instances.  However, 
Alternative 3, similar to Alternative 1-
Scenario 1, would protect more forested 
wetlands within the wider RMZs and Channel 
Migration Zones than Alternative 1-Scenario 
2.  

Alternative 4 would provide more protection 
of forested wetlands than either Alternative 1-
Scenario 1 or 2 due to a 100-foot managed 
Wetland Management Zone on forested 
wetlands and the retention of 70 percent of 
canopy closure, understory vegetation, snags, 
and non-merchantable trees within the 
forested wetland.   

Fish and Fish Habitat 

Effects of Coarse Sediment on 
Fish Habitat 

Alternative 1-Scenario 1 would result in more 
protection of fish habitat from coarse 
sediment than Alternative 1-Scenario 2 
because of wider RMZs, BMPs would be 
substantially strengthened, RMAPs would be 
required, and there would be a more refined 
screening process for identifying unstable 
slopes. 

Alternative 1-Scenario 2 would result in less 
protection of fish habitat from coarse 
sediment than Alternative 1-Scenario 1 
because of narrower RMZs, BMPs would not 
be adequate to address road construction and 
placement, and RMAPs would only be 
required on a case-by-case basis and for some 
Watershed Analysis prescriptions. 

Alternative 2 would provide similar levels of 
protection as Alternative 1-Scenario 1 and 
would result in more protection of fish habitat 
from coarse sediment than Alternative 1-
Scenario 2 because of wider RMZs, BMPs 
would be substantially strengthened, RMAPs 
would be required, and there would be a more 
refined screening process for identifying 
unstable slopes.  Also, training programs 
would be implemented for identifying 
potentially unstable slopes. 

Alternative 3 would provide similar levels of 
protection as Alternative 1-Scenario 1 and 
would result in more protection of fish habitat 
from coarse sediment than Alternative 1-
Scenario 2 because of wider RMZs, BMPs 
would be substantially strengthened, RMAPs 
would be required, and there would be a more 
refined screening process for identifying 
unstable slopes. 

Alternative 4 would result in more protection 
of fish habitat from introduction of coarse 
sediment than either Alternative 1-Scenario 1 
or 2 because potentially unstable slopes 
would be more broadly defined and wider 
RMZs would occur on all fish-bearing and 
non-fish-bearing streams. 
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Effects of Fine Sediment on 
Fish Habitat 

Alternative 1-Scenario 1 would result in 
substantially less fine sediment delivery to 
fish-bearing streams than Alternative 1-
Scenario 2 because of wider RMZs, BMPs 
would be substantially strengthened, and 
RMAPs would be required.   

Alternative 1-Scenario 2 would result in 
substantially more fine sediment delivery to 
fish-bearing streams than Alternative 1-
Scenario 1 because of narrower RMZs, and 
RMAPs would not be required, except on a 
case-by-case basis and for some Watershed 
Analysis prescriptions.   

Alternative 2 would be similar to Alternative 
1-Scenario 1 in substantially reducing the 
amount of fine sediment delivery to fish-
bearing streams compared to Alternative 1-
Scenario 2 because of wider RMZs, BMPs 
would be substantially strengthened, RMAPs 
would be required, and there would be 
unstable slope training programs. 

Alternative 3 would be similar to Alternative 
1-Scenario 1 in substantially reducing fine 
sediment delivery to fish-bearing streams 
compared to Alternative 1-Scenario 2 because 
of wider RMZs, BMPs would be substantially 
strengthened, and RMAPs would be required. 

Alternative 4 would result in more protection than 
either Alternative 1-Scenario 1 or 2 in reducing fine 
sediment delivery to fish-bearing streams because of 
wider RMZs, the requirement that there would be no 
net increase in roads for large landowners, a reduced 
time schedule for RMAPs implementation (than 
Alternative 1-Scenario 1), and a broader definition of 
potentially unstable slopes. 

Effects of Hydrology on Fish 
Habitat (Peak Flows) 

Alternative 1-Scenario 1 would provide more 
protection than Alternative 1-Scenario 2 
against peak flow increases due to wider 
RMZs, and the protection of Channel 
Migration Zones, sensitive sites, and unstable 
slopes.   

Alternative 1-Scenario 2 would provide less 
protection than Alternative 1-Scenario 1 
against peak flow increases due to narrower 
RMZs and no protection of Channel 
Migration Zones, and less protection of 
sensitive sites or unstable slopes.  Under this 
Alternative, protection against peak flows 
would occur through Watershed Analysis or 
by limiting the size of clearcuts in rain-on-
snow zones.   

Alternative 2 would be similar to Alternative 
1-Scenario 1 in providing more protection 
than Alternative 1-Scenario 2 against peak 
flow increases due to wider RMZs, and the 
protection of Channel Migration Zones, 
sensitive sites, and unstable slopes.   

Alternative 3 would be similar to Alternative 
1-Scenario 1 in providing more protection 
than Alternative 1-Scenario 2 against peak 
flow influences due to wider RMZs, and the 
protection of Channel Migration Zones, 
sensitive sites, and unstable slopes.   

Alternative 4 would result in more protection than 
either Alternative 1-Scenario 1 or 2 against peak flow 
increases due to wider RMZs, a cap on road density, a 
landscape rule with minimum requirements for 
hydrological maturity in rain-on-snow zones, and a 
new eastside hydrology module to be part of 
Watershed Analysis.  

Effects of Large Woody Debris 
(LWD) on Fish Habitat  

Alternative 1-Scenario 1 would provide more 
opportunity for LWD recruitment than 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams, additional RMZs on 
non-fish-bearing streams, protection of 
Channel Migration Zones, and fewer roads in 
the RMZs.   

Alternative 1-Scenario 2 would provide less 
opportunity for LWD recruitment than 
Alternative 1-Scenario 1 due to narrower 
RMZs on fish-bearing streams, allowable 
harvest within the RMZs, lack of RMZs on 
non-fish-bearing streams, and potentially 
more roads in the RMZs. 

Alternative 2 would provide similar 
opportunity for LWD recruitment as 
Alternative 1-Scenario 1 and more 
opportunity for LWD recruitment than 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams, additional RMZs on 
non-fish-bearing streams, protection of 
Channel Migration Zones, and fewer roads in 
the RMZs.   

Alternative 3 would provide similar 
opportunity for LWD recruitment as 
Alternative 1-Scenario 1 and more 
opportunity for LWD recruitment than 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams, additional RMZs on 
non-fish-bearing streams, protection of 
Channel Migration Zones, and fewer roads in 
the RMZs.   

Alternative 4 would provide more opportunity for 
LWD recruitment than Alternative 1-Scenario 1, and 
substantially more than Alternative 1-Scenario 2, due 
to wider and more abundant RMZs, and the protection 
of Channel Migration Zones, Channel Disturbance 
Zones, and Beaver Habitat Zones 

Effects of Leaf and Needle 
Litter Recruitment on Fish 
Habitat 

Alternative 1-Scenario 1 would provide more 
leaf and needle litter production that is 
beneficial to fish habitat than Alternative 1-
Scenario 2 due to wider RMZs on fish-
bearing streams and additional RMZs on non-
fish-bearing streams, the protection of 
Channel Migration Zones, and fewer roads in 
the RMZs.   

Alternative 1-Scenario 2 would provide less 
leaf and needle litter production that is 
beneficial to fish habitat than Alternative 1-
Scenario 1 due to narrower RMZs on fish-
bearing streams, allowable harvest within the 
RMZs, lack of RMZs on non-fish-bearing 
streams, and potentially more roads in the 
RMZs.  

Alternative 2 would provide similar 
protection for leaf and needle litter production 
that is beneficial to fish habitat as Alternative 
1-Scenario 1, and more litter production than 
Alternative 1-Scenario 2, due to wider RMZs 
on fish-bearing streams, additional RMZs on 
non-fish-bearing streams, the protection of 
Channel Migration Zones, and fewer roads in 
the RMZs.   

Alternative 3 would provide similar 
protection for leaf and needle litter production 
that is beneficial to fish habitat as Alternative 
1-Scenario 1, and more litter production than 
Alternative 1-Scenario 2, due to wider RMZs 
on fish-bearing streams, additional RMZs on 
non-fish-bearing streams, the protection of 
Channel Migration Zones, and fewer roads in 
the RMZs.   

Alternative 4 would provide more leaf and needle 
litter protection that is beneficial to fish habitat than 
Alternative 1-Scenario 1, and substantially more than 
Alternative 1-Scenario 2, due to wider and more 
abundant RMZs, and the protection of Channel 
Migration Zones, Channel Disturbance Zones, and 
Beaver Habitat Zones.   

Effects on Floodplains, Off-
Channel Areas, and Hyporheic 
Zone 

Alternative 1-Scenario 1 would provide a 
higher level of protection than Alternative 1-
Scenario 2 for floodplains, off-channel areas, 
and hyporheic zones, and thus, fish habitat, 
due to wider RMZs and the protection of 
Channel Migration Zones. 

Alternative 1-Scenario 2 would provide less 
protection than Alternative 1-Scenario 2 for 
floodplains, off-channel areas, and hyporheic 
zones, and thus, fish habitat, than Alternative 
1-Scenario 1 due to narrower RMZs and no 
protection for Channel Migration Zones.   

Alternative 2 would provide a similar level of 
protection for floodplains, off-channel areas, 
and hyporheic zones, and thus, fish habitat, as 
Alternative 1-Scenario 1 and a higher level of 
protection than Alternative 1-Scenario 2 due 
to wider RMZs and the protection of Channel 
Migration Zones. 

Alternative 3 would provide a similar level of 
protection for floodplains, off-channel areas, 
and hyporheic zones, and thus, fish habitat, as 
Alternative 1-Scenario 1 and a higher level of 
protection than Alternative 1-Scenario 2 due 
to wider RMZs and the protection of Channel 
Migration Zones. 

Alternative 4 would provide more protection for 
floodplains, off-channel areas, and hyporheic zones, 
and thus, fish habitat, than either Alternative 1-
Scenario 1 or 2 due to wider and more abundant 
RMZs, and the additional protection to Beaver Habitat 
Zones and Channel Disturbance Zones.  

Lakes, Reservoirs, and 
Nearshore Marine 
Environments 

Alternative 1-Scenario 1 would provide more 
protection of fish habitat relative to lake, 
reservoir, and nearshore marine environments 
than Alternative 1-Scenario 2 due to higher 
LWD recruitment potential and full sediment 
filtration from wider RMZs.  

Alternative 1-Scenario 2 would provide less 
protection of fish habitat relative to lake, 
reservoir, and nearshore marine environments 
than Alternative 1-Scenario 1 due to lower 
LWD recruitment potential and less sediment 
filtration from narrower RMZs.  

Alternative 2 would provide similar 
protection of fish habitat relative to lake, 
reservoir, and nearshore marine environments 
as Alternative 1-Scenario 1, and more 
protection than Alternative 1-Scenario 2, due 
to higher LWD recruitment potential and full 
sediment filtration from wider RMZs.  

Alternative 3 would provide similar 
protection of fish habitat relative to lake, 
reservoir, and nearshore marine environments 
as Alternative 1-Scenario 1, and more 
protection than Alternative 1-Scenario 2, due 
to higher LWD recruitment potential and full 
sediment filtration from wider RMZs. 

Alternative 4 would provide more protection of fish 
habitat relative to lake, reservoir, and nearshore 
marine environments than either Alternative 1-
Scenario 1 or 2 due to higher LWD recruitment 
potential and full sediment filtration from wider 
RMZs.  Also, a reduced time schedule for RMAPs, a 
cap on road density, and better unstable slope 
protection would reduce sediment potential.   
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Effects of Water Temperature 
on Fish 

Alternative 1-Scenario 1 would provide more 
shade than Alternative 1-Scenario 2 due to wider 
RMZs on fish-bearing streams, additional RMZs 
on non-fish-bearing streams, the protection of 
Channel Migration Zones, and fewer roads in the 
RMZs.   

Alternative 1-Scenario 2 would provide less 
shade than Alternative 1-Scenario 1 due to 
narrower RMZs on fish-bearing streams, 
allowable harvest within the RMZs, a lack of 
RMZs on non-fish-bearing streams, and 
potentially more roads in the RMZs. 

Alternative 2 would provide similar protection 
for shade as Alternative 1-Scenario 1, and more 
shade than Alternative 1-Scenario 2, due to 
wider RMZs on fish-bearing streams, additional 
RMZs on non-fish-bearing streams, the 
protection of Channel Migration Zones, and 
fewer roads in the RMZs.   

Alternative 3 would provide similar shade 
protection as Alternative 1-Scenario 1, and 
more protection than Alternative 1-Scenario 2, 
due to wider RMZs on fish-bearing streams, 
additional RMZs on non-fish-bearing streams, 
the protection of Channel Migration Zones, 
and fewer roads in the RMZs.   

Alternative 4 would provide more shade 
protection than either Alternative 1-
Scenario 1 or 2 due to wider and more 
abundant RMZs on all streams, and the 
protection of Channel Migration Zones, 
Channel Disturbance Zones, and Beaver 
Habitat Zones. 

Effects of Forest Chemicals on 
Fish 

Alternative 1-Scenario 1 would provide more 
protection of fish habitat from forest chemicals 
than Alternative 1-Scenario 2 due wider RMZs, 
improved BMPs, and variable chemical 
application buffer widths based on conditions and 
application equipment to reduce pesticide drift to 
streams. 

Alternative 1-Scenario 2 would provide less 
protection of fish habitat from forest 
chemicals than Alternative 1-Scenario 1 due to 
narrower RMZs and less explicit BMPs.  
Surface waters could be contaminated by 
pesticides under this Alternative.   

Alternative 2 would provide similar protection 
of fish habitat from forest chemicals as 
Alternative 1-Scenario 1, and more protection 
than Alternative 1-Scenario 2, due to wider 
RMZs, improved BMPs, and variable chemical 
buffer widths based on conditions and 
application equipment to reduce pesticide drift 
to streams. 

Alternative 3 would provide similar protection 
of fish habitat from forest chemicals as 
Alternative 1-Scenario 1, and more protection 
than Alternative 1-Scenario 2, due to wider 
RMZs, improved BMPs, and variable 
chemical buffer widths based on conditions 
and application equipment to reduce pesticide 
drift to streams. 

Alternative 4 would provide more 
protection of fish habitat from forest 
chemicals than either Alternative 1-
Scenario 1 or 2 due to wider RMZs on all 
streams, improved BMPs, and wider 
chemical buffer widths on all streams 
including dry streambeds.   

Effects on Fish Passage 

Alternative 1-Scenario 1 would provide more 
protection of fish passage than Alternative 1-
Scenario 2 because of wider RMZs, a new stream 
typing model to identify fish habitat streams, and 
because RMAPs would be required, which would 
provide for systematic upgrading of non-
functioning culverts that impede passage.   

Fish passage would receive less protection 
under Alternative 1-Scenario 2 than under 
Alternative 1-Scenario 1 because RMAPs are 
not required, which means there is no 
systematic upgrade of non-functioning 
culverts that impede passage.  Also, the stream 
typing system could misclassify fish habitat as 
non-fish habitat. 

Alternative 2 would provide similar protection 
of fish passage as Alternative 1-Scenario 1, and 
would provide more protection than Alternative 
1-Scenario 2, because of wider RMZs, a new 
stream typing model to identify fish habitat 
streams, and because RMAPs would be 
required, which would provide for systematic 
upgrading of non-functioning culverts that 
impede passage.   

Alternative 3 would provide similar protection 
of fish passage as Alternative 1-Scenario 1, 
and would provide more protection than 
Alternative 1-Scenario 2, because of wider 
RMZs, a new stream typing model to identify 
fish habitat streams, and because RMAPs 
would be required, which would provide for 
systematic upgrading of non-functioning 
culverts that impede passage.   

Alternative 4 would provide more 
protection of fish passage than either 
Alternative 1-Scenario 1 or 2 due to wider 
RMZs, a new stream typing model that 
would better protect fish habitat, and 
because RMAPs would be completed 5 
years earlier than under Alternative 1-
Scenario 1.  

Amphibians and Other Wildlife 

Effects on Amphibians 
Microhabitat Variables 

Unlike Alternative 1-Scenario 2, Alternative 1-
Scenario 1 would provide full amphibian 
microhabitat protection along fish-bearing streams 
in Site Class II and III areas, and would come 
close to providing full microhabitat protection in 
Site Class I, IV, and V areas due to wider RMZs 
on fish-bearing streams.  On Type N streams, 
protection would be less than optimal but would 
provide more than Alternative 1-Scenario 2 due to 
RMZs on some non-fish-bearing streams.   

Alternative 1-Scenario 2 would provide less 
amphibian microhabitat protection than 
Alternative 1-Scenario 1 due to narrower 
RMZs on fish-bearing streams and a lack of 
RMZs on non-fish-bearing streams. 

Alternative 2 would maintain similar 
microhabitat protection as Alternative 1-
Scenario 1, and more protection compared to 
Alternative 1-Scenario 2, due to wider RMZs 
on fish-bearing streams and RMZs on some 
non-fish-bearing streams.  

Alternative 3 would maintain similar 
microhabitat protection as Alternative 1-
Scenario 1, and more protection compared to 
Alternative 1-Scenario 2, due to wider RMZs 
on fish-bearing streams and RMZs on some 
non-fish-bearing streams. 

Alternative 4 would provide more 
protection microhabitat protection than 
Alternative 1-Scenario 1 and substantially 
more than Alternative 1-Scenario 2 due to 
wider RMZs on all streams.  

Effects on Unique Amphibian 
Habitats 

Under Alternative 1-Scenario 1, wider RMZs on 
fish-bearing streams, additional RMZs on Type N 
streams, and sensitive site buffers would provide 
more protection for unique amphibian habitats 
than Alternative 1-Scenario 2.   

Alternative 1-Scenario 2 would provide less 
protection of unique amphibian habitats 
compared with Alternative 1-Scenario 1 due to 
narrower RMZs on fish-bearing streams, a 
lack of RMZs on non-fish-bearing streams, 
and no sensitive site buffers.  

Alternative 2 would provide similar protection 
of unique amphibian habitats as Alternative 1-
Scenario 1, and more protection than 
Alternative 1-Scenario 2, due to wider RMZs 
on fish-bearing streams, additional RMZs on 
Type N streams, and sensitive site buffers.   

Alternative 3 would provide similar protection 
of unique amphibian habitats as Alternative 1-
Scenario 1, and more protection than 
Alternative 1-Scenario 2, due to wider RMZs 
on fish-bearing streams, additional RMZs on 
Type N streams, and sensitive site buffers.   

Alternative 4 would provide more 
protection of unique amphibian habitats 
than Alternative 1-Scenario 1, and 
substantially more protection than 
Alternative 1-Scenario 2, due to wider 
RMZs on all streams and the protection of 
Beaver Habitat Zones and Channel 
Disturbance Zones. 

Effects on Birds, Mammals, 
and Other Wildlife 

Alternative 1-Scenario 1 would be more likely 
than Alternative 1-Scenario 2 to provide habitat 
for birds, mammals, and other wildlife due to 
wider RMZs on fish-bearing streams, additional 
RMZs on non-fish-bearing streams, and the 
protection of Channel Migration Zones.   

Alternative 1-Scenario 2 would be less likely 
than Alternative 1-Scenario 1 to provide 
habitat for birds, mammals, and other wildlife 
due to narrower RMZs on fish-bearing streams 
and a lack of RMZs on non-fish-bearing 
streams. 

Similar to Alternative 1-Scenario 1, Alternative 
2 would be more likely than Alternative 1-
Scenario 2 to provide habitat for birds, 
mammals, and other wildlife due to wider 
RMZs on fish-bearing streams, additional 
RMZs on non-fish-bearing streams, and the 
protection of Channel Migration Zones.   

Similar to Alternative 1-Scenario 1, 
Alternative 3 would be more likely than 
Alternative 1-Scenario 2 to provide habitat for 
birds, mammals, and other wildlife due to 
wider RMZs on fish-bearing streams, 
additional RMZs on non-fish-bearing streams, 
and the protection of Channel Migration 
Zones.   

Alternative 4 would provide more habitat 
for birds, mammals, and other wildlife 
than Alternative 1-Scenario 1, and 
substantially more than Alternative 1-
Scenario 2, due to wider RMZs on all 
streams and the protection of Beaver 
Habitat Zones and Channel Disturbance 
Zones. 
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Recreation 

Recreation in RMZ Areas 

Compared to Alternative 1-Scenario 2, 
Alternative 1-Scenario 1 would result in more 
opportunities for recreation in RMZs due to a 
reduction in future timber harvest levels that 
would likely maintain or increase the quality 
of recreational experiences in riparian areas 
(estimated 1,696,000 acres in RMZs on 
affected lands). 

Alternative 1-Scenario 2 would result in less 
opportunities for recreation in RMZs than 
Alternative 1-Scenario 1 due to fewer riparian 
acres that would be maintained in RMZs 
(estimated 827,000 acres in RMZs on affected 
lands) that would likely decrease the quality 
of recreational experiences in these areas. 

Alternative 2 would provide similar 
opportunities for recreation as Alternative 1-
Scenario 1, and more opportunities than 
Alternative 1-Scenario 2, due to a reduction in 
future timber harvest levels that would likely 
maintain or increase the quality of 
recreational experiences in riparian areas 
(estimated 1,696,000 acres in RMZs on 
affected lands). 

Alternative 3 would provide similar 
opportunities for recreation as Alternative 1-
Scenario 1, and more opportunities than 
Alternative 1-Scenario 2, due to a reduction in 
future timber harvest levels that would likely 
maintain or increase the quality of 
recreational experiences in riparian areas 
(estimated 1,696,000 acres in RMZs on 
affected lands). 

Alternative 4 would likely maintain or 
increase opportunities for recreation in 
riparian areas compared with either 
Alternative 1-Scenario 1 or 2 due to the 
amount of riparian acres maintained in RMZs.  
Alternative 4 would have an estimated 
3,553,000 acres in RMZs on affected lands. 

Effects of Land Conversion on 
Recreation 

Alternative 1-Scenario 1 would likely result 
in more conversions of forestland than 
Alternative 1-Scenario 2 due to more 
restrictions on timber harvest and no 
regulatory certainty.  Therefore, Alternative 
1-Scenario 1 would also have a higher 
potential for recreational impacts from 
conversions than Alternative 1-Scenario 2.   

Alternative 1-Scenario 2 would likely result 
in a less conversions of forestland than 
Alternative 1-Scenario 1 due to fewer 
restrictions on timber harvest.  Therefore, 
Alternative 1-Scenario 2 would likely result 
in less recreational impacts from conversions 
than Alternative 1-Scenario 1. 

Alternative 2 would result in slightly more 
conversions of forestland than Alternative 1-
Scenario 2 due to more restrictions on timber 
harvest.  Alternative 2 would result in less 
conversions than Alternative 1-Scenario 1 due 
to regulatory certainty.  Therefore, 
Alternative 2 would have slightly more of an 
impact on recreation than Alternative 1-
Scenario 2 and less of an impact than 
Alternative 1-Scenario 1. 

Alternative 3 would result in slightly more 
conversions of forestland than Alternative 1-
Scenario 2 due to more restrictions on timber 
harvest.  Alternative 2 would result in less 
conversions than Alternative 1-Scenario 1 due 
to regulatory certainty.  Therefore, 
Alternative 3 would have slightly more of an 
impact on recreation than Alternative 1-
Scenario 2 and less of an impact than 
Alternative 1-Scenario 1. 

Alternative 4 would likely result in more 
conversions of forestland than either 
Alternative 1-Scenario 1 or 2 due to more 
restrictions on timber harvest.  Therefore, 
Alternative 4 would likely result in more 
recreational impacts from conversions than 
either Alternative 1-Scenario 1 or 2.  

Effects of Fish Population on 
Recreation 

Alternative 1-Scenario 1 would provide more 
protection of fish habitat than Alternative 1-
Scenario 2 due to wider RMZs on fish-
bearing streams, additional RMZs on non-
fish-bearing streams, and the protection of 
Channel Migration Zones.  Therefore, 
recreational fishing opportunities would 
improve under Alternative 1-Scenario 1 
compared with Alternative 1-Scenario 2. 

Alternative 1-Scenario 2 would provide less 
protection of fish habitat than Alternative 1-
Scenario 1 due to narrower RMZs on fish-
bearing streams, a lack of RMZs on non-fish-
bearing streams, and limited protection of 
Channel Migration Zones.  Therefore, 
recreational fishing opportunities would 
decline under Alternative 1-Scenario 2 
compared with Alternative 1-Scenario 1. 

Similar to Alternative 1-Scenario 1, 
Alternative 2 would provide more protection 
of fish habitat than Alternative 1-Scenario 2 
due to wider RMZs on fish-bearing streams, 
additional RMZs on non-fish-bearing streams, 
and the protection of Channel Migration 
Zones.  Therefore, recreational fishing 
opportunities under Alternative 2 would be 
similar to Alternative 1-Scenario 1 and would 
improve compared with Alternative 1-
Scenario 2. 

Similar to Alternative 1-Scenario 1, 
Alternative 3 would provide more protection 
of fish habitat than Alternative 1-Scenario 2 
due to wider RMZs on fish-bearing streams, 
additional RMZs on non-fish-bearing streams, 
and the protection of Channel Migration 
Zones.  Therefore, recreational fishing 
opportunities under Alternative 3 would be 
similar to Alternative 1-Scenario 1 and would 
improve compared with Alternative 1-
Scenario 2. 

Alternative 4 would provide more protection 
of fish habitat than either Alternative 1-
Scenario 1 or 2 due to wider RMZs on all 
streams and the protection of Channel 
Migration Zones, Beaver Habitat Zones, and 
Channel Disturbance Zones.  Therefore, 
recreational fishing opportunities would 
improve under Alternative 4 compared with 
either Alternative 1-Scenario 1 or 2. 

Visual Resources 

Effects of Harvest in RMZs on 
Visual Resources 

Alternative 1-Scenario 1 would improve 
visual resources in riparian areas compared 
with Alternative 1-Scenario 2 due to wider 
RMZs on fish-bearing streams, additional 
RMZs on non-fish-bearing streams, and the 
protection of Channel Migration Zones. 

Alternative 1-Scenario 2 would degrade 
visual resources in riparian areas compared 
with Alternative 1-Scenario 1 due to narrower 
RMZs on fish-bearing streams, a lack of 
RMZs on non-fish-bearing streams, and 
limited protection of Channel Migration 
Zones. 

As with Alternative 1-Scenario 1, Alternative 
2 would improve visual resources in riparian 
areas compared with Alternative 1-Scenario 2 
due to wider RMZs on fish-bearing streams, 
additional RMZs on non-fish-bearing streams, 
and the protection of Channel Migration 
Zones. 

As with Alternative 1-Scenario 1, Alternative 
3 would improve visual resources in riparian 
areas compared with Alternative 1-Scenario 2 
due to wider RMZs on fish-bearing streams, 
additional RMZs on non-fish-bearing streams, 
and the protection of Channel Migration 
Zones. 

Alternative 4 would improve visual resources 
in riparian areas compared with either 
Alternative 1-Scenario 1 or 2 due to wider 
RMZs on all streams and the protection of 
Channel Migration Zones, Beaver Habitat 
Zones, and Channel Disturbance Zones. 

Effects of Land Conversion on 
Visual Resources 

Alternative 1-Scenario 1 would likely result 
in a higher potential for visual resource 
impacts from conversions of forestland than 
Alternative 1-Scenario 2 due to a greater 
potential for conversions under Alternative 1-
Scenario 1 compared with Alternative 1-
Scenario 2.   

Alternative 1-Scenario 2 would likely result 
in a lower potential for visual resource 
impacts from conversions of forestland than 
Alternative 1-Scenario 1 due to a lower 
potential for conversions under Alternative 1-
Scenario 2 compared with Alternative 1-
Scenario 1. 

Alternative 2 would likely result in a lower 
potential for visual resource impacts from 
conversions of forestland than Alternative 1-
Scenario 1 due to a lower potential for 
conversions.  Alternative 2 would likely result 
in a greater potential for visual resource 
impacts from conversions than Alternative 1-
Scenario 2 due to a greater potential for 
conversions.   

Alternative 3 would likely result in a lower 
potential for visual resource impacts from 
conversions of forestland than Alternative 1-
Scenario 1 due to a lower potential for 
conversions.  Alternative 3 would likely result 
in a greater potential for visual resource 
impacts from conversions than Alternative 1-
Scenario 2 due to a greater potential for 
conversions.   

Alternative 4 would likely result in a higher 
potential for visual resource impacts from 
conversions of forestland than either 
Alternative 1-Scenario 1 or 2 due to a greater 
potential for conversions. 
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Cultural Resources 

Protection of Cultural 
Resources 

Alternative 1-Scenario 1 would have 
moderate incidental protection of 
undiscovered cultural resources compared to 
Alternative 1-Scenario 2 due to wider RMZs 
on fish-bearing streams, additional RMZs on 
non-fish-bearing streams, the protection of 
Channel Migration Zones, and a required 
cultural resources module for Watershed 
Analysis.   

Alternative 1-Scenario 2 would have very low 
incidental protection of undiscovered cultural 
resources compared to Alternative 1-Scenario 
1 due to narrower RMZs on fish-bearing 
streams, a lack of RMZs on non-fish-bearing 
streams, limited protection of Channel 
Migration Zones, and no required cultural 
resources module for Watershed Analysis. 

Similar to Alternative 1-Scenario 1, Alternative 2 
would have moderate incidental protection of 
undiscovered cultural resources compared to 
Alternative 1-Scenario 2 due to wider RMZs on 
fish-bearing streams, additional RMZs on non-fish-
bearing streams, the protection of Channel 
Migration Zones, and a required cultural resources 
module for Watershed Analysis.   

Similar to Alternative 1-Scenario 1, 
Alternative 3 would have moderate 
incidental protection of undiscovered 
cultural resources compared to Alternative 
1-Scenario 2 due to wider RMZs on fish-
bearing streams, additional RMZs on non-
fish-bearing streams, the protection of 
Channel Migration Zones, and a required 
cultural resources module for Watershed 
Analysis.   

Alternative 4 would provide higher incidental 
protection of undiscovered cultural resources 
than either Alternative 1-Scenario 1 or 2 due 
to wider RMZs on all streams and the 
protection of Channel Migration Zones, 
Beaver Habitat Zones, and Channel 
Disturbance Zones.  As with Alternative 1-
Scenario 1, a cultural resources module for 
Watershed Analysis would be required.   

Social and Economic Environment 

Lumber and Wood Products 
Employment 

Alternative 1-Scenario 1 would likely result 
in lower timber harvest levels than 
Alternative 1-Scenario 2, due to wider RMZs, 
resulting in an estimated loss of 3,000 direct 
jobs and $121 million in lost income. 

Alternative 1-Scenario 2 would likely result 
in higher timber harvest levels than 
Alternative 1-Scenario 1, due to narrower 
RMZs.  Therefore, the potential for lost jobs 
and income would be lower than under 
Alternative 1-Scenario 1. 

Similar to Alternative 1-Scenario 1, Alternative 2 
would likely result in lower timber harvest levels 
than Alternative 1-Scenario 2, due to wider RMZs, 
resulting in an estimated loss of 3,000 direct jobs 
and $121 million in lost income.   

Similar to Alternative 1-Scenario 1, 
Alternative 3 would likely result in lower 
timber harvest levels than Alternative 1-
Scenario 2, due to wider RMZs, resulting in 
an estimated loss of 3,000 direct jobs and 
$121 million in lost income.   

Timber harvest levels would be substantially 
lower under Alternative 4 compared to either 
Alternative 1-Scenario 1 or 2, due to wider 
RMZs, resulting in an estimated loss of 15,000 
jobs and $476 million in lost income.  

Recreational and Commercial 
Fishing Employment 

Alternative 1-Scenario 1 would result in 
greater recreational and commercial fishing 
opportunities than Alternative 1-Scenario 2 
due to increased fish habitat protection.   

Alternative 1-Scenario 2 would result in 
fewer recreational and commercial fishing 
opportunities than Alternative 1-Scenario 1 
due to less protection of fish habitat. 

Similar to Alternative 1-Scenario 1, Alternative 2 
would result in greater recreational and commercial 
fishing opportunities than Alternative 1-Scenario 2 
due to increased fish habitat protection.   

Similar to Alternative 1-Scenario 1, 
Alternative 3 would result in greater 
recreational and commercial fishing 
opportunities than Alternative 1-Scenario 2 
due to increased fish habitat protection.   

Compared with either Alternative 1-Scenario 1 
or 2, Alternative 4 would result in greater 
recreational and commercial fishing 
opportunities due to increased fish habitat 
protection.   

Natural Amenities (forested 
landscapes, availability of 
salmonids) and Quality of Life 

Alternative 1-Scenario 1 would result in more 
forested landscapes, higher salmonid 
populations, and a relative increase in natural 
amenities than Alternative 1-Scenario 2 due 
to more restrictions on timber harvest and 
thus, more protection of these amenities. 

Alternative 1-Scenario 2 would result in less 
forested landscapes, lower salmonid 
populations, and a relative decrease in natural 
amenities than Alternative 1-Scenario 2 due 
to fewer restrictions on timber harvest and 
thus, less protection of these amenities.   

As with Alternative 1-Scenario 1, Alternative 2 
would result in more forested landscapes, higher 
salmonid populations, and a relative increase in 
natural amenities than Alternative 1-Scenario 2 due 
to more restrictions on timber harvest and thus, 
more protection of these amenities. 

As with Alternative 1-Scenario 1, 
Alternative 3 would result in more forested 
landscapes, higher salmonid populations, 
and a relative increase in natural amenities 
than Alternative 1-Scenario 2 due to more 
restrictions on timber harvest and thus, 
more protection of these amenities. 

Alternative 4 would be result in more forested 
landscapes, higher salmonid populations, and 
a relative increase in natural amenities than 
either Alternative 1-Scenario 1 or 2 due to 
more restrictions on timber harvest and thus, 
more protection of these amenities. 

Non-Use2/ and Ecosystem 
Values3/  

Alternative 1-Scenario 1 would result in 
lower timber harvest levels than Alternative 
1-Scenario 2; therefore, non-use and 
ecosystem values would be higher under this 
Alternative than under Alternative 1-Scenario 
2.  

Alternative 1-Scenario 2 would result in 
higher timber harvest levels than Alternative 
1-Scenario 2; therefore, non-use and 
ecosystem values would be lower under this 
Alternative than under Alternative 1-Scenario 
1. 

Similar to Alternative 1-Scenario 1, timber harvest 
levels under Alternative 2 would be lower than 
Alternative 1-Scenario 2; therefore, non-use and 
ecosystem values would be higher under this 
Alternative than under Alternative 1-Scenario 2. 

Similar to Alternative 1-Scenario 1, timber 
harvest levels under Alternative 3 would be 
lower than Alternative 1-Scenario 2; 
therefore, non-use and ecosystem values 
would be higher under this Alternative than 
under Alternative 1-Scenario 2. 

Timber harvest levels under Alternative 4 
would be somewhat lower than Alternative 1-
Scenario 1 and substantially lower than 
Alternative 1-Scenario 2; therefore, non-use 
and ecosystem values would be higher under 
this Alternative than either Alternative 1-
Scenario 1 or 2. 

Environmental Justice4/ 

Alternative 1-Scenario 1 would result in 
greater availability of salmonids for tribal 
commercial, subsistence, and ceremonial use 
than Alternative 1-Scenario 2 due to 
increased protection of fish habitat. 

Alternative 1-Scenario 2 would result in less 
availability of salmonids for tribal, 
commercial, subsistence, and ceremonial use 
than Alternative 1-Scenario 1 due to less 
protection of fish habitat. 

Under Alternative 2, the availability of salmonids 
for tribal, commercial, subsistence, and ceremonial 
use would be similar to Alternative 1-Scenario 1, 
and would be greater than Alternative 1-Scenario 2 
due to increased protection of fish habitat. 

Under Alternative 3, the availability of 
salmonids for tribal, commercial, 
subsistence, and ceremonial use would be 
similar to Alternative 1-Scenario 1, and 
would be greater than Alternative 1-
Scenario 2 due to increased protection of 
fish habitat. 

Alternative 4 would result in greater 
availability of salmonids for tribal, 
commercial, subsistence, and ceremonial use 
than either Alternative 1-Scenario 1 or 2 due 
to increased protection of fish habitat. 

Cumulative Effects 

Air Quality 

Alternative 1-Scenario 1 would have a 
slightly lower contribution to cumulative air 
quality problems than Alternative 1-Scenario 
2 due to more restrictions on timber harvest. 

Alternative 1-Scenario 2 would have a 
slightly higher contribution to cumulative air 
quality problems than Alternative 1-Scenario 
1 due to fewer restrictions on timber harvest. 

Similar to Alternative 1-Scenario 1, Alternative 2 
would have a slightly lower contribution to 
cumulative air quality problems than Alternative 1-
Scenario 2 due to more restrictions on timber 
harvest. 

Similar to Alternative 1-Scenario 1, 
Alternative 2 would have a slightly lower 
contribution to cumulative air quality 
problems than Alternative 1-Scenario 2 due 
to more restrictions on timber harvest. 

Alternative 4 would have a substantially lower 
contribution to cumulative air quality 
problems than either Alternative 1-Scenario 1 
or 2 due to more restrictions on timber 
harvest. 

 
                                                      
2/ Non-use values represent the value that individuals assign to a resource independent of their use of the resource, including the value that individuals obtain from knowing that a resource exists for future use, or for future generations to inherit.        
3/ Ecosystem values are benefits provided by healthy ecosystems (e.g., soil stabilization and erosion control, improved air quality, carbon sequestration, biological diversity, etc.). 
4/ Negative effects on salmonid populations have the potential to disproportionately affect American Indians.   
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Table S-1. Summary and Comparison of the Environmental Effects of the Alternatives (continued). 

Criteria No Action Alternative 1-Scenario 1 No Action Alternative 1-Scenario 2 Alternative 2 Alternative 3 Alternative 4 

Land Ownership and Use 

Alternative 1-Scenario 1 would have a higher 
contribution to the cumulative effect of lands 
being converted to non-forest uses than 
Alternative 1-Scenario 2 due to more 
restrictions on timber harvest and no 
regulatory certainty. 

Alternative 1-Scenario 2 would have a lower 
contribution to the cumulative effect of lands 
being converted to non-forest uses than 
Alternative 1-Scenario 1 due to fewer 
restrictions on timber harvest. 

Alternative 2 would have a lower contribution 
to the cumulative effect of lands being 
converted to non-forest uses than Alternative 
1-Scenario 1 due to regulatory certainty.  
Alternative 2 would have a slightly higher 
contribution to the cumulative effect of lands 
being converted to non-forest uses than 
Alternative 1-Scenario 2 due to more 
restrictions on timber harvest. 

Alternative 3 would have a lower contribution 
to the cumulative effect of lands being 
converted to non-forest uses than Alternative 
1-Scenario 1 due to regulatory certainty.  
Alternative 3 would have a slightly higher 
contribution to the cumulative effect of lands 
being converted to non-forest uses than 
Alternative 1-Scenario 2 due to more 
restrictions on timber harvest. 

Alternative 4 would have a higher contribution to the 
cumulative effect of lands being converted to non-
forest uses than either Alternative 1-Scenario 1 or 2 
due to more restrictions on timber harvest.   

Aquatic Resources 

Alternative 1-Scenario 1 would have less 
contribution to the cumulative effects on 
water quality and peak flows compared to 
Alternative 1-Scenario 2 due to more 
restrictions on timber harvest. 

Alternative 1-Scenario 2 would have a greater 
contribution to the cumulative effects on 
water quality and peak flows compared to 
Alternative 1-Scenario 1 due to fewer 
restrictions on timber harvest. 

Similar to Alternative 1-Scenario 1, 
Alternative 2 would have less contribution to 
the cumulative effects on water quality and 
peak flows compared to Alternative 1-
Scenario 2 due to more restrictions on timber 
harvest. 

Similar to Alternative 1-Scenario 1, 
Alternative 3 would have less contribution to 
the cumulative effects on water quality and 
peak flows compared to Alternative 1-
Scenario 2 due to more restrictions on timber 
harvest. 

Alternative 4 would have less contribution to the 
cumulative effects on water quality and peak flows 
compared to either Alternative 1-Scenarios 1 or 2 due 
to more restrictions on timber harvest.  However, the 
low contribution could diminish over time due to a 
higher conversion rate of forestlands than either 
Alternative 1-Scenario 1 or 2. 
 

Fish and Fish Habitat 

Alternative 1-Scenario 1 would contribute 
more to the long-term recovery and 
conservation of listed species when added to 
other actions than Alternative 1-Scenario 2 
due to more restrictions on timber harvest. 

Alternative1-Sceanario 2 would contribute 
less to the long-term recovery and 
conservation of listed species when added to 
other actions than Alternative 1-Scenario 1 
due to fewer restrictions on timber harvest. 

Alternative 2 would contribute more to the 
long-term recovery and conservation of listed 
species when added to other actions than 
either Alternative 1-Scenarios 1 or 2 due to 
regulatory certainty. 

Alternative 3 would contribute more to the 
long-term recovery and conservation of listed 
species when added to other actions than 
either Alternative 1-Scenarios 1 or 2 due to 
regulatory certainty. 

Alternative 4 would contribute more to the long-term 
recovery and conservation of listed species than either 
Alternative 1-Scenario 1 or 2 due to more restrictions 
on timber harvest.  However, this contribution could 
diminish over time due to a higher conversion rate of 
forestlands than either Alternative 1-Scenario 1 or 2. 

Cumulative Watershed Effects 

The potential for cumulative watershed 
effects would be less likely under Alternative 
1-Scenario 1 than under Alternative 1-
Scenario 2 due to more restrictions on timber 
harvest. 

The potential for cumulative watershed 
effects would be more likely under 
Alternative 1-Scenario 2 than under 
Alternative 1-Scenario 1 due to fewer 
restrictions on timber harvest. 

Alternative 2 would have a lower potential for 
cumulative watershed effects than Alternative 
1-Scenario 1 due to regulatory certainty, and a 
substantially lower potential than Alternative 
1-Scenario 2 due to more restrictions on 
timber harvest. 

Alternative 3 would have a lower potential for 
cumulative watershed effects than Alternative 
1-Scenario 1 due to regulatory certainty, and a 
substantially lower potential than Alternative 
1-Scenario 2 due to more restrictions on 
timber harvest. 

Alternative 4 would have a reduced potential for 
cumulative watershed effects than either Alternative 
1-Scenario 1 or 2 due to more restrictions on timber 
harvest.  However, this could diminish over time due 
to a higher conversion rate of forestlands to non-forest 
uses. 

Vegetation and Wildlife 

Alternative 1-Scenario 1 would have a 
greater cumulative contribution to the 
protection of vegetation and thus, wildlife 
habitat, compared with Alternative 1-
Scenario 2 due to more restrictions on timber 
harvest. 

Alternative 1-Scenario 2 would have a lower 
cumulative contribution to the protection of 
vegetation and thus, wildlife habitat, 
compared with Alternative 1-Scenario 1 due 
to fewer restrictions on timber harvest. 

Similar to Alternative 1-Scenario 1, 
Alternative 2 would have a greater cumulative 
contribution to the protection of vegetation 
and thus, wildlife habitat, compared with 
Alternative 1-Scenario 2 due to more 
restrictions on timber harvest. 

Similar to Alternative 1-Scenario 1, 
Alternative 3 would have a greater cumulative 
contribution to the protection of vegetation 
and thus, wildlife habitat, compared with 
Alternative 1-Scenario 2 due to more 
restrictions on timber harvest. 

Alternative 4 would have a greater cumulative 
contribution to the protection of vegetation and thus, 
wildlife habitat, compared with either Alternative 1-
Scenario 1 or 2.  However, this could diminish over 
time due to a higher conversion rate of forestlands to 
non-forest uses.   

Economic and Social 

Alternative 1-Scenario 1 would slightly 
increase the downward trend in the forest 
products market as compared to Alternative 
1-Scenario 2 due to more restrictions on 
timber harvest.  Alternative 1-Scenario 1 
would result in improvements in fish habitat 
over time having a greater cumulative 
contribution to recreation and commercial 
fishing compared with Alternative 1-Scenario 
2. 

Alternative 1-Scenario 2 would have little 
effect on the downward trend in the forest 
products market as compared to Alternative 
1-Scenario 1 due to fewer restrictions on 
timber harvest.  Alternative 1-Scenario 2 
would result in few improvements in fish 
habitat over time having little cumulative 
contribution to recreation and commercial 
fishing compared with Alternative 1-Scenario 
1. 

Alternative 2 would have a similar effect on 
the downward trend in the forest products 
market as Alternative 1-Scenario 1 and a 
greater effect than Alternative 1-Scenario 2.  
As with Alternative 1-Scenario 1, Alternative 
2 would result in similar improvements in fish 
habitat over time having a greater cumulative 
contribution to recreation and commercial 
fishing compared with Alternative 1-Scenario 
2. 

Alternative 3 would have a similar effect on 
the downward trend in the forest products 
market as Alternative 1-Scenario 1 and a 
greater effect than Alternative 1-Scenario 2.  
As with Alternative 1-Scenario 1, Alternative 
3 would result in similar improvements in fish 
habitat over time having a greater cumulative 
contribution to recreation and commercial 
fishing compared with Alternative 1-Scenario 
2. 

Alternative 4 would have a substantially higher effect 
on the downward trend in the forest products market 
than either Alternative 1-Scenarios 1 or 2 due to more 
restrictions on timber harvest and a higher conversion 
rate of forestlands to non-forest uses.  Alternative 4 
would result in improvements in fish habitat over time 
having a greater cumulative contribution to recreation 
and commercial fishing compared with either 
Alternative 1-Scenario 1 or 2.  However, this could 
diminish over time due to a higher conversion rate of 
forestlands to non-forest uses. 
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1.1 INTRODUCTION 24 
The State of Washington (hereinafter referred to as the State) has submitted applications to 25 
the National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service 26 
(USFWS) (collectively referred to as the Services) for authorizations that would allow for 27 
otherwise-prohibited take of aquatic species under the Endangered Species Act (ESA).  28 
The applications are based on the Washington Forest Practices Rules and regulations 29 
presently governing forest practices on non-Federal and non-tribal land in Washington 30 
State.  The State is applying to the Services either for two separate Incidental Take Permits 31 
(ITPs) under ESA Section 10(a) (1) (B), or for slightly different types of qualification 32 
under ESA Section 4(d) “protective rules.” ESA Section 4(d) provides the Services 33 
discretion, through the Secretaries of Commerce and Interior, to develop protective 34 
regulations deemed necessary and advisable for the conservation of threatened species.  35 

1.1.1 Structure of the Endangered Species Act 36 
The “take” of a species listed by the Federal government as endangered is prohibited under 37 
Section 9 of the ESA. For species listed as threatened, the USFWS has an existing 38 
protective regulation that automatically extends the Section 9 take prohibition to threatened 39 
species when they are listed.  In contrast, NMFS uses rulemaking to extend the take 40 
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prohibition to threatened species after they are listed.  NMFS also uses the Section 4(d) 1 
rulemaking process to limit and define the extent of the take prohibition.  NMFS 2 
accomplishes this by describing specific programs that, although they might result in some 3 
harm, are found to contribute to the conservation of the affected species.  Similarly, 4 
USFWS uses Section 4(d) rulemaking to create exemptions to the extension of the take 5 
prohibition to specific threatened species. 6 

The term “take” is defined under the ESA to mean harass, harm, pursue, hunt, shoot, 7 
wound, kill, trap, capture, or collect, or to attempt to engage in any such conduct 8 
(16 United States Code 1532 [19]).  Harm is further defined by the USFWS to include 9 
significant habitat modification or degradation where it actually kills or injures wildlife by 10 
significantly impairing essential behavioral patterns, including breeding, feeding, and 11 
sheltering (50 Code of Federal Regulations (CFR 17.3)).  The NMFS definition of harm 12 
includes significant habitat modification or degradation where it actually kills or injures 13 
fish or wildlife by significantly impairing essential behavioral patterns, including breeding, 14 
feeding, spawning, migrating, rearing, and sheltering (50 CFR 222.102; U.S. Federal 15 
Register, Vol. 64, No. 215, November 8, 1999, pages 60727-60731). 16 

The Services may bring civil and criminal proceedings against persons for violation of 17 
Section 9 and the ESA.  In addition, Section 11(g) of the ESA allows any third party to 18 
enforce Section 9 (or any other provision of the ESA) through civil action.   19 

The ESA provides mechanisms by which the Services may authorize incidental take (i.e., 20 
take of listed fish or wildlife species that results from, but is not the purpose of, carrying 21 
out an otherwise lawful activity conducted by a Federal agency or applicant (50 CFR 22 
402.02)).  One mechanism is a take authorization that can be obtained under ESA Section 23 
10(a) (1) (B) through an ITP for endangered, threatened, proposed, and other species that 24 
may be listed in the future.  Another mechanism is through findings made by one or both 25 
of the Services that activities are consistent with a rule adopted pursuant to Section 4(d) of 26 
the ESA.  Section 4(d) applies only to species listed as threatened at the time of 27 
Section 4(d) rule issuance, and only to the species specifically addressed in any particular 28 
Section 4(d) rule. It can be obtained from NMFS for certain salmon and steelhead 29 
populations through a limit from take prohibitions (referred to as a take limit) under an 30 
existing NMFS ESA Section 4(d) rule, or through an exemption defined in a new 31 
Section 4(d) rule.  It can be obtained from USFWS only through an exemption defined in a 32 
new ESA Section 4(d) rule (because no existing USFWS Section 4(d) rules apply to forest 33 
practices in Washington State).  Throughout this document, each of these mechanisms is 34 
referred to as “take authorization.”  To provide take authorization, generally, the Services 35 
must find that the activities in question are incorporated into a conservation plan or other 36 
similar program that minimizes and mitigates its impacts on the species addressed in the 37 
plan.   38 

Enforcement actions for prohibited take brought under Section 9 are generally, but not 39 
exclusively, viewed to be associated with the specific facts surrounding particular, site-40 
specific actions.  A successful Section 9 enforcement action must attribute take to a 41 
specific action.  The usual remedy under Section 9 includes cessation of the activity that 42 
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takes the listed species, but does not typically include any requirement that action 1 
benefiting the species be taken.  Incidental take authorization under ESA Section 2 
10(a)(1)(B) or Section 4(d), on the other hand, is viewed to be associated with proactive 3 
and broad-scale actions that combine conservation measures with otherwise lawful 4 
activities, such as implementation of the Washington’s Forest Practices Rules that are 5 
applicable across a large landscape.  As a result, the Services anticipate greater 6 
conservation benefits accruing through use of ESA Section 10(a) (1) (B) or than Section 9 7 
because of the greater breadth, duration, and scope of the conservation initiative when 8 
compared to the focus and outcome of a Section 9 enforcement action.   For those 9 
conducting forest practices, the regulatory certainty provided by take authorization comes 10 
at a cost, including forgone revenue, and time and management costs that are associated 11 
with implementing a conservation plan that meets ESA requirements.  That cost must be 12 
weighed against the risks, such as penalties and legal fees, associated with a potential 13 
Section 9 enforcement action for particular forest practices (presumably less conservation-14 
oriented practices) that are not covered by a take authorization.   15 

Although ITPs under ESA Section 10(a)(1)(B) and take limits or exemptions developed 16 
under ESA Section 4(d) protective regulations are different in their procedural 17 
requirements and substantive incidental take coverage, each provides an assurance that 18 
certain activities can occur despite their effects on listed species, if the activities are carried 19 
out under a plan or program that meets certain requirements in the ESA.  For the purposes 20 
of this Final Environmental Impact Statement (FEIS), the take authorizations are expected 21 
to:  1) provide regulatory stability for forest management activities that are regulated by the 22 
Washington Forest Practices Regulatory Program (an ITP, in particular, provides such 23 
stability for the long-term); 2) allow for the protection of species addressed in the ITP or 24 
Section 4(d) rule across a broad landscape (approximately 9.1 million acres); and 3) 25 
provide a regulatory climate and structure more likely to keep landowners in commercial 26 
forestry rather than converting forestlands to other uses that may be less desirable for 27 
salmon recovery. 28 

1.1.2 Washington State’s Forest Practices Habitat Conservation Plan 29 
(FPHCP) 30 

Discussion and negotiation of issues that would ultimately culminate in the State’s FPHCP 31 
described under Alternative 2 of this FEIS began in the spring of 1997, through the efforts 32 
of the Timber, Fish, and Wildlife (TFW) collaboration.  TFW was a forum of private forest 33 
landowners, Native American Indian tribes, State (and later Federal) resource agencies, the 34 
governor's office, and the environmental community.  The 1997 TFW discussions focused 35 
on forest practices and existing and pending salmonid species listings under the ESA and 36 
the inclusion of more than 300 stream segments on Washington forestlands considered 37 
impaired under the Clean Water Act 303(d) list. 38 

The environmental community participants withdrew from the discussions in September 39 
1998, and the work was renamed by the evolving documentation of its work, the Forests and 40 
Fish Report (FFR) (FPHCP Appendix B).  The remaining five TFW stakeholders continued 41 
to work together to develop the final FFR, April 1999, and proposed legislation for the 1999 42 
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State legislative session.  The State Legislature passed the Forests and Fish Law (Engrossed 1 
Substitute House Bill [ESHB] 2091; FEIS Appendix C) which was included in Title 76 of 2 
the Revised Code of Washington. The Forest Practices Board adopted permanent rules (Title 3 
222 Washington Administrative Code [WAC]) implementing new forest practices 4 
regulations on May 17, 2001 (subsection 1.3.1, Washington Forest Practices Regulatory 5 
Program). 6 

The State’s application for ESA take authorization is a major step towards achieving the 7 
goals of the FFR.  The four goals identified by this broad-based report are:   8 

1. to provide compliance with the ESA for aquatic and riparian dependent species on 9 
non-Federal forestlands; 10 

2. to restore and maintain riparian habitat on non-Federal forestlands to support a 11 
harvestable supply of fish; 12 

3. to meet the requirements of the Clean Water Act for water quality on non-Federal 13 
forestlands; and 14 

4. to keep the timber industry economically viable in the State of Washington.   15 

Because the applications from the State seek take authorizations for species under the 16 
jurisdiction of NMFS and species under the jurisdiction of USFWS, NMFS and the 17 
USFWS are acting as joint lead agencies for the preparation of this FEIS.   18 

The species that would be addressed by issuance of an ITP include all threatened and 19 
endangered fish listed at the time of this application, and occurring on the covered lands in 20 
Washington, plus other native fish and seven stream-associated amphibians.  Most 21 
anadromous fish species fall within the jurisdiction of NMFS, while non-anadromous fish, 22 
some anadromous fish, and amphibians fall within the jurisdiction of USFWS.  The species 23 
that would be addressed by issuance of an ESA Section 4(d) rule limit (NMFS) or 24 
exemption (NMFS or USFWS) include only the salmonids addressed in the Section 4(d) 25 
rule.  A breakdown of the covered species under the jurisdiction of each agency and under 26 
each authorization is provided in Table 1-1. 27 

In addition to the species covered by the FPHCP, other federally listed and candidate 28 
species are found on FPHCP covered lands.  Table 1-4 of the FPHCP shows federally 29 
listed and candidate animal species that are not covered by the FPHCP but are known to 30 
occur on covered lands. 31 
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 1 
Table 1-1. Species Potentially Covered by an ITP under ESA Section 10(a) or Take 

Authorizations under ESA Section 4(d) (Note that only threatened species are 
covered by Section 4(d)). 

Common Name Scientific Name 

Potentially 
Covered by an ITP 
under Section 10(a) 

Potentially 
Covered by Take 
Authorizations 

under Section 4(d) 
Species under the Jurisdiction of NMFS 
Endangered Species    
Upper Columbia River spring-run chinook 
salmon 

Oncorhynchus tshawytscha X  

Snake River sockeye salmon  O. nerka X  
Upper Columbia River steelhead O. mykiss X  

Threatened Species    
Puget Sound chinook salmon  Oncorhynchus tshawytscha X X1/ 
Lower Columbia River chinook salmon O. tshawytscha X X1/ 
Upper Willamette River chinook salmon  O. tshawytscha X X2/ 
Snake River spring/summer chinook 
salmon  

O. tshawytscha X X2/ 

Snake River fall chinook salmon O. tshawytscha X X2/ 
Columbia River chum salmon O. keta X X1/ 
Hood Canal summer-run chum salmon O. keta X X1/ 
Ozette Lake sockeye salmon O. nerka X X1/ 
Lower Columbia River steelhead  O. mykiss X X1/ 
Middle Columbia River steelhead O. mykiss X X1/ 
Upper Willamette River steelhead O. mykiss X X1/ 
Snake River steelhead O. mykiss X X2/ 

Unlisted Fish Species 
Pink salmon (all ESUs3/) Oncorhynchus gorbuscha X  
Coho salmon (all ESUs) O. kisutch X  
Chinook salmon (all unlisted ESUs) O. tshawytscha X  
Chum salmon (all unlisted ESUs) O. keta X  
Sockeye salmon (all unlisted ESUs) O. nerka X  
Steelhead/rainbow trout (all unlisted ESUs) O. mykiss X  
White sturgeon (anadromous marine fish)  Acipenser transmontanus X  
Green sturgeon (marine fish) Acipenser medirostris X  
Eulachon (marine fish) Thaleichthys pacificus X  
Shiner perch (marine fish) Cymotagaster aggreagata X  
Pacific staghorn sculpin (marine fish) Leptocottus armatus X  
Starry flounder (marine fish) Platichthys stellatus X  
Surf smelt (marine fish) Hypomesus pretiosus X  
Pacific sandlance (marine fish) Ammodytes hexapterus X  
Pacific herring (marine fish) Clupea pallasii X  
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 1 

Table 1-1. Species Potentially Covered by an ITP under ESA Section 10(a) or Take 
Authorizations under ESA Section 4(d) (Note that only threatened species are 
covered by Section 4(d)) (continued). 

Common Name Scientific Name 

Potentially 
Covered by an ITP 
under Section 10(a) 

Potentially 
Covered by Take 
Authorizations 

under Section 4(d) 
Species under the Jurisdiction of USFWS 
Endangered Species    
None covered    

Threatened Species    
Bull trout  Salvelinus confluentus X X2/ 

Unlisted Fish Species 
Cutthroat Trout Oncorhynchus clarki X  
Rainbow/Interior Redband Trout O. mykiss X  
Kokanee O. nerka X  
Dolly Varden Salvelinus malma X  
Pacific lamprey  Lampetra tridentata X  
River lamprey L. ayresit X  
Western brook lamprey L. richardsoni X  
Pygmy whitefish  Prosopium coulteri X  
Mountain whitefish  P. williamsoni X  
Olympic mudminnow Novumbra hubbsi X  
Chiselmouth Acrocheilus alutaceus X  
Redside shiner Richardsonius balteatus X  
Longnose dace  Rhinichtys cataractae X  
Speckled dace R. osculus X  
Leopard dace R. falcatus X  
Umatilla dace R. umatilla X  
Northern pikeminnow Ptychocheilus oregonensis X  
White sturgeon (freshwater) Acipenser transmontanus X  
Tui chub Gila bicolor X  
Lake chub Couesius plumbeus X  
Peamouth   Mylocheilus caurinus X  
Largescale sucker Catostomus macrocheilus X  
Bridgelip sucker C. columbianus X  
Longnose sucker C. catostomus X  
Mountain sucker C. platyrhynchus X  
Salish sucker  C. carli (species pending) X  
Three-spine stickleback  Gasterosteus aculeatus X  
Sandroller Percopsis transmontana X  
Coastrange sculpin Cottus aleuticus X  
Prickly sculpin C. asper X  
Reticulate sculpin  C. perplexus X  
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 1 

Table 1-1. Species Potentially Covered by an ITP under ESA Section 10(a) or Take 
Authorizations under ESA Section 4(d) (Note that only threatened species are 
covered by Section 4(d)) (continued). 

Common Name Scientific Name 

Potentially 
Covered by an ITP 
under Section 10(a) 

Potentially 
Covered by Take 
Authorizations 

under Section 4(d) 
Species under the Jurisdiction of USFWS (continued) 
Unlisted Fish Species (continued) 
Riffle sculpin C. gulosus X  
Shorthead sculpin C. confusus X  
Torrent sculpin C. rhotheus X  
Slimy sculpin C. cognatus X  
Paiute sculpin C. beldingi X  
Margined sculpin C. marginatus X  
Mottled sculpin C. bairdi X  
Longfin smelt Spirinchus thaleichthys X  
Burbot Lota lota X  
Unlisted Amphibian Species     
Columbia torrent salamander  Rhyacotriton kezeri X  
Cascade torrent salamander R. cascadae X  
Olympic torrent salamander R. olympicus X  
Dunn’s salamander Plethodon dunni X  
Van Dyke’s salamander  P. vandykei X  
Pacific tailed frog Ascaphus truei X  
Rocky Mountain tailed frog A. montanus X  
1/    Potentially covered under Limit 13 of the existing NMFS ESA Section 4(d) rule. 
2/ Requires a new ESA Section 4(d) rule for coverage. 
3/  ESU = Evolutionarily Significant Unit, a term used by NMFS to describe a distinctive group of salmon or steelhead. 
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A breakdown of the ownership of these lands is presented in Table 1-2, and a map showing 1 
the distribution of these lands is provided in Figure 1-1.  The geographic area that would 2 
be addressed by this action includes existing and future non-Federal and non-tribal 3 
forestlands in Washington State, excluding those forestlands that are covered by existing 4 
ITPs for aquatic species.1 5 

 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
__________________________ 19 
1  One set of such ITPs is held by the Washington Department of Natural Resources (DNR) associated with a Habitat 20 
Conservation Plan (HCP) (Washington DNR State Trust Lands HCP) developed for certain Washington DNR-21 
managed lands in western Washington and portions of eastern Washington within the range of the northern spotted 22 
owl (Washington DNR 1997d). The provisions of Washington DNR’s State Trust Lands HCP applicable to western 23 
Washington also address aquatic species and, therefore, results in those lands being excluded from coverage under 24 
this conservation plan (i.e., the coverage is already provided in the State Trust Lands HCP).  However, because 25 
Washington DNR’s owl HCP does not cover aquatic species in eastern Washington, coverage for aquatic species 26 
would be provided on those lands under ITPs (if issued) associated with the proposed FPHCP evaluated in this FEIS.  27 
Washington DNR’s State Trust Lands HCP is not to be confused with the proposed FPHCP under consideration here.  28 
Washington DNR’s State Trust Lands HCP was developed by DNR as proprietor of those particular lands covered 29 
under the HCP, not as regulator of forest practices on all lands. That distinction is, among other things, fundamental 30 
to different approaches taken in Washington DNR’s State Trust Lands HCP and in the FPHCP proposal, respectively.  31 
Washington DNR’s State Trust Lands HCP is not analyzed here.   32 
 33 

Table 1-2. Acreage and Ownership Breakdown of Forestlands Subject to the 
Washington Forest Practices Regulatory Program.1/ 

Ownership Category 
Western 

Washington 
Eastern 

Washington State Total 
State Lands (not including State 
Parks and Wildlife Recreation 
Areas)  

1,715,912 745,035 2,460,947 

County Lands 55,793 5,530 61,323 
City Lands 139,778 1,137 140,916 
Private Lands 6,093,732 2,613,069 8,706,800 
Total Lands 8,005,215 3,364,771 11,369,986 
1/ While the Forest Practices Act applies to 11.4 million acres, approximately 2.3 million of these acres are covered 

under existing HCPs, Washington DNR State Trust Lands HCP being the largest at approximately 1.6 million 
acres (Washington DNR 1997d).  Existing HCP holders are exempt from many of the Washington Forest 
Practices Rules, but must still file a forest practices application describing which Washington Forest Practices 
Rules are replaced by their approved HCP prescriptions. 
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1.1.3 Process for Obtaining Take Assurances 1 
To obtain ITPs, under ESA Section 10(a)(1)(B), the State must prepare a conservation plan 2 
(commonly referred to as a Habitat Conservation Plan [HCP]) that meets the issuance 3 
criteria established by the Services (subsection 1.2.3.1, Decisions to be Made, ESA Section 4 
10).  For the State to obtain take authorizations under ESA Section 4(d), the State must 5 
prepare information similar to that contained in an HCP, with some modifications specific 6 
to a Section 4(d) application (e.g., covered species only include those species listed as 7 
threatened under ESA).  Accordingly, the State has prepared a programmatic conservation 8 
plan that incorporates the requirements of both ESA Section 10(a)(1)(B) and Section 4(d).  9 
This conservation plan addresses all aspects of the Washington Forest Practices Regulatory 10 
Program that may affect aquatic species. 11 

The proposed Federal actions of issuing ITPs or take authorizations under ESA Sections 12 
10(a)(1)(B) or 4(d) have the potential to affect the human environment and, therefore, are 13 
actions subject to review under the National Environmental Policy Act (NEPA).  The 14 
Services are required to prepare NEPA review documents and to circulate the 15 
environmental review package (NEPA document and HCP) for public review.  In this case, 16 
the Services have determined that there is a need to prepare an Environmental Impact 17 
Statement (EIS). 18 

This FEIS analyzes the environmental consequences of the proposed action and 19 
alternatives to the proposed action.  The alternatives include: 1) no action, in which the 20 
Services would not issue either ITPs or ESA Section 4(d) take authorizations; 2) an 21 
alternative in which the Services would issue ITPs for incidental take of covered species 22 
that may result from activities under the Washington Forest Practices Regulatory Program 23 
in accordance with an HCP prepared by the State; 3) an alternative in which a limit on the 24 
application of the prohibition against take would be issued by NMFS under the existing 25 
ESA Section 4(d) rule, and take exemptions would be issued by USFWS under new ESA 26 
Section 4(d) rules to cover the take of threatened species that may result from activities 27 
regulated by the Washington Forest Practices Regulatory Program; 4) and an alternative in 28 
which the Services would issue ITPs based on more protective Washington Forest 29 
Practices Rules than are currently in place.  Following a 90-day public comment period on 30 
the FEIS, the Services will review and respond to comments in writing and/or as changes 31 
in a Final EIS.  The Services may also suggest the State make changes to the proposed 32 
FPHCP as a result of comments received.  Following a 30-day review period, the Services 33 
will prepare a Record of Decision that will formally document their take authorization 34 
decisions. 35 

This chapter of the FEIS describes the purpose and need for the proposed action, describes 36 
the context for action, and identifies the decisions to be made.  It summarizes the scoping 37 
activities that have been conducted and describes the relevant issues that have been 38 
identified as related to the action.  It also identifies the relationship to other plans, 39 
regulations, and laws, and then summarizes the organization of the FEIS. 40 
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1.2 PURPOSE AND NEED FOR ACTION 1 

1.2.1 Purpose for Action 2 
The State has prepared a conservation plan covering forest practices activities on non-3 
Federal and non-tribal land in Washington State.  The prescriptive elements of the plan are 4 
based on the State’s Forests and Fish law (i.e., Forest Practices Salmon Recovery Act of 5 
1999) (FEIS Appendix C) and the State’s Forest Practices Regulatory Program 6 
implementing that law.  The State has submitted the conservation plan with applications to 7 
the Services for take authorizations available in the ESA (i.e., FPHCP).  The Services’ 8 
purpose for this action is to respond to the State of Washington’s applications for ESA take 9 
authorizations.  These authorizations can be through ITPs, issued by each agency under 10 
ESA Section 10(a)(1)(B), or through take authorizations under ESA Section 4(d).  If ITPs 11 
are granted, they would allow for incidental take of the threatened and endangered species 12 
identified in Table 1-1.  Provisions for take authorization of proposed and unlisted species 13 
would also be made by the Services if the ITPs are granted, so that incidental take 14 
authorization would be included for all species listed in Table 1-1, should they become 15 
listed under the ESA in the future.  If Section 4(d) take authorizations are issued, they 16 
would only apply to those threatened species addressed in the relevant ESA Section 4(d) 17 
rules.  18 

1.2.2 Need for Action 19 
The need for this action is to provide the broader protection and conservation for listed 20 
species under ESA Section 10(a)(1)(B) and Section 4(d) than would occur under Section 9, 21 
while providing for long-term management of forest resources on non-Federal and non-22 
tribal lands under the Washington Forest Practices Rules (subsection 1.3, Background and 23 
Context).  24 

1.2.3 Decisions to be Made 25 
This subsection describes how the Services determine whether the need is met with respect 26 
to species protection and conservation.  Discussions between the applicant and the Services 27 
during the development of a conservation plan in support of an application for ESA take 28 
authorization are conducted with the knowledge and understanding that specific criteria 29 
must be met before take coverage can be issued.  The decision as to whether the criteria 30 
have been met will be made after this FEIS and the FPHCP are finalized following 31 
consideration of public input.  The decision as to whether the criteria have been met will be 32 
documented in the Services’ decision documents at the end of the process.  These 33 
documents consist of: 1) ESA Section 7 biological opinions, 2) ESA Section 10 findings 34 
documents if ITPs are issued under ESA Section 10(a)(1)(B), 3) an announcement in the 35 
Federal Register if ESA Section 4(d) take limits or exemptions are granted, and 4) a NEPA 36 
decision document (Record of Decision).  37 

1.2.3.1 Endangered Species Act, Section 10 38 
Section 10(a)(1)(B) of the ESA provides a mechanism by which the Services may permit 39 
incidental take through the issuance of an ITP for otherwise lawful activities.  The issuance 40 
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criteria for an ITP are contained in Section 10(a)(2)(B) of the ESA and again in the 1 
Services’ implementing regulations for the ESA (50 CFR 17.22(b)(2) and 17.32(b)(2) for 2 
the USFWS; 50 CFR 222.22 for NMFS).  The issuance criteria are:  3 

1. The taking will be incidental;  4 
2. The applicant will, to the maximum extent practicable, minimize and mitigate the 5 

impacts of such taking;  6 
3. The applicant will ensure that adequate funding for the conservation plan and 7 

procedures to deal with unforeseen circumstances will be provided;  8 
4. The taking will not appreciably reduce the likelihood of survival and recovery of 9 

the species in the wild; and  10 
5. Such other measures the Services may require as necessary or appropriate for the 11 

purposes of the HCP.   12 

An applicant must prepare and submit to the Services for approval an HCP containing the 13 
mandatory elements of ESA Section 10(a)(2)(A) before an ITP can be issued.  As such, the 14 
HCP must specify:  15 

1. The impact that will likely result from the taking;  16 
2. What steps the applicant will take to monitor, minimize and mitigate such impacts, 17 

the funding available to implement such steps, and the procedures to be used to 18 
deal with unforeseen circumstances;  19 

3. What alternative actions to such taking the applicant considered, and the reasons 20 
why such alternatives are not proposed to be used; and  21 

4. Such other measures that the Director may require as being necessary or 22 
appropriate for the purposes of the plan. 23 

The evaluation of the State’s ESA Section 10(a)(1)(B) application would be documented in 24 
Section 10 findings documents, which are produced at the end of the process.  The results 25 
of the assessments will determine whether or not ITPs will be issued. 26 

1.2.3.2 Endangered Species Act, Section 4 27 
When the Services promulgate protective regulations under ESA Section 4(d), each can use 28 
the rulemaking process to describe limitations on or exemptions to the general application 29 
of the ESA Section 9 take prohibition to threatened species.  Under such limits or 30 
exemptions, activities that kill or injure threatened species do not violate Section 9, 31 
because Section 9 does not apply.  On July 10, 2000, NMFS promulgated and published an 32 
ESA Section 4(d) rule for threatened salmon and steelhead on the Pacific coast (50 CFR 33 
222.203; U.S. Federal Register, Vol. 65, No. 132, July 10, 2000, pages 42421-42481).  In 34 
addition to establishing take prohibitions, the rule provides that certain specified activities 35 
or conservation plans may qualify for a limit from the rule’s take prohibitions provided that 36 
such activities or programs qualify for one of 13 categories known as “limits.”  Limit 13 of 37 
this rule applies to forest management in Washington and could become effective if NMFS 38 
finds that the State’s program for non-Federal forest management activities is at least as 39 
protective as the elements of the FFR.  This rule does not apply to the four Snake and 40 
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Upper Willamette River groups of salmon and steelhead that are currently listed as 1 
threatened because the ESA Section 4(d) rule did not address these species (Table 1-1).  2 

USFWS has not issued a comparable ESA Section 4(d) rule, but could exempt the take of 3 
threatened bull trout that may occur through implementation of the Washington Forest 4 
Practices Rules by adopting a new ESA Section 4(d) rule.  A USFWS Section 4(d) rule for 5 
bull trout could be structured to exempt take that might occur as a result of implementing 6 
the Washington Forest Practices Regulatory Program, provided that the Program is 7 
consistent with the conservation needs of the species.  USFWS could adopt similar ESA 8 
Section 4(d) rules for other threatened species.  However, under ESA Section 4(d), a rule 9 
can only address take of species listed as threatened, and not species listed as endangered.  10 
As a consequence, and in contrast to ESA Section 10, the take of endangered species or 11 
unlisted species would not be authorized by any ESA Section 4(d) rule. 12 

The evaluation of the State’s ESA Section 4(d) application under the existing NMFS 13 
Section 4(d) rule would be documented in an announcement in the Federal Register, if an 14 
ESA Section 4(d) take limit is granted.  If new NMFS or USFWS Section 4(d) rules are 15 
issued, the exemptions would also be published in the Federal Register.  16 

1.2.3.3 Endangered Species Act, Section 7 17 
ESA Section 7(a)(2) provides that Federal agencies shall consult with the Services to 18 
ensure any action authorized, funded, or carried out by such agency (i.e., action agencies) 19 
is not likely to jeopardize the continued existence of any endangered or threatened species 20 
or result in the adverse modification or destruction of designated critical habitat.  Service 21 
actions under ESA Section 10(a)(1)(B) and ESA Section 4(d) are Federal actions.  Since 22 
the Services are the action agencies, they must consult with themselves to ensure the 23 
decisions made will not jeopardize any listed species (not just those addressed in the HCP) 24 
or adversely modify or destroy critical habitat.  The results of these consultations are 25 
documented in biological opinions developed by the Services for the species under their 26 
jurisdiction.  Biological opinions are produced near the end of the process and document 27 
conclusions regarding the likelihood of jeopardizing the continued existence of any listed 28 
species or adversely modifying designated critical habitat for any listed species. 29 

1.2.3.4 National Environmental Policy Act 30 
The purpose of NEPA is to promote analysis and disclosure of the environmental issues 31 
surrounding a proposed Federal action to reach a decision that reflects NEPA’s mandate to 32 
strive for harmony between human activity and the natural world.  Although NEPA 33 
requirements include an analysis of impacts to the same species as does the ESA, the scope 34 
of NEPA goes well beyond that of the ESA by considering the impacts of a Federal action 35 
not only on all fish and wildlife resources (not just those listed under the ESA), but also on 36 
non-wildlife resources such as water quality, air quality, and cultural resources. 37 

An EIS is required when the project or activity that would occur is a major Federal action 38 
with the potential to significantly affect the quality of the human environment.  Issuance, 39 
of ITPs under ESA Section 10(a)(1)(B) or take authorizations under Section 4(d), is a 40 
Federal action subject to NEPA compliance.  An EIS culminates in a Record of Decision.  41 
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The Record of Decision will document the alternative selected for implementation, as well 1 
as any conditions that may be required, and summarize the impacts expected to result from 2 
the action.    3 

1.3 BACKGROUND AND CONTEXT   4 
The State’s purpose for this action is to obtain take authorization for species that are listed, 5 
and an agreement for species that might become listed in the future under ESA, to provide 6 
regulatory certainty and to promote long-term management of forest resources on non-7 
Federal and non-tribal lands in Washington State in accordance with the Washington 8 
Forest Practices Rules.  To carry out the purpose, the State is seeking ITPs under ESA 9 
Section 10(a)(1)(B) or take authorizations under Section 4(d) for take that may occur as a 10 
result of forest practices regulated under the Washington Forest Practices Rules. 11 

1.3.1 Washington Forest Practices Regulatory Program  12 
In 1974, the State Legislature passed the Forest Practices Act.  The Act was designed to 13 
provide protection to forest soils, fisheries, wildlife, water quality and quantity, air quality, 14 
recreation, and scenic beauty, while at the same time maintaining a viable forest products 15 
industry, by regulating forest practices such as timber removal, road construction and 16 
maintenance, reforestation, and the use of forest chemicals.  The Washington Forest 17 
Practices Rules, which are embodied in the WAC (Title 222 WAC), were first adopted in 18 
1976 and apply to non-Federal and non-tribal forestlands in the state.   19 

1.3.1.1 The Formation of the Timber, Fish, and Wildlife Collaboration 20 
During the early years of the Washington Forest Practices Act implementation, the Forest 21 
Practices Board and other state policy makers repeatedly weighed conflicting interests of 22 
timber industry representatives, Indian tribes, environmental groups, and government 23 
regulators in making, amending, and implementing regulations.  The Forest Practices 24 
Board dealt with contentious rule-making.  The Legislature amended the Forest Practices 25 
Act several times to review procedures for forest practices applications and change the 26 
membership of the Forest Practices Board.   27 

Litigation over forest practices resulted in, among other things, an increase in the review of 28 
forest practices under the State Environmental Policy Act (SEPA).  Also, Indian tribes, and 29 
the United States on their behalf, pursued litigation that sought to establish a specific duty 30 
to protect habitat as a consequence of tribal treaty rights to a share of harvestable salmon 31 
and steelhead, including habitat on commercial forestlands. 32 

By 1986, forest stakeholders representing the tribes; the Washington Departments of 33 
Natural Resources (DNR), Game (now Department of Fish and Wildlife), Fisheries (now 34 
Department of Fish and Wildlife), and Department of Ecology (Ecology); the timber 35 
industry and non-industrial private forest landowners; and environmental interests, each for 36 
their own reasons, possessed a level of frustration with the then-existing regulatory 37 
process.  Threshold meetings were held to determine if these disparate interests could 38 
negotiate a cooperative approach to management and regulation of forest practices.   39 
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The stakeholder1 negotiation process became known as Timber, Fish, and Wildlife (TFW) 1 
and resulted in the Timber, Fish, and Wildlife Agreement (FPHCP Appendix L).  2 
Reflecting the collaboration, the final report of TFW states that “[a]ll parties have agreed to 3 
a set of goals which have guided the discussions.” These are as follows: 4 

The wildlife resource goal is to provide the greatest diversity of habitats 5 
(particularly riparian, wetlands, and old growth), and to assure the 6 
greatest diversity of species within those habitats for the survival and 7 
reproduction of enough individuals to maintain the native wildlife of 8 
Washington forestlands. 9 

The fishery resource goals are long-term habitat productivity for natural 10 
and wild fish, and the protection of hatchery water supplies. 11 

The water quantity and quality goals are protection of water needs of 12 
people, fish, and wildlife. 13 

The archeological and cultural goals are to develop a process to inventory 14 
archaeological/cultural spaces in managed forests; and to inventory, 15 
evaluate, preserve, and protect traditional cultural and archeological 16 
spaces and assure tribal access. 17 

The timber resource goal is the continued growth and development of the 18 
State’s forest products industry, which has a vital stake in the long-term 19 
productivity of both the public and private forestland base. 20 

In summary, the TFW participants recognize that there now exists a 21 
cooperative attitude among the participants that must continue if this 22 
agreement is to proceed. 23 

In 1987 and 1988, the Forest Practices Board adopted new Washington Forest Practices 24 
Rules resulting from the TFW collaborative negotiations.  Another major rule package 25 
developed under the TFW collaboration was adopted in 1992.   26 

Concurrently, in the early 1990s, regional litigation under the Federal ESA related to the 27 
northern spotted owl significantly raised the effect of Federal law on regulatory certainty as 28 
it related to state and private lands in Washington State.  Seeking to restore that regulatory 29 
certainty, TFW addressed owl conservation by making a recommendation, developed in 30 
concert with the Northwest Forest Plan owl strategy, to the Forest Practices Board that the 31 
Forest Practices Board later incorporated into regulations in 1996 (USDA Forest Service 32 
and USDI Bureau of Land Management 1994).  The Forest Practices Board then adopted 33 
TFW-based regulations for the ESA-listed marbled murrelet in 1997.  During this decade, 34 
TFW activities maintained significant levels of financial support, not only from 35 
participants, but also from the Washington State Legislature and the U.S. Congress.  Most 36 
                                                      

1 Original participants included representatives of a number of Indian Tribes, the Northwest Indian Fisheries 
Commission; the Columbia River Intertribal Fish Commission; Washington Environmental Council and Audubon 
Society; Washington Forest Protection Association and Washington Farm Forestry Association; Weyerhaeuser, 
Georgia Pacific, Plum Creek and Simpson Timber companies; and the State Departments of Natural Resources, 
Ecology, Fisheries, and Game.  
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of this funding was devoted to monitoring ecological functions within riparian zones and 1 
adaptive management. 2 

1.3.1.2 The Forests and Fish Report 3 
Beginning in late 1996, faced with the imminent listing under the ESA of several salmon 4 
species in Washington, TFW participants agreed to address emerging riparian habitat 5 
issues.  Because of the regulatory implications of the ESA, representatives from Federal 6 
agencies accepted an invitation to join the original TFW collaborators in the discussions.   7 

After almost 2 years of negotiation, representatives of environmental interests and some 8 
tribes withdrew from negotiations.  The remaining participants continued negotiating and 9 
eventually agreed to the FFR, April 1999 (FPHCP Appendix B).  The groups contributing 10 
to the development of the report included State agencies (Washington DNR, Washington 11 
Department of Fish and Wildlife, and Washington Department of Ecology (Ecology), 12 
Governor’s Office), Federal agencies (USFWS, NMFS, and Environmental Protection 13 
Agency [EPA]), the Colville Confederated tribes, other Washington tribes, the Northwest 14 
Indian Fisheries Commission, the Washington State Association of Counties, the 15 
Washington Forest Protection Association, and the Washington Farm Forestry Association.   16 

During the same time period, the Washington Legislature addressed ESA salmon and 17 
steelhead listings with passage of the 1998 Salmon Recovery Planning Act (ESHB 2496).  18 
In this legislation, the Legislature made clear its intent to immediately begin the work 19 
required to recover salmon and created the Governor’s Salmon Recovery Office to 20 
coordinate the State salmon recovery strategy.  The following year, the Washington 21 
Legislature passed the 1999 Salmon Recovery Funding Act (ESHB 5595).  In it, the 22 
Legislature established guiding principles for the statewide salmon recovery strategy, 23 
which emphasized collaborative, incentive-based approaches.  The statewide salmon 24 
recovery strategy identified forest practices as a critical component for salmon recovery. 25 
The Legislature recognized the FFR as responsive to its policy directive for a collaborative, 26 
incentive-based approach to support salmon recovery; ESA coverage and regulatory 27 
certainty being key incentives of implementation.   28 

Also in 1999, the Washington Legislature passed ESHB 2091 (FEIS Appendix C), which 29 
directed the Forest Practices Board to adopt new rules, encouraging the Forest Practices 30 
Board to follow the recommendations of the FFR.  To further the purpose of regulatory 31 
stability, ESHB 2091 also limited future changes to the new rules so that outside of a court 32 
order or legislative directive, new rules could be adopted by the Forest Practices Board 33 
“only if the changes or new rules are consistent with the recommendations resulting from 34 
the scientifically based adaptive management process” included in the FFR.   The language 35 
further solidified the adaptive management process as a key component of the conservation 36 
program. 37 

In its rulemaking procedures, the Forest Practices Board conducted an evaluation of the 38 
FFR, as well as alternatives to the Report.  This evaluation included an EIS under SEPA.  39 
The Final State EIS, entitled Alternatives for Forest Practices Rules for Aquatic and 40 
Riparian Resources, was published in April 2001.   41 
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The Forest Practices Board adopted new permanent rules in May 2001 based on the FFR.  1 
Effective July 2001, these rules cover a wide variety of forest practices and include a new, 2 
more functional classification of rivers and streams on non-Federal and non-tribal 3 
forestland; improved plans for properly designing, maintaining, and upgrading existing and 4 
new forest roads; additional protections for unstable slopes; and greater protections for 5 
riparian areas intended to restore or maintain properly functioning habitat conditions.  In 6 
addition to these substantive provisions, the rules adopt the procedural recommendations of 7 
the FFR that address adaptive management, training, and other features.  The State 8 
Legislature and Congress continued to support the collaboration with significant funding 9 
for the research, monitoring, and adaptive management activities called for in the FFR. 10 

1.3.2 Washington State Legislative Directive Regarding Federal Assurances 11 
The 1999 Salmon Recovery Act (ESHB 2091) was enacted “on the assumption that the 12 
Federal assurances described in the forests and fish report . . . will be obtained” by June 30, 13 
2005 (Revised Code of Washington (RCW) Chapter 77.85.190(1)).  The primary 14 
component of these Federal assurances is relief from any claim that forest practices would 15 
constitute an impermissible “take” of threatened or endangered aquatic species.  The State 16 
Legislature’s goal in passing ESHB 2091 included:  1) the protection of water quality 17 
consistent with the Clean Water Act, 2) the protection of aquatic species to the maximum 18 
extent practicable consistent with maintaining commercial forest management as an 19 
economically viable use of forestlands, and 3) providing a regulatory climate and structure 20 
more likely to keep landowners from converting forestlands to other uses less desirable for 21 
salmon recovery (RCW Chapter 77.85.180). 22 

The Legislature authorized the Governor to appoint a representative to negotiate on behalf 23 
of its agencies and subdivisions to obtain these Federal assurances.  In January 2003, 24 
Governor Gary Locke designated the Commissioner of Public Lands, Doug Sutherland, to 25 
negotiate on behalf of the State of Washington with the relevant Federal agencies to obtain 26 
Federal assurances pursuant to RCW Chapter 77.85.190(3). 27 

1.4 SCOPING AND THE RELEVANT ISSUES 28 
The first step in preparing an EIS is to conduct scoping of the issues regarding the 29 
proposed action and alternatives.  The purpose of scoping is to identify the relevant human 30 
environmental issues, to eliminate insignificant issues from detailed study, and to identify 31 
the alternatives to be analyzed in the FEIS.  Scoping can also help determine the level of 32 
analysis and the types of data required for analysis.  33 

1.4.1 Scoping Process 34 
The scoping process for this FEIS involved a number of activities that included both public 35 
and internal scoping.  These activities are described in the following paragraphs.  A 36 
scoping report was developed to document the scoping process, summarize scoping 37 
comments, and identify preliminary issues.  This report is maintained in the Services’ 38 
administrative record, and is available for review upon request to either NMFS or USFWS. 39 
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1.4.1.1 Notice of Intent 1 
Scoping was officially initiated with the publication of the Notice of Intent to prepare a 2 
Draft EIS in the Federal Register on Monday, March 17, 2003 (U.S. Federal Register, Vol. 3 
68, No. 51, March 17, 2003, pages 12676-12678).  This notice stated that there would be a 4 
30-day public comment period for the purpose of gathering information on the scope of the 5 
issues and the range of alternatives to be analyzed in the FEIS.   6 

The Notice of Intent also identified the dates, times, and locations of four public scoping 7 
meetings that were held (Table 1-3).  Public notice of these meetings was also made 8 
through issuance of a press release by the Services on March 10, 2003, as well as 9 
electronic mail and notices to individuals listed on the Washington DNR Forest Practices 10 
Division “Meeting Agenda” and “Meeting Notices” lists.  At least one newspaper article 11 
was written and published (The (Aberdeen) Daily World, March 13, 2003) describing the 12 
background and intent of the meetings.  This article is available online at:  13 
http://www.thedailyworld.com/daily/2003/Mar-13-Thu-2003/news/news6.html.  14 

Table 1-3. Schedule and Locations of Public Scoping Meetings. 15 
Date Time Place City 
March 18, 2003 5-8 p.m. Tacoma Sheraton Hotel Tacoma, Washington 
March 20, 2003 5-8 p.m. Red Lion Hotel Port Angeles, Washington 
March 25, 2003 5-8 p.m. Red Lion Hotel at the Park Spokane, Washington 
March 26, 2003 5-8 p.m. Central Washington 

University Grupe Center 
Ellensburg, Washington 

Each public scoping meeting began at 5 p.m. with a 1-hour open house to accommodate 16 
informal discussion and questions.  At 6 p.m., a presentation was made by Federal and 17 
State representatives followed by a public comment period in which attendees could ask 18 
questions and state their scoping comments for the record.  A variety of informational 19 
materials related to the proposed action, was made available to the public at the meetings.   20 

1.4.1.2 Written Comments 21 
In addition to the oral comments provided at the scoping meetings, 30 formal comment 22 
letters were received, along with a number of written comments submitted at the scoping 23 
meetings (see Appendix F of Scoping Report for a listing of the letters).  The 30 letters 24 
consisted of 238 pages of original input.  In addition, they included many hundreds of 25 
pages of attachments.  The oral and written comments have been considered in the 26 
formulation of the issues to be considered in this FEIS (subsection 1.4.2, Issues Identified 27 
During Scoping). 28 

1.4.1.3 Internal Scoping Meetings 29 
During and following public scoping, a number of internal FEIS team meetings were held 30 
to discuss the following subjects:  31 

1. FEIS outline,  32 
2. public scoping comments received,  33 
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3. issues to be analyzed in the FEIS,  1 
4. draft alternatives to be analyzed in the FEIS, and  2 
5. analyses and methods to be used to assess the effects of the alternatives relative to 3 

the issues.   4 

The FEIS team consists of representatives from NMFS, USFWS, EPA, Governor’s Office, 5 
Washington DNR, Ecology, Washington Department of Fish and Wildlife (WDFW), 6 
Northwest Indian Fisheries Commission, Tetra Tech ECFW (the EIS contractor), and 7 
others.  At least six key project EIS team meetings that covered scoping, the issues, the 8 
alternatives, and the analysis methods took place in mid-2003.  In addition, project team 9 
members independently conducted reviews of public scoping comments, analyzed the 10 
issues, and considered alternatives in preparation for the team meetings. 11 

1.4.1.4 Future Scoping and Public Involvement 12 
This FEIS has been issued for a 90-day public review period, previously announced in 13 
newspapers, through letters to interested parties, and in the Federal Register.  Following 14 
this public review period, responses to public comments will be prepared and included in 15 
an FEIS.  The FEIS will include any changes resulting from consideration of public 16 
comments.  A 30-day “cooling off” period (as defined by the Council on Environmental 17 
Quality) will be announced through the same venues used for the FEIS.  Following the 18 
“cooling off” period, the Services will conduct a final review of the FEIS and proposed 19 
FPHCP to decide whether or not to issue the requested take authorization.  The final 20 
decision-making process will involve analyses by NMFS and USFWS in ESA Section 7 21 
biological opinions and an ESA Section 10 or Section 4(d) findings documents, and a 22 
NEPA Record of Decision.   23 

1.4.2 Issues Identified During Scoping 24 
The following issues were identified during both public and internal scoping.  Detailed 25 
discussions of many of these issues occur in Chapter 4 (Environmental Effects).   26 

1.4.2.1 Soils and Erosional Processes 27 
• Protection of managed lands from mass wasting and surface erosion, particularly 28 

relative to unstable slopes and road maintenance and abandonment, including the Road 29 
Maintenance and Abandonment Plan (RMAP) process.   30 

• Effectiveness of the Road Maintenance and Abandonment Plan process, the 31 
recommended road maintenance and abandonment changes for small forest 32 
landowners, and the length of time required for full implementation.  33 

1.4.2.2 Water Quality  34 
• Protection of surface and groundwater quality, including temperature, sediment and 35 

turbidity, and forest chemicals.   36 
• The ability of affected streams to meet applicable basin plan limitations, water quality 37 

standards, and limits established in Water Cleanup Plans or Total Maximum Daily 38 
Load (TMDL) studies over the life of the conservation plan. 39 
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1.4.2.3 Water Quantity  1 
• The effects of forest management on State and private lands in Washington on 2 

watershed hydrology, including effects on peak and low flows, water yield, floodplain 3 
function, and ultimately on fish habitat.   4 

1.4.2.4 Riparian Habitat  5 
• Protection of riparian vegetation and processes.   6 
• The adequacy of the proposed riparian buffer widths and the degree of management 7 

permitted within the buffers, with regard to large woody debris production, delivery, 8 
and recruitment; maintenance of shade for water temperature protection; maintenance 9 
of streambank stability; detrital production (See Glossary); and microclimate 10 
protection. 11 

• The adequacy and accuracy of the stream-typing model.  12 

1.4.2.5 Wetlands  13 
• Protection of wetlands and their functions. 14 

1.4.2.6 Vegetation  15 
• Effects of forest management on wildfire risk. 16 
• Effects of forest management on other forest vegetation disturbance agents, the spread 17 

of noxious weeds, vegetative structure and diversity in riparian corridors, and 18 
threatened/endangered plants. 19 

1.4.2.7 Fish  20 
• Effects of forest management on the recovery and long-term viability of listed fish 21 

species.   22 
• Specific concerns related to fish passage; effects on water quality parameters including 23 

temperature, turbidity, and forest chemicals; fish habitat elements including pool size 24 
and frequency, spawning gravel quality and quantity, substrate embeddedness, and 25 
channel conditions and dynamics; the degree of “refugia” protection; and the effect on 26 
fish and fish habitat on adjacent Federal lands (e.g., Olympic National Park).   27 

• The identification of activities that may result in take and the feasibility of quantifying 28 
take.   29 

• Protection of habitat for currently unlisted species covered by the conservation plan.   30 

1.4.2.8 Amphibians 31 
• Protection of amphibian habitat, including:  water quality, water quantity, riparian and 32 

wetland habitat, increased sedimentation, changes in water temperature, changes in 33 
large woody debris recruitment and microclimate, and other factors.  34 

1.4.2.9 Other Wildlife  35 
• The quality and quantity of habitats for other wildlife species (especially unique 36 

habitats, known to be priority habitats for certain aquatic or riparian species).    37 
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1.4.2.10 Land Ownership and Use  1 
• The rate of conversion of forestlands to non-forestland uses, including urban land uses.   2 
• Potential for landowners to opt out of their existing HCPs, which contain provisions to 3 

reduce the likelihood of conversion, in favor of the new Forest Practices Regulatory 4 
Program conservation plan. 5 

• The potential for lands to be withdrawn from participation in the conservation plan.    6 

1.4.2.11 Cultural, Archeological, and Historic Resources  7 
• Identification and protection of archaeological and historic sites, particularly regarding 8 

sites important to Northwest Indian tribes and their cultural and religious beliefs. 9 

1.4.2.12 Social and Economic Factors 10 
• Identification and measurement of the positive and the negative economic effects of 11 

the alternatives on recovering salmonids, water quality, and other resources, including 12 
non-market costs and values.   13 

• The potential for companies to locate in the State because of the quality of life and 14 
desirability of living here, as well as benefits to businesses directly dependent on the 15 
resources, such as fishing and recreation. 16 

• Environmental justice relative to Indian tribes who depend on harvestable supplies of 17 
salmon.  18 

• Economic impacts to property owners and others who make a living from the land. 19 
• The effect on the economy of the State.   20 
• The effects of the Washington Forest Practices Rules on the economic position of 21 

Washington timber managers within global markets.   22 
• The effects on economic and social structures of rural areas, which have suffered from 23 

changing economic conditions, relative to environmental justice. 24 
• Effects on small landowners and the potential for disproportionate costs of ESA 25 

protections. 26 

1.4.2.13 Cumulative Effects  27 
• The adequacy of Washington Forest Practices Rules for addressing cumulative effects; 28 

especially given the lack of continuing Watershed Analysis efforts, potential for 29 
conversion, and the limited rules specifically addressing cumulative effects. 30 

• The potential for cumulative effects in watersheds with a large proportion of small 31 
landowners.  32 

• The amount of incidental take already authorized by existing take permits in 33 
conjunction with the current project. 34 

1.4.2.14 Monitoring and Adaptive Management  35 
• The adequacy of proposed programs for monitoring and adaptive management, 36 

including the adequacy and degree of assurance that full funding will be achieved, the 37 
degree of independence of the programs, and the need for measurable performance and 38 
effectiveness monitoring indicators.   39 
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• The appropriateness of the “no surprises” guarantee and a 50-year term given the 1 
State’s adaptive management program.    2 

1.5 RELATIONSHIP TO OTHER PLANS, REGULATIONS, AND LAWS 3 
Many Federal, State, and local statutes, regulations, and policies govern the activities 4 
proposed for ITPs or take authorizations under the FPHCP.  While many regulations 5 
require issuance of environmental permits prior to project implementation (Table 1-4, 6 
found at end of Chapter 1), others require agency consultation (Table 1-5, found at end of 7 
Chapter 1).  It should be noted that the activities to be covered by ITPs or take 8 
authorizations are varied and extensive and, as a result, the requirements of the non-Federal 9 
and non-tribal landowners for permits, environmental review, and consultation are variable 10 
and dependent on the specific activities involved.  A brief summary of those regulations 11 
that are most relevant to forest practices activities governed by the State is provided and 12 
summarized in Tables 1-4 and 1-5 at the end of this section.  See also Chapter 5, subsection 13 
5.2.2 (Statutes, Regulations, Plans, and Programs), for more discussion of additional plans 14 
(e.g., existing HCPs and the Northwest Forest Plan).  15 

1.5.1  Federal Regulations 16 
Development of the FPHCP and related EIS are regulated by two primary pieces of Federal 17 
legislation: the ESA and NEPA.  The State also intends that compliance with the 18 
conservation plan will achieve compliance with the Clean Water Act.  The three laws are 19 
described below. 20 

1.5.1.1 Endangered Species Act 21 
The ESA is intended to protect and conserve species listed as endangered or threatened and 22 
to conserve the habitats upon which they depend (ESA Section 2(b)).  Furthermore, the 23 
ESA mandates that all Federal agencies seek to conserve endangered and threatened 24 
species and use their resources and authorities to further such purposes (ESA Sections 25 
2(c)(1),7(a)(1)).  The USFWS, acting on behalf of the Secretary of the Interior, oversees 26 
administration of the ESA for terrestrial species and resident and some anadromous fish 27 
species.  NMFS, acting on behalf of the Secretary of Commerce, oversees administration of 28 
the ESA for marine mammals and most anadromous fish.  Thus, both agencies function in 29 
tandem to administer the ESA.   30 

A species is considered endangered if it is determined that the species is in danger of 31 
extinction throughout all or a significant portion of its range (ESA Section 3(6)).  A species 32 
is considered threatened if it is found that the species is likely to become endangered 33 
within the foreseeable future (ESA Section 3(19)).  Several federally listed species 34 
potentially occur in areas that could be directly and/or indirectly affected by forest 35 
practices in Washington State (Table 1-1).   36 

ESA sections related to the State’s development of a conservation plan include the 37 
following (for further detail, see subsection 1.1.1, Structure of the ESA): 38 
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• Section 4:  Sets forth procedures and criteria for proposing, identifying, and listing 1 
threatened and endangered species; identifying candidate species; and identifying, 2 
designating, and revising critical habitat for species.  It also provides for extension of 3 
Section 9 take prohibitions to threatened species through adoption of rules under ESA 4 
Section 4(d), which allows regulations “necessary and advisable to provide for the 5 
conservation” of threatened species.  Such rules can include provisions that limit or 6 
exempt particular activities from the Section 9 take prohibitions under certain 7 
circumstances.   8 

• Section 7:  Requires Federal agencies to consult with the Services to ensure that 9 
activities they authorize, fund, or carry out are not likely to jeopardize the continued 10 
existence of a listed species or result in the destruction or adverse modification of 11 
designated critical habitats and provide for measures or alternatives to minimize take of 12 
listed species or their habitat.  13 

• Section 9:  Prohibits the take of an endangered species, defined in the ESA to mean 14 
“to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt 15 
to engage in any such conduct.” 16 

• Section 10:  Allows the Services to issue ITPs that authorize the take of listed species 17 
by non-Federal entities.  The Services define “incidental take” as take that is 18 
“incidental to, and not the purpose of, the carrying out of an otherwise lawful activity.”  19 
To obtain an ITP, applicants must submit an HCP and have the permit issuance criteria 20 
met before approval is given by the USFWS, NMFS, or both agencies, as appropriate. 21 

• Section 11:  Provides civil and criminal penalties for violation of the ESA and allows 22 
third parties to bring civil actions to enforce ESA provisions.  23 

1.5.1.2 National Environmental Policy Act 24 
See subsection 1.2.3.4 (Decisions to be Made, National Environmental Policy Act).  25 

1.5.1.3 Clean Water Act 26 
The Clean Water Act, administered by the EPA and Ecology is the principal Federal 27 
legislation directed at protecting water quality.   Ecology establishes standards and 28 
regulations, subject to approval by the EPA, by which waters of the state must be managed 29 
to meet Federal requirements.  The relationship between the Clean Water Act and ESA 30 
creates the primary regulatory context within which the State developed its conservation 31 
plan (See also subsection 1.5.2.5, Washington State Water Pollution Control Act). 32 

1.5.2 State Regulations 33 
Major State regulations that are relevant to forest practices activities in Washington are 34 
summarized below to assist the reviewer by providing additional context for the proposed 35 
action.  They include the State Forest Practices Act, the State Shoreline Management Act, 36 
SEPA, regulations pertaining to state listing of species, the Washington State Water 37 
Pollution Control Act, the State Hydraulic Code, and the State Growth Management Act.   38 
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1.5.2.1 State Forest Practices Act 1 
The Forest Practices Board was created by the Forest Practices Act (RCW Chapter 76.09).  2 
The Forest Practices Act directs the Forest Practices Board to adopt rules where necessary 3 
to accomplish the purposes and policies established by the Washington Legislature and to 4 
implement other provisions of the forest practices chapter of the Revised Code of 5 
Washington.  Specifically, the Forest Practices Board establishes minimum standards for 6 
forest practices and adopts rules pursuant to the Administrative Procedure Act 7 
(RCW Chapter 34.05), SEPA (RCW Chapter 43.21), and the Regulatory Fairness Act 8 
(RCW Chapter 19.85). 9 

1.5.2.2 State Shoreline Management Act 10 
The Shoreline Management Act (RCW Chapter 90.58) applies to all marine waters, 11 
submerged tidelands, lakes over 20 acres, and all streams with a mean annual flow greater 12 
than 20 cubic feet per second.  Wetlands associated with the above waters are also 13 
included, as is a 200-foot-wide shoreline area landward from the water’s edge and all or a 14 
portion of the 100-year floodplain on rivers and streams.  The primary intent of the 15 
Shoreline Management Act is to “provide for the management of the shorelines of the State 16 
by planning for and fostering all reasonable and appropriate uses.”  This policy is designed 17 
to ensure the development of these shorelines in a manner that, while allowing for limited 18 
reduction of rights of the public in the navigable waters, will promote and enhance the 19 
public interest.  The Act directs that this goal shall be attained through the protection of 20 
natural shorelines, and through encouragement of water-related and water-dependent uses.  21 
Washington Forest Practices Rules are related to the Shoreline Management Act because 22 
they address specific forest practices along Type 1 streams, which are defined as 23 
“shorelines of the State,” and are also regulated by the Shoreline Management Act.   24 

1.5.2.3 State Environmental Policy Act 25 
Washington State’s fundamental environmental law ensures that governmental agencies 26 
consider environmental factors in the decision-making process, and that these 27 
considerations would help maintain and improve environmental quality.   28 

Prior to adopting new Washington Forest Practices Rules or making significant 29 
amendments to its prior rules, the Forest Practices Board typically prepares programmatic 30 
State EISs to analyze the environmental effects of the proposed rules and alternatives to 31 
those rules and to help inform both the public and the decision-makers.  This was most 32 
recently done as directed by the State Legislature in ESHB 2091 as a result of the FFR.  33 
The Forest Practices Board conducted an evaluation of the Forests and Fish proposal, and 34 
alternatives to the proposal.  This evaluation included preparation of an EIS under the 35 
SEPA.  The State’s Final EIS, entitled “Alternatives for Washington Forest Practices Rules 36 
for Aquatic and Riparian Resources” was published in April 2001.  Specific information 37 
about the purpose and procedural requirements of the Act is available in the SEPA, RCW 38 
Chapter 43.21C; SEPA Rules, WAC Chapter 197-11 (implementing rules); and the SEPA 39 
Handbook (guidance provided by Ecology). 40 
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1.5.2.4 State Listing of Endangered, Threatened, and Sensitive Species 1 
In 1990, the Washington Fish and Wildlife Commission adopted listing procedures that 2 
identify how species are listed by the State, the criteria for listing and de-listing, and the 3 
requirements for recovery and management plans (WAC Chapter 232-12-297).  The State 4 
lists are distinct from the Federal ESA lists; they include species status relative to 5 
Washington State jurisdiction only.  Critical wildlife habitats associated with State or 6 
federally listed species are identified in WAC Chapter 222-16-080.  The WDFW maintains 7 
a list of endangered, threatened, and sensitive species (WAC Chapters 232-12-014 and 8 
232-12-011).   9 

1.5.2.5 Washington State Water Pollution Control Act 10 
As discussed in subsection 1.5.1.3 (Clean Water Act), the Washington State Water 11 
Pollution Control Act, codified as RCW Chapter 90.48, designates Ecology as the agency 12 
responsible for carrying out provisions of the Federal Clean Water Act within Washington.  13 
Ecology is responsible for establishing water quality standards, making and enforcing 14 
water quality rules and operating waste discharge permit programs.  Washington State’s 15 
Forest Practices Act was enacted to create and maintain a comprehensive statewide system 16 
of laws and forest practices rules for non-Federal lands that foster the commercial timber 17 
industry while protecting the environment.  One of the purposes of the act is to “achieve 18 
compliance with all applicable requirements of Federal and State law with respect to non-19 
point sources of water pollution from forest practices” (RCW Chapter 76.09.010(2)(g)).  20 
The Washington Forest Practices Rules establish the permit program for non-point sources 21 
of pollution arising from forest practices (RCW Chapter 90.48.240(1)(3)).  Adoption of the 22 
Washington Forest Practices Rules “shall be accomplished so that compliance with such 23 
rules will achieve compliance with water pollution control laws” (RCW Chapter 24 
90.48.420(1)).  A representative from Ecology, which is the State agency empowered with 25 
enforcing Federal water quality requirements on behalf of EPA for the State of 26 
Washington, serves on the Forest Practices Board.  This representative’s role is to facilitate 27 
the Ecology’s co-adoption of all Washington Forest Practices Rules affecting water quality 28 
to ensure that all current and future forest practices rules are consistent with State and 29 
Federal water quality standards, including antidegradation. 30 

1.5.2.6 Hydraulic Project Approval 31 
Under the Hydraulic Code (RCW Chapter 77.55), a Hydraulic Project Approval from the 32 
WDFW is required for any construction activity in or near State waters.  A Hydraulic 33 
Project Approval (also known as an “HPA”) is also required for the performance of other 34 
work that will use, divert, obstruct, or change the natural flow or bed of any waters of the 35 
State.  This permit allows the WDFW to condition these activities, such as road crossings, 36 
to protect fish, shellfish, and their habitats.   37 

1.5.2.7 Growth Management Act 38 
The Growth Management Act was passed by the State Legislature in 1990 and amended in 39 
1991.  It addresses the consequences of population growth in Washington State.  The 40 
Growth Management Act requires all cities and counties in the State to protect critical 41 
areas and designate resource lands of long-term commercial significance.  The Growth 42 
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Management Act also requires the largest and fastest growing counties and cities in the 1 
State to prepare comprehensive land use plans.  For cities, comprehensive plans also 2 
address urban growth areas beyond the city limits.  Pursuant to the Growth Management 3 
Act, urban growth must occur in designated urban growth areas.  Most forest practices 4 
regulated under the Forest Practices Act occur in areas classified as “forestland” of “long-5 
term commercial significance” under the Growth Management Act, and thus are 6 
considered “natural resource lands” that receive additional protection from residential, 7 
commercial, and industrial development.  However, some forest practices also occur on 8 
other lands both outside and inside urban growth boundaries.   9 

1.6 ORGANIZATION OF THIS EIS 10 

This EIS has been prepared in accordance with NEPA and with the NEPA guidelines 11 
adopted by the NMFS and USFWS.  The EIS is a stand-alone document, but it should be 12 
reviewed in conjunction with the State’s FPHCP, which contains more detailed 13 
background information and an explanation of the Washington Forest Practices Regulatory 14 
Program.  Chapter 1 provides the background and context leading to the development of 15 
the proposed action.  It describes the purpose and need for action; describes the decisions 16 
to be made; describes scoping and the relevant issues; and explains the relationship of this 17 
action to other plans, regulations, and laws.  Chapter 2 describes each of the alternatives 18 
and lists their major components.  Chapter 3 describes the environment that would be 19 
affected under each of the alternatives, including the biological, physical, sociological, and 20 
economic aspects of each alternative.  Chapter 4 contains analyses of the potential direct 21 
and indirect effects of each alternative on the issues and resources identified in Chapter 3 22 
and compares alternatives to “no action.”  Chapter 5 addresses cumulative effects. 23 

The following information is included in this EIS, prior to Chapter 1:  a list of acronyms 24 
(inside front cover), a preface, a cover sheet, a glossary, and a summary.  After Chapter 5, 25 
these additional sections are included in this EIS:  a list of references, a distribution list, a 26 
list of preparers, and appendices. 27 
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Table 1-4. Federal and State Permits, Approvals, or Processes that may be 1 
Required for Forest Practices Activities Governed by the State. 2 

Permit, Approval or Process 
(Oversight Agency) 

Project Activities that Trigger Permit, Approval,  
or Process Requirements 

Federal Permits, Approval, or Process 

ESA Section 10 ITP (USFWS) Potential incidental take of federally listed threatened and endangered 
species.   

ESA Section 4(d) Take Limits 
or Exemptions (USFWS and 
NMFS) 

Limit or exemption on take prohibitions for threatened species 
specifically addressed in a Section 4(d) rule. 

NEPA (EPA) A NEPA EIS must be prepared for every major Federal action (project or 
programmatic) with the potential to significantly affect the quality of the 
environment.   

Clean Water Act, NPDES 
Permit (EPA, Delegated to 
Ecology in Washington State) 

Discharge of a pollutant or pollutants directly into surface waters of the 
United States from any point source.  EPA rules define water pollution 
from commercial forestlands as nonpoint except for four specific types of 
“silvicultural” point sources:  truck washes, gravel crushing/washing 
facilities, log storage yards, and log ponds. 

Clean Water Act Section 404 
Permit [U.S. Army Corps of 
Engineers (Corps)] 

Discharge of dredged or fill material into waters of the United States, 
including wetlands.  Permits are issued following public review and 
completed analyses as required by the EPA’s Section 404(b)(1) 
guidelines.  “Normal silviculture,” maintenance of currently serviceable 
structures and drainage ditches and, where consistent with Best 
Management Practices, construction and maintenance of forest roads 
generally are exempt from these permit requirements under Section 
404(f)(1) unless “recaptured” under 404(f)(2). 

Rivers and Harbors Act 
Section 10 Permit (Corps) 

(1) Construction of any structure in or over any navigable water of the 
United States, (2) excavation, dredging, or deposition of material in 
navigable waters, or (3) creation of any obstruction or alteration in a 
navigable water.   

Stevens Treaties with several 
Sovereign Indian Nations 

U.S. v Washington, The United States of America through treaties with 
several sovereign Indian Nations in Washington, has a trust responsibility 
to ensure that Treaty Indian tribes are afforded 50 percent of harvestable 
fish, and that the right to harvest fish is additionally respected by 
ensuring that habitat degradation does not impede the supply of fish. 

Secretarial Order 3206 
“American Indian Tribal 
Rights, Federal-Tribal Trust 
Responsibilities, and the 
Endangered Species Act” 

This Order clarifies the responsibilities of the agencies, bureaus, and 
offices of the Department of the Interior and the Department of 
Commerce when actions taken under authority of the ESA and associated 
implementing regulations affect, or may affect, Indian lands, tribal trust 
resources, or the exercise of American Indian tribal rights, as defined 
within the Order. 
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Table 1-4.  Federal and State Permits, Approvals, or Processes that may be 1 
Required for Forest Practices Activities Governed by the State 2 
(continued). 3 

Permit, Approval or Process 
(Oversight Agency) 

Project Activities that Trigger Permit, Approval,  
or Process Requirements 

State Permits, Approval, or Process 

SEPA (Ecology) A SEPA EIS must be prepared on proposals for legislation and other 
major actions having a probable significant, adverse environmental 
impact.  “Planned actions” are defined under RCW Chapter 43.21C.031 
(2).  A SEPA EIS may be needed for Class IV forest practices as defined 
by the Legislature and by Forest Practices Board rules.  RCW Chapter 
76.09.050(1); RCW Chapter 43.21C.037. 

Hydraulic Project Approval 
(WDFW) 

Construction activities within or affecting State waters trigger the 
Hydraulic Code of 1949, which requires that an Hydraulic Project 
Approval be obtained prior to commencing construction. 

State Shoreline Management 
Permit  (Local County or 
Ecology) 

Applies to activities taking place within 200 feet of “shorelines of the 
State” (Type 1 waters) and within associated wetlands.  Limits the 
amount of harvest in this zone within a 10-year period. 
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Table 1-5. Other Federal and State Environmental Review and Consultation 1 
Requirements. 2 

Consultation 
Requirement  

(Oversight Agency) 
Description of Consultation 

Required 
Project Activities Initiating 
Review and Consultation 

Federal Requirements 

ESA Section 7 
Consultation and Section 
10 Permits (USFWS and 
NMFS) 

Federal agencies must consult with 
the USFWS and/or NMFS under 
Section 7 when their actions may 
affect species listed under the ESA.  
Intra-Service consultation is also 
required for Service-proposed 
actions.   

If the Services determine that the 
project may affect ESA-listed 
species, then consultation is 
required (Section 7).  To obtain an 
ITP, non-Federal entities must 
prepare an approved HCP under 
Section 10.  

Magnuson-Stevens Fishery 
Management and 
Conservation Act  

Federal agencies must consult with 
NMFS if project activities will 
adversely affect “essential fish 
habitat.”  

Consultation recommendations for 
impacts on EFH, combined with 
Section 7 consultations when ESA 
species are affected. 

Clean Water Act and 
NEPA (EPA) 

EPA has oversight responsibility to 
ensure that Federal and State agencies 
comply with the provisions of the 
Clean Water Act and NEPA. 

Application for U.S. Army Corps 
of Engineers’ permit under Clean 
Water Act Section 404 and for 
preparation of a NEPA EIS.  

National Historic 
Preservation Act 

Federal agencies must consider the 
effects of their actions on properties 
eligible for the National Register of 
Historic Places.  

Federally funded action or 
application for any Federal permit.  

Archaeological Survey 
Review Pursuant to 
Archaeological Resource 
Protection Act and 
National Historic 
Preservation Act 
(Washington State Office 
of Archaeology and 
Historic Preservation)  

The State Historic Preservation 
Officer reviews and comments on 
archaeological surveys performed on 
site.  If resources are identified that 
could be affected by forest practices, 
the State Historic Preservation Officer 
is consulted for ways to avoid 
affecting resources or to determine 
eligibility for nomination to the 
National Register of Historic Places.  
The Advisory Council on Historic 
Preservation must concur. 

Archaeological survey conducted 
and determinations of eligibility 
and effect prepared; a management 
plan is circulated and signed by the 
project applicant, State lead agency, 
Federal lead agency, the State 
Historic Preservation Officer, and 
the Advisory Council on Historic 
Places. 

State Requirements 

Growth Management Act 
Critical Areas Ordinances 

Must designate and protect. Assumed valid upon adoption by 
local governments. 

Growth Management Act 
Designation of Resource 
Lands 

Must designate and protect. Assumed valid upon adoption by 
local governments. 

Growth Management Act 
Comprehensive Land Use 
Plans 

Planning counties and cities must 
plan and regulate land use. 

Assumed valid upon adoption by 
local governments. 
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 19 

2.1 INTRODUCTION 20 
This chapter describes and compares the alternatives under consideration in this Final 21 
Environmental Impact Statement (FEIS), including the proposed action.  The alternatives 22 
pertain to the Services’ decision of whether to grant take authorization for the Forest 23 
Practices Regulatory Program and to the forest landowners that are regulated by the 24 
Program, including the State and large and small private forest landowners as defined in 25 
Washington Administrative Code (WAC) 222-16-010 (“Forest Landowner,” effective 26 
October 31, 2003).  Figure 1-1 in Chapter 1 provides a map of the lands subject to the 27 
Washington Forest Practices Regulatory Program.  Table 1-2, also in Chapter 1, provides 28 
an acreage breakdown of the ownership of these lands.  The first subsection below 29 
describes the process followed to formulate the alternatives.  The next subsection describes 30 
the alternatives that are analyzed in detail in this EIS.  That subsection is followed by a 31 
description of the alternatives that were considered but eliminated from detailed analysis.   32 

2.2 ALTERNATIVE DEVELOPMENT 33 
Beginning in late 2002 and continuing through late 2003, a series of meetings was held to 34 
discuss the impending application(s) from the State of Washington (hereinafter referred to 35 
as the State) for incidental take authorization under the Endangered Species Act (ESA), 36 
from the National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife 37 
Service (USFWS).  These meetings were attended by representatives from the Services, the 38 
U.S. Environmental Protection Agency (EPA), the State (including the Governor’s office, 39 
Washington Department of Natural Resources, Washington Department of Ecology 40 
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(Ecology), and Washington Department of Fish and Wildlife), the Northwest Indian 1 
Fisheries Commission, the Washington Forest Protection Association, the Washington 2 
Farm Forestry Association, and the EIS consultant (Tetra Tech FW).  The discussions at 3 
these meetings included possible alternatives to be considered in the EIS.   4 

The results of public scoping for the EIS (subsection 1.4, Scoping and the Relevant Issues) 5 
were also used by the EIS team to help identify possible alternatives.  Based on public 6 
scoping input and discussions at the EIS team meetings, seven alternatives were identified.  7 
Of these seven, four alternatives were found to capture the full range of reasonable 8 
alternatives, and are analyzed in detail in this EIS.  The other three potential alternatives 9 
were considered but eliminated from detailed analysis because they would not fulfill the 10 
purpose and need for action. 11 

2.3 ALTERNATIVES ANALYZED IN DETAIL 12 
Four alternatives are analyzed in detail in this EIS.  The alternatives differ in two primary 13 
ways:  1) the type of ESA take authorization that would be issued by the Services, and 14 
2) the details of the forest practices regulatory and non-regulatory programs that would be 15 
implemented.  With regard to the type of ESA take authorization, three possibilities are 16 
considered: 1) no ESA take authorizations, 2) issuance of ITPs by both Services and 17 
implementation of an HCP under ESA Section 10(a)(1)(B), and 3) issuance of a take limit 18 
(NMFS) or take exemption (USFWS) under ESA Section 4(d).   19 

With regard to how the various components of the Forest Practices Regulatory Program 20 
would be conducted, 10 specific resource components are described within each of the four 21 
alternatives including: water typing, riparian habitat, wetlands, hydrology, forest 22 
pesticides, unstable slopes, forest roads, Watershed Analysis, cultural resources, and 23 
adaptive management.  These 10 components correspond to the primary components of the 24 
forest practices rules.   25 

The Washington Forest Practices Rules (WAC 222) are adopted by the Washington Forest 26 
Practices Board under the authority of the Washington Forest Practices Act (Revised Code 27 
of Washington [RCW] Chapter 76.09) and are administered and enforced by the 28 
Washington DNR as the Forests Practices Regulatory Program.  These rules apply to forest 29 
management and timber harvest on all non-Federal and non-tribal forestlands in 30 
Washington State.  However, the Washington Forest Practices Rules specify that existing 31 
HCPs and other conservation agreements that apply to certain non-Federal and non-tribal 32 
landowners may satisfy certain requirements in the rules.  Landowners must provide to 33 
Washington DNR a proposed list of specific rules replaced by the existing HCP or other 34 
conservation agreement.  Also, certain lands within urban growth areas are likely to be 35 
converted to other uses and may be regulated by city or county governments through local 36 
critical area ordinances. 37 

The four alternatives described in this section include the no action alternative (No Action 38 
Alternative 1), two alternatives that represent the State’s proposed action (Alternatives 2 39 
and 3), and another alternative that represents a more protective alternative (Alternative 4).  40 
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Two versions of the State’s proposed action are included in this EIS because the State has 1 
applied for take authorizations under both ESA Section 10(a)(1)(B) and ESA Section 4(d). 2 

2.3.1 Alternative 1 (No Action)  3 
2.3.1.1 General Description 4 
Under the No Action Alternative 1, the Services would not issue take authorization to the 5 
State of Washington for the Forest Practices Regulatory Program under ESA Section 6 
10(a)(1)(B) or ESA Section 4(d).  The State would regulate non-Federal and non-tribal 7 
forestlands under the Forest Practices Regulatory Program in place in 2004, and as they 8 
may be modified under existing statutory authority into the future.  The Services would 9 
enforce the prohibition against take of listed species through Section 9 of the ESA by 10 
prosecuting violations of the ESA, as appropriate.  No defense to third party civil actions to 11 
enforce the take prohibition would be provided by any take authorization issued by the 12 
Services. 13 

This alternative provides a baseline for comparison of the other three alternatives so that 14 
the effects of the other alternatives can be measured on a standard scale.  The evaluation of 15 
effects is presented in Chapter 4, Environmental Effects.   16 

Defining No Action Alternative 1 is somewhat complicated by the fact that the State of 17 
Washington is already implementing the Program for which it is seeking take authorization 18 
and has been directed by the State Legislature to apply for take authorization from the 19 
Services, anticipating that those Federal assurances will be obtained by June 30, 2005,  20 
(RCW Chapter 77.85.190(1)).  Importantly, the Legislature indicated that if take 21 
authorization is not granted, the Legislature shall  22 

…review chapter 4, Laws of 1999 sp. sess., all rules adopted by the Forest 23 
Practices Board, the Department of Ecology, or the Department of Fish 24 
and Wildlife at any time after January 1, 1999, that were adopted 25 
primarily for the protection of one or more aquatic resources and affect 26 
forest practices and the terms of the Forests and Fish Report, and shall 27 
take such action, including the termination of funding or the modification 28 
of other statutes, as it deems appropriate (RCW Chapter 77.85.190(2)).   29 

In addition, the Forest Practices Salmon Recovery Act: 1) directed the Forest Practices 30 
Board to adopt permanent rules consistent with the Forests and Fish Report (FFR) or to 31 
explain any deviations; 2) created landowner incentive programs to offset financial burdens 32 
placed upon landowners by the Washington Forest Practices Rules (Forestry Riparian 33 
Easement Program, RCW Chapter 76.13.100 et seq.; Riparian Open Space Program, RCW 34 
Chapter 76.09.040(3); Tax Credit Program RCW Chapters 84.33 and 34); and 3) provided 35 
direction to the Washington DNR and Ecology with respect to implementation, 36 
enforcement, and future changes to the Washington Forest Practices Rules.  The complete 37 
text of Chapter 4 of the Laws of 1999 is provided in Appendix C of this FEIS. 38 
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As a result, the description of the No Action alternative requires, at a minimum, the 1 
interpretation of the statement of legislative intent contained in RCW Chapter 77.85.190(1) 2 
and the political influences, if any, that will be considered by the Legislature.   3 

If the Services are unable to offer Federal assurances, and the Legislature “reviewed” the 4 
1999 Forest Practices Salmon Recovery Act and the associated rules, the Legislature would 5 
almost certainly reconsider the passage of ESHB 2091 (FPHCP Appendix C) requiring 6 
rules based upon the FFR (FPHCP Appendix B).  Any such review would be conducted 7 
within a context that would include the fact that, for the first time, a Timber, Fish, and 8 
Wildlife (TFW)/FFR-derived proposal did not result in the anticipated level of regulatory 9 
certainty.  Regulatory certainly has historically been a primary outcome desired by 10 
commercial timberland owners and the State of Washington, in the TFW/FFR 11 
collaboration.  In this instance, the level of regulatory certainty expected is not in question; 12 
it specifically anticipates Federal take authorization under the ESA.   13 

If incidental take authorization did not accompany the adoption of the Washington Forest 14 
Practices Rules based on the Forests and Fish RulesFFR, it is unlikely that landowners or 15 
some other participating stakeholders would view continued support of FFR collaboration 16 
to be in their best interest.  In short, these stakeholders likely would have the view that they 17 
did not receive the “benefit of the bargain.”  They would be absorbing higher economic 18 
costs as a result of regulations without the anticipated economic savings provided by the 19 
regulatory certainty associated with take authorization. 20 

While there may be many opinions, each person associates the “no action” alternative with 21 
some given level of regulatory certainty.  Without the anticipated added regulatory 22 
certainty provided by take authorization, it is reasonable to assume that landowners, at 23 
least, would examine whether a reduced level of regulation would provide the same level 24 
of regulatory certainty as exists with the Washington Forest Practices Rules.  It is 25 
reasonable to assume that they may perceive that conservation measures contained in the 26 
existing regulations, while potentially appropriate to meet the Section 10(a)(1)(B) or ESA 27 
Section 4(d) standards, go beyond those necessary to avoid the reasonable risk of being 28 
found to violate Section 9 take prohibitions.  Further, it is reasonable to assume that FFR 29 
stakeholders most affected by the lack of regulatory certainty would approach the 30 
Legislature accordingly.  The specific language of RCW Chapter 77.85.190 clearly 31 
anticipates such a response to a failure to obtain take authorization. 32 

Specific legislative response in the context of the No Action alternative and the resulting 33 
failure of the FFR collaboration is uncertain.  The legislative language of RCW Chapter 34 
77.85.190 anticipates a legislative response of some kind.  Landowners, at a minimum, 35 
would believe that they had been adversely affected by the adoption of Washington Forest 36 
Practices Rules without the associated incidental take authorization.  It is reasonable to 37 
assume that relevant statutes could be modified to allow the forest practices rules to be 38 
“rolled-back,” at least to the point at which landowners believed that their risk of a claim 39 
under Section 9 was sustainable in a court of law (i.e., the point at which their perceived 40 
regulatory risk was not increased by the change in regulations).   41 
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The Legislature could also fail to act affirmatively in support of the Washington Forest 1 
Practices Rules based on the FFR, reducing or failing to fund FFR programs, resulting in 2 
the reduction or elimination of landowner incentive programs, research and adaptive 3 
management, and a reduction in staff for implementation and enforcement of the rules.  4 
Because of the legislative direction that regulations be modified by the Forest Practices 5 
Board essentially only through the adaptive management program (subsection 1.3.1.2, The 6 
Forests and Fish Report), reductions in the adaptive management program would slow the 7 
pace at which regulations are improved.   8 

In summary, the No Action alternative could result in a range of possible outcomes that 9 
would occur over time, initiated by the deliberate action or inaction of state and Federal 10 
decision-makers and Forests and Fish stakeholders.  With any of the outcomes, it is 11 
unlikely that the FFR would continue to be supported by many of the stakeholders.  The 12 
precise range of outcomes is difficult to predict.  However, to provide a meaningful 13 
baseline for comparison, two scenarios are described below which constitute the reasonable 14 
endpoints of the range of possible outcomes under No Action Alternative 1.   15 

One scenario is represented by the current Washington Forest Practices Regulatory 16 
Program and Washington Forest Practices Rules.  However, it is expected that Program 17 
elements would be less functional, particularly over time, under this scenario compared 18 
with current conditions.   19 

The other scenario involves reverting back to the Forest Practices Regulatory Program and 20 
rules in effect on January 1, 1999.  This scenario would require action by the Washington 21 
State Legislature.  While the number of outcomes of potential legislative action is 22 
unlimited, the scenario is selected for three reasons.  First, it encompasses to the fullest 23 
extent the legislative response to the stated intention to “review all rules adopted . . . at any 24 
time after January 1, 1999.”  Second, unlike any other potential scenario, the regulations in 25 
effect on January 1, 1999 are not speculative; they are specific and available for analysis 26 
and comparison in this FEIS.  Third, while a “roll-back” of regulations could stop short of 27 
those in effect on January 1, 1999 (but require significant speculation to determine), those 28 
regulations clearly have been identified by the Legislature as the “sideboard” of potential 29 
changes so that any other reasonably likely outcome will lie within the scope of the 30 
analysis in this FEIS.   31 

Alternatives 2, 3, and 4 are compared to both No Action Alternative 1 scenarios to measure 32 
the relative effects of those alternatives in Chapter 4 (Environmental Effects).  Following is 33 
a description of the two No Action Alternative 1 scenarios.  34 

No Action Alternative 1- Scenario 1: Current Washington Forest Practices 35 
Rules with a Degraded Adaptive Management Program 36 
This scenario assumes that the current Washington Forest Practices Rules and DNR’s 37 
current forest practices application review, approval, and compliance program would 38 
remain in effect.  No legislative action would be taken to modify RCW Chapter 77.85.190.  39 
However, following a No Action decision by the Services, No Action 40 
Alternative 1-Scenario 1 would likely result in a substantial reduction in the amount of 41 
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collaboration and participation among Forests and Fish stakeholders (particularly 1 
landowner participation) in the implementation of many of the non-regulatory elements of 2 
the FFR.  These non-regulatory elements include stakeholder support of and broad 3 
participation in adaptive management, alternate plans, board manual development, 4 
information technology, implementation tools, and training.  Specifically, it is expected 5 
that landowner participation in the adaptive management program would cease because the 6 
cost of participation would not result in the anticipated benefit of regulatory certainty.  7 
Regulatory certainty, resulting from receiving ESA take authorization, is one of the 8 
primary incentives for landowner participation and support for implementation of the FFR.  9 
Further, because the economic benefits of regulatory stability would not be as anticipated, 10 
private forest landowners may be more likely to reduce silvicultural investments (e.g., 11 
thinning and fertilization) on their lands or convert their lands to non-forest purposes 12 
without Federal regulatory certainty. 13 

Without stakeholder collaboration and participation, it is anticipated that public financial 14 
support for the non-regulatory elements of the FFR would likely terminate by the end of 15 
State fiscal year 2006 (June 30, 2006), which could result in a reduction in staff for 16 
implementation and enforcement of the Washington Forest Practices Rules.    17 

Reduced stakeholder participation and reduced funding support would substantially 18 
degrade the adaptive management program, including the associated monitoring programs.  19 
These programs form the mechanism in the FFR for modifying the Washington Forest 20 
Practices Rules over time.  As a result, the pace at which Washington Forest Practices 21 
Rules are improved over time would slow.  For the same reason, assessing the degree to 22 
which the current Washington Forest Practices Rules meet established resource goals and 23 
objectives would be difficult and degrade over time.  In addition, landowner incentive 24 
programs, such as the Riparian Open Space Program and the Forestry Riparian Easement 25 
Program, could be substantially reduced or terminated due to lack of funding.  26 

No Action Alternative 1- Scenario 2: Washington Forest Practices Rules in 27 
Effect on January 1, 1999 28 
No Action Alternative 1-Scenario 2 assumes that the outcomes described in No Action 29 
Alternative 1-Scenario 1 would occur, including lack of support, participation, and funding 30 
for implementation and enforcement of the current Washington Forest Practices Rules, the 31 
adaptive management program, and the landowner incentive programs.  However, No 32 
Action Alternative 1-Scenario 2 also assumes that the Washington State Legislature would 33 
allow the Forest Practices Board to repeal the State rules that resulted from the FFR 34 
adopting in their place the rules that were in effect on January 1, 1999 (See above).  The 35 
erosion of resource protective measures, as well as the lack of the anticipated regulatory 36 
certainty inherent in the failure to receive Federal assurances, would result in further 37 
reductions from No Action Alternative 1-Scenario 1 in both stakeholder participation and 38 
support for the non-regulatory element of the program as well as reductions in funding.  No 39 
Action Alternative 1-Scenario 2 would likely signify the end of the stakeholder 40 
collaboration based on the FFR. 41 
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The Washington Forest Practices Rules pertaining to upland wildlife habitat became 1 
effective in July 1996 and were not part of the rules resulting from the FFR.  Therefore, 2 
these particular rules would not be repealed under Alternative 1-Scenario 2.  The rules 3 
include special provisions for 1) critical habitats (state-defined) of threatened and 4 
endangered species (WAC 222-16-080); 2) northern spotted owl habitats (WAC 222-16-5 
085 and 086); 3) the marbled murrelet special landscape (WAC 222-16-087); 4) planning 6 
options for the northern spotted owl (WAC 222-16-100); and 5) cooperative habitat 7 
enhancement agreements (WAC 222-16-105).  These rules would remain the same under 8 
each of the EIS alternatives. 9 

2.3.1.2 Washington Forest Practices Rules and Program – Specific 10 
Description 11 

Under No Action Alternative 1, the specific rules and programs to be implemented would 12 
vary depending on the scenario.  A summary of the rules and programs under each scenario 13 
is provided below. 14 

No Action Alternative 1- Scenario 1 15 
With No Action Alternative 1-Scenario 1, the current Washington Forest Practices Rules 16 
and the Forest Practices Regulatory Program would be implemented.  However, following 17 
a No-Action decision by the Services, No Action Alternative 1-Scenario 1 would likely 18 
result in a substantial reduction in the non-regulatory elements of the Forest Practices 19 
Regulatory Program based on the FFR, particularly over time.  Specifically, it is expected 20 
that landowner participation in the adaptive management program would cease because the 21 
anticipated level of regulatory certainty provided by ESA take authorization or limits 22 
would not exist.  Because the adaptive management program would be degraded, the pace 23 
at which the Washington Forest Practices Rules are improved over time would slow 24 
(subsection 1.3.1.2, The Forests and Fish Report).   25 

Water Typing 26 
Under No Action Alternative 1-Scenario 1, water-typing rules would be the same as the 27 
current rules.  The following three water types are identified: 28 

• Type S:  All waters inventoried as Shorelines of the State. 29 
• Type F:  Waters not classified as Type S, which contain fish habitat.  It also includes 30 

some waters diverted for domestic and fish hatchery use.  31 
• Type N:  Waters not classified as Type S or F, which are either perennial streams or 32 

are physically connected by an above-ground channel system to downstream waters 33 
such that water or sediment initially delivered to such waters will eventually be 34 
delivered to a Type S or F water.  Type N waters include two subcategories: seasonal 35 
and perennial streams. 36 

Streams of the State would be classified according to this system by Washington DNR in 37 
cooperation with Washington Department of Fish and Wildlife (WDFW) and Ecology, and 38 
in consultation with affected Indian tribes.  The mapping would be based on a multi-39 
parameter, field-verified Geographic Information System (GIS) logistic regression model.  40 
This model would be fish habitat-driven and use geomorphic parameters such as basin size, 41 
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stream gradient, and elevation.  Until these water type maps are available, an interim 1 
typing system would be used.  Fish habitat water types would be reviewed and updated, as 2 
necessary, every 5 years based on observed field conditions. 3 

Riparian Habitat 4 
Under No Action Alternative 1-Scenario 1, the riparian habitat rules would be the same as 5 
the current rules.  Riparian Management Zones (RMZs) are identified along all Type S and 6 
F waters.  RMZs are measured horizontally from the bankfull width or from the edge of the 7 
Channel Migration Zone, if present.  The Channel Migration Zone is defined as the area 8 
where the active channel is prone to move and where such movement would result in a 9 
potential near-term loss of riparian forest adjacent to the stream.  RMZs differ between 10 
western and eastern Washington.  RMZ dimensions also vary depending on the stream 11 
type, the site class of the land adjacent to the typed water, the management harvest option, 12 
and the stream size.  No-harvest buffers are identified along some Type N waters and 13 
Equipment Limitation Zones are identified along all Type N waters.  14 

This section provides a general description of the riparian measures that would remain in 15 
effect under No Action Alternative 1-Scenario 1.  A detailed description of these riparian 16 
habitat components is provided in WAC 222-30-021 and WAC 222-30-022. 17 

In addition to the RMZ requirements identified in this section, Type S waters are given 18 
additional protection under the Shoreline Management Act.  Restrictions under the Act are 19 
implemented and enforced at the county level and include the establishment of a 200-foot 20 
Shoreline Management Zone, measured from the ordinary high water mark along 21 
Shorelines of Statewide Significance.  Typically, a landowner may remove no more than 22 
30 percent of the available merchantable trees within the Shoreline Management Zone, 23 
every 10 years using a selective harvest strategy, unless either local government or 24 
Ecology grants prior approval. 25 

Western Washington—Type S and F Waters 26 
In western Washington, RMZs for Type S and F waters are divided into three zones along 27 
the stream:  the core zone is adjacent to the bankfull width or Channel Migration Zone 28 
outer edge and is closest to the water, the inner zone is adjacent to the core zone, and the 29 
outer zone is adjacent to the inner zone and is farthest from the water (Figure 2-1).   30 

Core Zone.  The core zone in western Washington is 50 feet in width.  With the exception 31 
of approved road crossings and yarding corridors, no timber harvest or construction is 32 
allowed in the core zone.  Any trees cut for or damaged by yarding corridors must be left 33 
on the site.  Any trees cut as the result of road construction to cross a stream may be  34 
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removed from the site, unless used as part of a large woody debris (LWD) placement 1 
strategy or as needed to reach stand requirements. 2 

Inner Zone.  The inner zone varies from 10 to 100 feet in width, depending on stream size, 3 
forestry site class of adjacent lands, and the management option selected (described 4 
below).  Timber harvest in the inner zone is permitted only when the riparian 5 
characteristics of an existing stand exceed the riparian stand target requirement.  The stand 6 
requirement is the number of trees per acre; basal area per acre; and the proportion of 7 
conifer, in the combined inner zone and adjacent core zone, that will provide target riparian 8 
stand conditions when the stand is 140 years old.  This future stand is referred to as the 9 
desired future condition (DFC) and varies with the site class.  Growth modeling is 10 
necessary to calculate whether a particular stand meets the stand requirement and is on a 11 
trajectory towards the DFC.  The growth model is based on stand characteristics and on 12 
specific components identified in the Washington Forest Practices Board Manual (2001b). 13 

When the existing stand in the combined core and inner zone does not meet stand target 14 
requirements, no-harvest is permitted in the inner zone, except for the purpose of hardwood 15 
conversion (See below).  Two management options are available when basal area exceeds 16 
the stand requirement.  Widths of inner and outer zones differ between Option 1 and 17 
Option 2. 18 

Option 1 for Inner Zones—Thinning from Below.  If trees can be harvested and removed 19 
from the inner zone because of surplus basal area consistent with the stand target 20 
requirement, then Option 1, referred to as “thinning from below,” can be implemented.  21 
The objective of thinning is to distribute leave trees in such a way as to shorten the time 22 
required to provide large wood for fish habitat and to protect water quality.  This is 23 
achieved by increasing the potential for leave trees to grow larger and more rapidly than 24 
they otherwise would without thinning.  Trees harvested under Option 1 must comply with 25 
the following: 26 

a) Residual trees left in the combined core and inner zones must meet stand target 27 
requirements necessary to be on a trajectory to DFC.  28 

b) Thinning must be from below, meaning the smallest diameter (in diameter at breast 29 
height [dbh]) trees would be selected for harvest first, then selection would 30 
progress to successively larger diameters. 31 

c) Thinning cannot decrease the proportion of conifer in the stand. 32 
d) Shade retention to meet the shade rule must be confirmed by the landowner for any 33 

harvest inside of 75 feet from the bankfull width or edge of the Channel Migration 34 
Zone, whichever is greater. 35 

e) The number of residual trees per acre in the inner zone will equal or exceed 57. 36 

Two other factors affect the amount of harvest under Option 1:  1) the presence of existing 37 
stream-adjacent parallel roads within the inner or core zone and 2) the use of yarding 38 
corridors across the RMZ.  In both cases, the shortfall of basal area due to these factors has 39 
to be accounted for by reducing harvest elsewhere in the forest practice unit boundary.  40 
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Implementation of an acceptable LWD placement plan can be used to make up for 1 
shortfalls due to stream-adjacent parallel roads.  2 

Table 2-1 identifies the width of each zone within an RMZ in which Option 1 is 3 
implemented, given the stream width and site class of adjacent land. 4 

Table 2-1. Option 1, Thinning from Below. 5 
Inner Zone Width 

(measured from outer 
edge of core zone) 

Outer Zone Width 
(measured from outer 

edge of inner zone) 

Site 
Class 

RMZ 
Width 
(feet) 

Core Zone Width 
(measured from 

Bankfull width or 
Channel Migration 

Zone of water) 
(feet) 

Stream 
Width <10 

feet 

Stream 
Width >10 

feet 

Stream 
Width <10 

feet 

Stream 
Width>10 

feet 
I 200 50 83 100 67 50 
II 170 50 63 78 57 42 
III 140 50 43 55 47 35 
IV 110 50 23 33 37 27 
V 90 50 10 18 30 22 

≤ = less than or equal to 6 
≥ = greater than or equal to 7 
< = less than 8 
> = greater than 9 

Option 2 for Inner Zones—Leaving Trees Closest to the Water.  If trees can be harvested 10 
and removed from the inner zone because of surplus basal area consistent with the stand 11 
target requirement, then Option 2 can be implemented.  Option 2 applies only to RMZs on 12 
Site Classes I, II, and III, on streams that are less than or equal to 10 feet wide, and to 13 
RMZs on Site Classes I and II for streams greater than 10 feet wide.  Harvest must comply 14 
with the following:  15 

a) Harvest is not permitted within 30 feet of the core zone for streams less than or 16 
equal to 10 feet wide, and harvest is not permitted within 50 feet of the core zone 17 
for streams greater than 10 feet wide. 18 

b) Residual leave trees in the combined core and inner zone must meet the stand 19 
target requirements needed to be on a trajectory to the DFC. 20 

c) A minimum of 20 riparian leave trees per acre must be retained in any portion of 21 
the inner zone where harvest occurs.  These riparian leave trees are not counted or 22 
considered towards meeting applicable stand requirements, nor can the number be 23 
reduced below 20 for any reason.  24 

d) Trees are selected for harvest starting from the outermost portion of the inner zone 25 
first, then selected progressively closer to the stream. 26 

e) If the existing stand conditions in the core and inner zones result in surplus basal 27 
area per the stand target requirement, the landowner may take credit for the surplus 28 
by harvesting additional riparian leave trees required to be left in the adjacent outer 29 
zone on a basal-area-for-basal area basis.  The number of leave trees in the outer 30 
zone cannot be reduced below 10 trees per acre (except for Channel Migration 31 
Zone credit). 32 
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As is the case for Option 1, the presence of stream-adjacent parallel roads within the inner 1 
or core zone and the use of yarding corridors across the RMZ also affect the amount that 2 
can be harvested under Option 2.  In both cases, the shortfall of basal area due to these 3 
factors has to be accounted for by reducing harvest elsewhere in the forest practice 4 
boundary.  Implementation of an acceptable LWD placement plan can be used to make up 5 
for shortfalls due to roads.  6 

Table 2-2 identifies the width of each zone within an RMZ in which Option 2 is 7 
implemented, given the stream width and site class of adjacent land. 8 

Table 2-2. Option 2, Leaving Trees Closest to Water. 9 
Inner Zone Width2/ Outer Zone Width3/ 

Site 
Class 

RMZ 
Width 
(feet) 

Core 
Zone 

Width1/ 
(feet) 

Stream 
Width <10'4/ 

(feet) 

Stream 
Width >10' 5/ 

(feet) 

Stream 
Width <10'1/ 

(feet) 

Stream 
Width >10 

(feet) 
I 200 50 844/ 845/ 66 66 
II 170 50 644/ 705/ 56 50 
III 140 50 444/ 6/ 46 6/ 

1/  Measured from bankfull width or edge of the Channel Migration Zone, if present. 
2/  Measured from outer edge of core zone. 
3/  Measured from outer edge of inner zone. 
4/  Under Option 2, harvest is not permitted within 30 feet of the core zone for streams less than or equal to 10 feet wide. 
5/  Under Option 2, harvest is not permitted within 50 feet of the core zone for streams greater than 10 feet wide. 
6/  Option 2 is not permitted for Site Class III on streams greater than 10 feet wide. 
≤ = less than or equal to 
≥ = greater than or equal to 
< = less than 
> = greater than 

Hardwood Conversion for Inner Zones.  Landowners have the option of converting 10 
hardwood-dominated riparian stands to conifer-dominated stands in the inner zone of the 11 
RMZ in western Washington only.  The riparian areas must be hardwood-dominated stands 12 
with evidence that conifers were dominant in the past.  The objective of the hardwood 13 
conversion rule is to improve long-term riparian function by allowing landowners to 14 
remove most hardwoods in the conversion area and restock the area with conifers.  There 15 
are numerous requirements and restrictions to implementing hardwood conversion.  The 16 
following must apply for a landowner to obtain approval for hardwood conversion: 17 

a) The combined core and inner zone do not meet stand target requirements. 18 

b) There are fewer than 57 conifer trees 8 inches or larger in dbh per acre. 19 

c) There are fewer than 100 conifer trees 4 inches or larger in dbh per acre. 20 

d) Individual conversion areas are limited to 500 feet in length along a stream. 21 

e) Landowners must own the land 500 feet above and below the harvest unit. 22 

f) No stream adjacent parallel roads are present in the core or inner zone. 23 

g) The landowner has performed post-harvest treatment to the satisfaction of the 24 
Washington DNR on previously converted hardwood-dominated stands. 25 



 
 
 
 
 
 

Final EIS Alternatives 
 

Chapter 2 

2-13

Once hardwood conversion is approved, harvest is restricted by the following: 1 

a) Conifer trees greater than 20 inches dbh shall not be harvested in the conversion 2 
area. 3 

b) No more than 10 percent of the conifer trees greater than 8 inches dbh may be 4 
harvested. 5 

c) The conversion area must be restocked with conifers and provided with post-6 
harvest treatment to ensure conifer seedling survival. 7 

The rule includes a component for tracking conversion rates on a watershed basis.  The 8 
adaptive management program is charged with identifying adverse-effect thresholds for 9 
conversion levels on a watershed basis. 10 

Outer Zone.  Timber harvest in the outer zone must leave 20 riparian leave trees per acre 11 
after harvest.  Riparian leave trees are trees that must be left after harvest in the outer zone 12 
in western Washington and are identified in Table 2-3.  These trees must be left uncut 13 
throughout all future harvests. 14 

Table 2-3. Outer Zone Riparian Leave Tree Requirements for Western 15 
Washington. 16 

Application 
Leave Tree 

Spacing Tree Species 
Minimum dbh  

Required 
Outer zone  Dispersed Conifer 12-inch dbh or greater 
Outer zone Clumped Conifer 12-inch dbh or greater 
Protection of 
sensitive features 

Clumped Trees representative of the 
overstory including both 
hardwood and conifer 

8-inch dbh or greater 

The riparian leave trees must be left on the landscape according to one of the following 17 
two strategies.  The third strategy is available to landowners who agree to an LWD 18 
placement plan. 19 

a) Dispersal strategy.  Riparian leave trees, which means conifer species with a dbh 20 
of 12 inches or greater, must be left dispersed approximately evenly throughout the 21 
outer zone.  22 

b) Clumping strategy.  Riparian leave trees must be left clumped in the following 23 
way:  clump trees, with a dbh of 8 inches or greater, in or around sensitive features 24 
(primarily seeps and springs, forested wetlands, areas that would provide 25 
windthrow protection, small unstable slopes, or archaeological or historic sites) to 26 
the extent these are present in the outer zone.  If sensitive features are not present, 27 
then clumps must be well distributed throughout the outer zone, and the leave trees 28 
must be at least 12 inches dbh in size.   29 

c)  LWD in-channel placement strategy.  A landowner may design an LWD 30 
placement plan in cooperation with WDFW.  When an LWD placement plan is 31 
approved, the landowner may reduce the number of trees that have to be left in the 32 
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outer zone to the extent provided in the approved LWD placement plan, but not 1 
below a minimum of 10 trees per acre (except for Channel Migration Zone credit).  2 

The 20 riparian leave trees can be reduced in number in two situations:  1) if a landowner 3 
agrees to implement a placement strategy as described in the preceding paragraph, or 2) if 4 
trees are left in an associated Channel Migration Zone.  In the latter case, the landowner 5 
may reduce the number of trees that have to be left according to specified rules (WAC 222-6 
30-021*(1)(c)(iv)). 7 

Western Washington—Type N Waters 8 
In western Washington, two types of buffers are defined for Type N waters.  First, an 9 
Equipment Limitation Zone is defined for all Type N waters.  Second, a 50-foot-wide 10 
buffer is required for at least 50 percent of Type N perennial streams.  These are described 11 
below. 12 

Equipment Limitation Zones—Type N Waters.  The area between the bankfull width 13 
edge of a Type N water and a line 30 feet from such an edge is established as an 14 
Equipment Limitation Zone.  Landowners must mitigate for the disturbance of more than 15 
10 percent of the soil within any Equipment Limitation Zone as a result of the use of 16 
ground-based equipment, skid trails, stream crossings (other then road crossings), or 17 
partially suspended cabled logs.  A number of other rules designed to reduce soil 18 
disturbance, apply to cable yarding, skid trail location and construction, and other logging 19 
activities. 20 

No-Harvest Buffers—Type N Perennial Waters.  For Type N perennial streams, a 50-21 
foot, no-harvest buffer is established along each side of the stream for at least 50 percent of 22 
the stream length.  The locations for these buffers are to include a 500-foot length upstream 23 
from the junction of the Type N stream with a Type S or F stream and a specified area 24 
associated with sensitive sites (including soil zones perennially saturated from a headwall 25 
seep, a side-slope seep, a headwater spring of perennial flow for a Type N perennial water, 26 
an alluvial fan, or the point of intersection of two or more Type N perennial streams).  If 27 
these sensitive sites do not add up to 50 percent of the stream, then the landowner must add 28 
buffers in specified priority areas.  Additional acres equal to the number of acres occupied 29 
by an existing stream-adjacent parallel road within a specified sensitive site buffer or 30 
priority area must also be added.  Landowners are also required to the extent reasonably 31 
practical, to avoid creating yarding corridors and road crossings through sensitive sites and 32 
to avoid soil compaction and vegetation removal in perennially moist areas. 33 

Eastern Washington—Type S and F Waters 34 
In eastern Washington, RMZs for Type S and F waters are also divided into three zones:  35 
the core zone is nearest to the water and adjacent to the bankfull width or Channel 36 
Migration Zone outer edge, the inner zone is adjacent to the core zone, and the outer zone 37 
is adjacent to the inner zone and is farthest from the water (Figure 2-2).  38 

Core Zone.  The core zone in eastern Washington is 30 feet in width.  With the exception 39 
of approved road crossings and yarding corridors, no timber harvest or construction is 40 
allowed in the core zone.  Any trees cut for or damaged by yarding corridors must be left 41 
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on site.  Any trees cut as the result of road construction to cross a stream may be removed 1 
from the site, unless used as part of a LWD replacement strategy. 2 

Inner Zone.  The inner zone varies from 45 to 70 feet in width, depending on stream size 3 
and site class of adjacent lands.  The degree of timber harvest permitted in the inner zone 4 
varies by habitat type.  Three habitat types are defined for eastern Washington based on 5 
elevation:  ponderosa pine (0 to 2,500 feet), mixed conifer (2,501 to 5,000 feet), and high 6 
elevation (greater than 5,000 feet) habitat types.  Tables 2-4 and 2-5 present RMZ widths 7 
for eastern Washington areas.   8 

Table 2-4. Eastern Washington RMZ Widths for Streams Less than or Equal to 9 
15 Feet Wide. 10 

Site Class 
Total RMZ 
Width (feet) 

Core Zone Width1/ 
(feet) 

Inner Zone 
Width (feet) 

Outer Zone 
Width (feet) 

I 130 30 45 55 
II 110 30 45 35 
III 90 30 45 15 
IV 75 30 45 0 
V 75 30 45 0 

1/  Measured from bankfull width or edge of Channel Migration Zone, if present. 

 11 

Table 2-5. Eastern Washington RMZ Widths for Streams Greater than 15 Feet 12 
Wide. 13 

Site Class 
Total RMZ 
Width (feet) 

Core Zone Width1/ 
(feet) 

Inner Zone 
Width (feet) 

Outer Zone 
Width (feet) 

I 130 30 70 30 
II 110 30 70 10 
III 100 30 70 0 
IV 100 30 70 0 
V 100 30 70 0 

1/ Measured from bankfull width or edge of Channel Migration Zone, if present. 

 14 

 15 



      A
lte

rn
at

iv
es

 
 

Fi
na

l E
IS

 
  

C
ha

pt
er

 2
 

2-16

2-16

 

Fi
gu

re
 2

-2
. 

E
as

te
rn

 W
as

hi
ng

to
n 

R
M

Z 
C

ha
ra

ct
er

is
tic

s 
by

 A
lte

rn
at

iv
e 

(u
si

ng
 S

ite
 C

la
ss

 II
, S

ite
 P

ot
en

tia
l T

re
e 

H
ei

gh
t =

 1
10

 fe
et

, a
s 

1 
an

 e
xa

m
pl

e1/
) (

N
ot

e:
  D

oe
s 

no
t i

nc
lu

de
 C

ha
nn

el
 M

iti
ga

tio
n 

Zo
ne

 o
r B

ea
ve

r H
ab

ita
t Z

on
e)

. 
2 

1/
 

U
nd

er
 N

o 
A

ct
io

n 
A

lte
rn

at
iv

e 
1-

Sc
en

ar
io

 1
, A

lte
rn

at
iv

e 
2,

 a
nd

 A
lte

rn
at

iv
e 

3,
 to

ta
l w

id
th

 o
f t

he
 R

M
Z 

va
rie

s b
y 

si
te

 c
la

ss
, r

an
gi

ng
 fr

om
 7

5 
fe

et
 (S

ite
 C

la
ss

 V
) t

o 
13

0 
fe

et
 (S

ite
 C

la
ss

 I)
.  

N
ot

e 
th

at
 th

e 
3 

m
in

im
um

 R
M

Z 
w

id
th

 fo
r s

tre
am

s g
re

at
er

 th
an

 1
5 

fe
et

 w
id

e 
is

 1
00

 fe
et

. 
4 

2/
 

Fo
r T

yp
e 

S 
an

d 
F 

st
re

am
s, 

th
e 

in
ne

r z
on

e 
pr

es
cr

ip
tio

n 
re

qu
ire

s l
ea

vi
ng

 a
t l

ea
st

 5
0 

tre
es

 p
er

 a
cr

e 
af

te
r h

ar
ve

st
, o

f w
hi

ch
 2

1 
ar

e 
th

e 
la

rg
es

t t
re

es
 a

nd
 2

9 
ar

e 
at

 le
as

t 1
0 

in
ch

es
 d

ia
m

et
er

 b
re

as
t h

ei
gh

t 
5 

(d
bh

). 
 If

 th
e 

re
su

lti
ng

 b
as

al
 a

re
a 

is
 le

ss
 th

an
 9

0 
ft2 /a

cr
e,

 th
en

 e
no

ug
h 

ad
di

tio
na

l 1
0-

in
ch

-o
r-

gr
ea

te
r t

re
es

 m
us

t b
e 

le
ft 

to
 m

ee
t t

hi
s t

ar
ge

t. 
6 

3/
 

Fo
r T

yp
e 

S 
an

d 
F 

st
re

am
s, 

th
e 

ou
te

r z
on

e 
pr

es
cr

ip
tio

n 
re

qu
ire

s l
ea

vi
ng

 5
0 

tre
es

 p
er

 a
cr

es
, o

f w
hi

ch
 1

5 
ar

e 
at

 le
as

t 2
0 

in
ch

es
 d

bh
. 

7 
4/

 
C

le
ar

cu
t s

tra
te

gy
 m

ay
 b

e 
im

pl
em

en
te

d 
in

 n
o 

m
or

e 
th

an
 3

0 
pe

rc
en

t o
f t

he
 st

re
am

 re
ac

h 
in

 a
 h

ar
ve

st
 u

ni
t, 

an
d 

on
ly

 if
 a

n 
eq

ua
l a

re
a 

is
 d

es
ig

na
te

d 
as

 a
 n

o-
ha

rv
es

t z
on

e.
 

8 
5/

 
Fo

r m
os

t T
yp

e 
N

p s
tre

am
s i

n 
pa

rti
al

 c
ut

 a
re

as
, t

he
 1

0 
la

rg
es

t t
re

es
 p

er
 a

cr
e,

 p
lu

s a
s m

an
y 

ad
di

tio
na

l t
re

es
 g

re
at

er
 th

an
 6

 in
ch

es
 d

bh
 a

s w
ill

 re
su

lt 
in

 a
 b

as
al

 a
re

a 
of

 a
t l

ea
st

 9
0 

ft2 /a
cr

e,
 m

us
t b

e 
le

ft.
9 

≤ 
= 

le
s
s
 t

h
a
n
 o

r 
e
q
u
a
l 
to

 

<
 =

 l
e
s
s
 t

h
a
n

 
> 

= 
g
re

a
te

r 
th

a
n

 



 
 
 
 
 
 

Final EIS  Alternatives 
  

Chapter 2 

2-17

Ponderosa Pine Habitat Type.  No harvest within the inner zone is permitted unless the 1 
basal area of conifer and hardwoods is greater than 110 square feet per acre for trees 2 
greater than 6 inches dbh, or unless the basal area of conifer and hardwoods is less than 3 
60 square feet per acre for trees greater than 6 inches dbh (Table 2-6). 4 

Two other factors that must be considered relate to down wood and stream-adjacent 5 
parallel roads.  At least 12 tons of down wood per acre must be left behind, with 6 
requirements on size.  Also, when a stream-adjacent parallel road is present in the inner 7 
zone, and the minimum required basal area cannot be met due to the presence of the road, 8 
then inner zone harvest is restricted based on the stream size and the proximity of the road 9 
to the stream. 10 

Mixed Conifer Habitat Type.  No harvest is permitted within the inner zone unless the 11 
basal area of conifer and hardwoods for trees greater than 6 inches dbh is as follows: 12 

• Greater than 110 or less than 70 square feet per acre on low site indexes (site index less 13 
than 90) 14 

• Greater than 130 or less than 90 square feet per acre on medium site indexes (site index 15 
between 90 and 110) 16 

• Greater than 150 or less than 110 square feet per acre on high site indexes (site index 17 
greater than 110) 18 

If the basal area meets the requirements above, then harvest is permitted.  Harvest must 19 
leave at least 50 trees per acre with at least a basal area of 70 square feet per acre on low 20 
site indexes, or 90 square feet per acre on medium site indexes, or 110 square feet per acre 21 
on high site indexes (Table 2-7).  If basal area is below the minimum and there are more 22 
than 120 trees per acre, the stand can be thinned down to 120 trees per acre. 23 

Table 2-6. Inner Zone Harvest Prescriptions for the Ponderosa Pine Habitat 24 
Type. 25 

Inner Zone Basal Area 
and Trees per Acre 
(trees > 6 inch dbh) 

Is Inner 
Zone 

Harvest 
Permitted ? Prescription 

<60 square feet/acre 
and 
<100 trees/acre 

No 
 

Not applicable. 

<60 square feet/acre 
and 
>100 trees/acre 

Yes Leave at least 100 trees/acre; the 100 trees/acre must 
contain the 50 largest trees/acre; other restrictions on 
leave trees also apply. 

>60 to 110 square 
feet/acre  

No Not applicable. 

>110 square feet/acre Yes Leave at least 50 trees/acre and a basal area of at least 60 
square feet/acre; the 50 trees/acre must contain the 21 
largest trees/acre; other restrictions on leave trees also 
apply. 

< = less than 26 
> = greater than 27 
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Table 2-7. Inner Zone Harvest Prescriptions for the Mixed Conifer Habitat Type. 1 

Site 
Index 

Inner Zone Basal 
Area (trees >6 inch 

dbh) 

Is Inner 
Zone 

Harvest 
Permitted ? Prescription 

Low 
(<90) 

<70 square feet/acre 
and >120 trees/acre 

 
Yes 

 

Leave at least 120 trees/acre; the 120 trees/acre 
must contain the 50 largest trees/acre; other 
restrictions on leave trees also apply. 

Low 
(<90) 

70 to 110 square 
feet/ acre 

No Not applicable. 

Low 
(<90) 

>110 square 
feet/acre 

Yes Leave at least 50 trees/acre and a basal area of at 
least 70 square feet/acre; the 50 trees/acre must 
contain the 21 largest trees; other restrictions on 
leave trees also apply. 

Medium 
(90-110) 

<90 square feet/acre 
and >120 trees/acre 

Yes Leave at least 120 trees/acre; the 120 trees/acre 
must contain the 50 largest trees/acre; other 
restrictions on leave trees also apply. 

Medium 
(90-110) 

90 to 130 square 
feet/ acre 

No Not applicable. 

Medium 
(90-110) 

>130 square 
feet/acre 

Yes Leave at least 50 trees/acre and a basal area of at 
least 90 square feet/acre; the 50 trees/acre must 
contain the 21 largest trees; other restrictions on 
leave trees also apply. 

High 
(>110) 

<110 square 
feet/acre and >120 
trees/acre 

Yes Leave at least 120 trees/acre; the 120 trees/acre 
must contain the 50 largest trees/acre; other 
restrictions on leave trees also apply. 

High 
(>110) 

110 to 150 square 
feet/acre 

No Not applicable. 

High 
(>110) 

>150 square 
feet/acre 

Yes Leave at least 50 trees/acre and a basal area of at 
least 110 square feet/acre; the 50 trees/acre must 
contain the 21 largest trees; other restrictions on 
leave trees also apply. 

< = less than 2 
> = greater than 3 

Two other factors that must be considered relate to down wood and stream-adjacent 4 
parallel roads.  At least 20 tons of down wood per acre must be left behind, with 5 
requirements on size.  Also, when a stream-adjacent parallel road is present in the inner 6 
zone, and the minimum required basal area cannot be met due to the presence of the road, 7 
then inner zone harvest is restricted based on the stream size and the proximity of the road 8 
to the stream. 9 

High Elevation Habitat Type.  Restrictions on harvest within the inner zone for RMZs in 10 
eastern Washington high elevation habitat types are as defined for western Washington 11 
RMZs.  However, only Option 1 is permitted because the narrower core and inner zone 12 
widths in eastern Washington do not make Option 2 feasible. 13 
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Two other factors that must be considered relate to down wood and stream-adjacent 1 
parallel roads.  At least 30 tons of down wood per acre must be left behind, with 2 
restrictions on size.  Also, when a stream-adjacent parallel road is present in the inner zone, 3 
and the minimum required basal area cannot be met due to the presence of the road, then 4 
inner zone harvest is restricted based on the stream size and the proximity of the road to the 5 
stream. 6 

Wildlife Reserve Trees.  All wildlife reserve trees are to be retained in the inner zone, 7 
providing they are not a safety hazard.  Live wildlife reserve trees can count towards leave 8 
tree requirements.  9 

Outer Zone.  This zone has three categories based on timber habitat type: Ponderosa pine, 10 
mixed conifer, and high elevation.  The width of this zone is 0 to 55 feet depending on the 11 
site class and stream width.   12 

Tree counts that must be left per acre, regardless of the presence of an existing stream-13 
adjacent parallel road in the zone, are as follows: 14 

• Ponderosa pine habitat type—10 dominant or co-dominant trees. 15 
• Mixed conifer habitat type—15 dominant or co-dominant trees. 16 
• High elevation habitat type—See requirements for western Washington Type S and F 17 

waters. 18 

An additional restriction for trees in the high elevation habitat type is that they must be left 19 
on the landscape according to one of two strategies:  dispersal or clumping strategies. 20 

Eastern Washington—Type N Waters 21 
In eastern Washington, buffer zones for Type N waters are defined in two ways.  First, an 22 
Equipment Limitation Zone is defined for all Type N waters.  Second, a buffer is required 23 
for Type N perennial streams.  These are described below. 24 

Equipment Limitation Zones—Type N Waters.  The area between the bankfull width 25 
edge of a Type N water and a line 30 feet from such edge is established as an Equipment 26 
Limitation Zone.  Landowners must mitigate for the disturbance of more than 10 percent of 27 
the soil within any Equipment Limitation Zone as a result of the use of ground-based 28 
equipment, skid trails, stream crossings (other than road crossings), or partially suspended 29 
cabled logs.  30 

Buffers—Type N Perennial Waters.  For Type N perennial streams, within 50 feet of the 31 
bankfull width, the landowner must identify either a partial cut and/or clearcut strategy for 32 
each unit to be harvested as follows:  33 

• For partial cuts⎯Basal areas must meet the timber-type-dependent basal areas required 34 
for the eastern Washington RMZ inner zone.  The trees to be included in the basal area 35 
determination and left after harvest must include the 10 largest trees per acre, an 36 
additional 40 trees must be greater than or equal to 10 inches dbh or must be the largest 37 
of the remaining trees, and the other remaining 50 trees also have size and other 38 
restrictions. 39 
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• For clearcuts⎯The streamside boundary of the clearcut must not exceed 30 percent of 1 
the total stream reach in the harvest unit, must not exceed 300 continuous feet in 2 
length, must not be located within 500 feet of the intersection of a Type S or F water, 3 
and must not occur within 50 feet of a defined sensitive site.  Also, the landowner must 4 
simultaneously designate a no-harvest zone buffer that is equal in area to the clearcut 5 
portion of the stream reach in the harvest unit. 6 

Additionally, if a road exists in an RMZ for Type N perennial water and the basal area 7 
required to be left cannot be met within 50 feet of the stream due to the presence of the 8 
road, then the shortfall of basal area has to be eliminated by shifting the RMZ location 9 
according to specified rules.   10 

Riparian Management Zones for Exempt 20-acre Parcels 11 
Landowners with parcels of 20 contiguous acres or less, and with total statewide parcel 12 
ownership of less than 80 forested acres, may choose to leave a different riparian buffer 13 
than what is described above (i.e., “80/20 category”).  The Washington State Legislature 14 
found that increasing regulatory requirements continue to diminish the economic viability 15 
of small forest landowners.  As a result of this finding, the Legislature passed HB 2091 in 16 
1999 that included the following exemption for landowners who fit the 80/20 category 17 
explained above.  These landowners are subject to the RMZ rules and Watershed Analysis 18 
prescriptions in effect on January 1, 1999, plus an additional 15 percent volume 19 
requirement where Watershed Analysis prescriptions are not in effect.  Western 20 
Washington landowners in this 80/20 acre category are required to meet the shade rule 21 
(WAC 222-30-040) in effect on January 1, 1999.  Eastern Washington landowners in this 22 
80/20 acre category must abide by the shade rule revised during the forests and fish 23 
negotiations and effective on July 1, 2000.  The shade rule requires landowners to leave 24 
vegetation along streams to maintain water temperature.  The revised shade rule requires 25 
landowners in eastern Washington to retain all available shade within 75 feet from the edge 26 
of the bankfull width or the outer edge of the Channel Migration Zone (if present) within 27 
the bull trout overlay.  The bull trout overlay refers to those portions of eastern Washington 28 
streams containing bull trout habitat as identified on the WDFW’s bull trout map.   29 

Western Washington RMZs for Exempt 20-acre Parcels.  RMZs are measured from the 30 
bankfull width of a Type S or F water and extend to the line where vegetation changes 31 
from wetland to upland plant community or the line required to leave sufficient shade, 32 
whichever is greater.  RMZs must be at least 29 feet wide.  The maximum widths used to 33 
calculate average buffer widths are shown in Table 2-8.  The RMZ width is expanded as 34 
necessary to include wetlands or ponds adjacent to the stream.  35 

Within the RMZ, trees are to be left for wildlife and fisheries habitat, as provided for in 36 
Table 2-8.  Fifty percent or more of the trees are to be live and undamaged on completion 37 
of the harvest.  The leave trees are to be randomly distributed where feasible; some 38 
clumping is allowed to accommodate operational considerations. 39 
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Table 2-8. Western Washington Riparian Leave Tree Requirements for Exempt 1 
20-acre Parcels. 2 

Number Trees/1,000 Feet  
Each Side 

Water Type/ 
Average Width 

RMZ 
Maximum 

Width 
(feet) 

Ratio of Conifer to 
Deciduous/Minimum Size 

Leave Trees 

Gravel/Cobble 
<10" Diameter 

(trees) 

Boulder/ 
Bedrock2/ 

(trees) 
Types S and F water 
75 feet and over 

115 
 

Representative of stand 58 
 

29 
 

Types S and F water 
under 75 feet 

86 
 

Representative of stand 115 
 

60 
 

Type F water 
5 feet and over 

58 
 

2 to 1/12 inches or next 
largest available1/ 

86 
 

29 
 

Type F water 
less than 5 feet 

29 
 

1 to 1/6 inches or next 
largest available1/ 

29 
 

29 
 

1/  “Or next largest available” requires that the next largest trees to those specified in the rule be left standing when those available 
are smaller than the sizes specified. 

2/    Ponds or lakes that are Type S or F waters shall have the same leave tree requirements as boulder/bedrock streams. 
< = less than 

An average of five undisturbed and uncut wildlife trees per acre are to be left at the ratio of 3 
one deciduous tree to one conifer tree equal in size to the largest existing trees of those 4 
species within the zone.  Where the one-to-one ratio is not possible, the landowner will 5 
substitute either species present.  Forty percent or more of the leave trees shall be live and 6 
undamaged on completion of harvest.  Trees left according to this requirement may be 7 
included in the number of required leave trees in Table 2-8. 8 

For clearcuts of 20 acres or less, if the area in RMZs for Type S or F waters or Wetland 9 
Management Zones, considered together, comprises 10 percent or more of the harvest unit, 10 
then not less than 50 percent of the trees required in Table 2-8 is to be left. 11 

Eastern Washington RMZs for Exempt 20-acre Parcels.  RMZs are measured the same 12 
as for western Washington except the minimum and the maximum widths are as described 13 
below, provided that the RMZ width is to be expanded as necessary.  Within the RMZ, 14 
trees are to be left for wildlife and fisheries habitat (See below).  The condition of the trees 15 
and their distribution are to follow the requirements for western Washington.  16 

The width of the RMZ is based on the adjacent harvest type as follows: 17 

• Partial cutting—The RMZ width ranges from 35 to 58 feet on each side of the stream. 18 
• Other harvest types—The RMZ width is an average 58 feet and ranges from 35 to 345 19 

feet on each side of the stream. 20 

Specific leave-tree requirements within the RMZ of Type S or F waters include the 21 
following:  a) leave all trees 12 inches or less dbh, b) leave 18 live conifer trees between 12 22 
inches and 20 inches dbh per acre, and c) a number of other specific leave-tree 23 
requirements.  The minimum total leave-tree requirements per acre for Type S and F waters 24 
are as follows:  25 
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a) On streams with a boulder/bedrock bed, the minimum leave tree requirement is 1 
75 trees/acre, 4 inches dbh or larger. 2 

b) On streams with a gravel/cobble (less than 10 inches in diameter) bed, the 3 
minimum leave-tree requirement is 155 trees/acre, 4 inches dbh or larger. 4 

c) On lakes or ponds, the minimum leave-tree requirement is 86 trees/acre, 4 inches 5 
dbh or larger. 6 

Finally, for harvest units of 20 acres or less, if the area in RMZs for Type S or F waters or 7 
Wetland Management Zones, considered together, comprises 10 percent or more of the 8 
harvest unit, then not less than 50 percent of the trees required above is to be left. 9 

Riparian Leave Trees for Type N Waters on Exempt 20-acre Parcels.  Trees are to be 10 
left along Type N perennial waters where such practices are necessary to protect public 11 
resources.  Where such practices are necessary, at least 29 conifer or deciduous trees, 6 12 
inches dbh or larger, are to be left on each side of every 1,000 feet of stream length within 13 
29 feet of the stream.  The leave trees may be arranged to accommodate the specific forest 14 
operation. 15 

Shade Requirements to Maintain Water Temperature 16 
Determination of Adequate Shade.  The method described below is to be used to 17 
determine appropriate shade levels for Type S and F waters within 75 feet of the bankfull 18 
width or Channel Migration Zone of the stream (if present) to prevent excessive water 19 
temperatures, which may have detrimental impacts on aquatic resources.   20 

Within the bull trout overlay (WAC 222-16-010), all available shade will be retained 21 
within 75 feet of bankfull width or Channel Migration Zone of the stream.  The bull trout 22 
overlay is a map of those portions of eastern Washington streams containing bull trout 23 
habitat as identified on the WDFW’s bull trout map (WAC 222-16-010). 24 

Temperature Prediction Method.  In addition to the RMZ requirements, leave trees are 25 
retained in RMZs on Type S and F waters as provided by a specified method as described in 26 
the Forest Practices Board Manual (2001b), which includes the following considerations: 27 

a) Minimum shade retention requirements 28 
b) Regional water temperature characteristics 29 
c) Elevation 30 
d) Temperature criteria defined for stream classes in WAC 173-201A  31 

Leave-tree Requirements for Shade.  The method described above is used to establish 32 
the minimum required shade cover based on site-specific characteristics.  When site-33 
specific data indicate that pre-harvest conditions do not meet the minimums established by 34 
the method, no additional shade removal from RMZs is allowed. 35 

No tree may be harvested within 75 feet from the edge of the bankfull width or the outer 36 
edge of the Channel Migration Zone (whichever is greater) of any Type S or F water if, 37 
according to the temperature prediction method, the tree is providing shade to the typed 38 
water.  These shade requirements must be satisfied whether or not the inner zone includes a 39 
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stream-adjacent parallel road.  However, harvest of shade trees in connection with the 1 
construction and maintenance of road crossings or the creation and use of yarding corridors 2 
may occur within certain guidelines.  These guidelines include restricting the number, 3 
spacing and width of such corridors, and avoidance of environmentally sensitive areas to 4 
the extent possible. 5 

Logging within RMZs 6 
Salvage logging (See Glossary) within an RMZ is based upon the zone (core, inner, or 7 
outer) in which the tree was originally located, applicable riparian stand requirements, and 8 
the extent of previous harvest activities in the zone. 9 

Salvage Logging within the Bankfull Width of any Typed Water.  No salvage may take 10 
place within the bankfull width of any typed water. 11 

Salvage Logging in a Core Zone or Channel Migration Zone.  No salvage may take place 12 
within the RMZ core zone or a Channel Migration Zone, including any portion of those 13 
trees that may have fallen outside of these zones. 14 

Salvage Logging in the Inner Zone.  Salvage may not take place within the inner zone if 15 
the stand target requirements cannot be met by the residual stand.  If the proposed salvage 16 
involves down tree(s) that originated from the inner zone, salvage of down wood may only 17 
be permitted if the down wood was not needed to meet stand target requirements in the 18 
inner zone.  Salvage of any existing down wood may not take place if the remaining 19 
balance of down wood is insufficient to meet the regional down wood guidelines in Tables 20 
2-9 and 2-10.  Salvage within the inner zone must be conducted to protect residual 21 
undamaged trees.   22 

Table 2-9. Down Wood Guidelines for Salvage Logging in Western Washington 23 
and Eastern Washington High Elevation Habitat Type RMZ Inner 24 
Zones. 25 

Structural Class I  and II 
(Scale I-III) 

Greater than 
1-foot Diameter 

1- to 2-foot 
Diameter 

Greater than 
2-foot Diameter Total 

Number of logs/acre 85 83 26 194 

 26 

Table 2-10. Down Wood Requirements for all Timber Harvest in Eastern 27 
Washington RMZ Inner Zones. 28 

Habitat Type Down Wood Requirements 
Ponderosa Pine Leave at least 12 tons/acre of down wood, including at least six pieces >16 

inches in diameter and 20 feet long, and four pieces >6 inches diameter and 
20 feet long. 

Mixed Conifer Leave at least 20 tons/acre of down wood, including at least eight pieces 
>16 inches in diameter and 20 feet long, and eight pieces >6 inches in 
diameter and 20 feet long. 

High Elevation Leave at least 30 tons/acre of down wood, including at least eight pieces 
>16 inches in diameter and 20 feet long, and eight pieces >6 inches in 
diameter and 20 feet long. 

> = greater than 29 
 30 
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Salvage Logging in the Outer Zone.  Salvage may not take place within the outer zone if 1 
the leave-tree requirements cannot be met by the residual stand.  If the proposed salvage 2 
involves down trees that originated from the outer zone, salvage may only be permitted if 3 
the down wood was not needed to meet leave-tree requirements in the outer zone. 4 

Cable Yarding  5 
No timber is to be cable-yarded in or across Type S or F waters except where the logs will 6 
not materially damage the bed of waters, banks, or RMZs.  Currently, a hydraulics project 7 
approval is required from WDFW for aerial yarding above streams.  Yarding corridors 8 
must be no wider or more numerous than necessary to accommodate safe and efficient 9 
transport of logs.  Generally, yarding corridors must be located no closer to each other than 10 
150 feet and must be no wider than 30 feet.  Additional specifications on yarding are also 11 
required. 12 

Wetlands 13 
Under No Action Alternative 1-Scenario 1, the wetlands rules would be the same as the 14 
current rules.  Landowners would be required to map all forested wetlands that are 3 or 15 
more acres in size.  Further, they would have to identify and map all forested wetlands and 16 
non-forested (Type A and B) wetlands where more than 0.1 acre of such wetlands would 17 
be impacted by filling, and where mitigation for such filling is required.  They would also 18 
have to identify and map all forested wetlands within RMZs, regardless of size, unless 19 
entry into the RMZ is not proposed.  Filling or draining more than 0.5 acre of any 20 
individual wetland (forested or non-forested) would require replacement by substitution or 21 
enhancement of the lost wetland function.  Replacement would generally be on a two-for-22 
one basis.  Construction and maintenance of roads is evaluated with a goal of “no net loss” 23 
of wetland function across the landscape (Washington Forest Practices Board Manual 24 
2001b, Section 9). 25 

Hydrology 26 
Under No Action Alternative 1-Scenario 1, the hydrology-related rules would be the same 27 
as the current rules.  Under these rules, Washington DNR can condition the size of a 28 
clearcut in the significant rain-on-snow zone of a watershed (which has not undergone 29 
Watershed Analysis) where peak flows have resulted in material damages to public 30 
resources (WAC 222-22-100*(2)).  Also, hydrology-related research and monitoring are a 31 
primary focus of the current adaptive management program.  However, limited 32 
participation in adaptive management under No Action Alternative 1-Scenario 1 would 33 
also limit this research and monitoring (See the following subsection on Adaptive 34 
Management). 35 

Forest Pesticides 36 
The current rules would continue in effect under No Action Alternative 1-Scenario 1.  One 37 
of the main goals of these rules, with respect to application of forest pesticides, is to ensure 38 
that use of pesticides is managed to meet water quality standards and label requirements 39 
and to avoid harm to riparian vegetation.  Zero drift and zero entry of aerially applied 40 
forest pesticides into water are the goals under this alternative; therefore, the rules and 41 
Forest Practices Board Manual would be amended to implement Best Management 42 
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Practices (BMPs) designed to:  1) eliminate direct entry of pesticides into streams, while 1 
minimizing off-target drift, and 2) minimize entry of pesticides into riparian zones that 2 
would cause significant damage to riparian vegetation.  Under this alternative, no 3 
pesticides would be applied, regardless of application method, within the core zone of any 4 
Type S or F waters, unless specifically required for hardwood or noxious weed control.  5 
Aerial application of pesticides would also be prohibited within the inner zones of Type S 6 
or F waters and within Wetland Management Zones.  For Type N waters and Type B 7 
wetlands less than 5 acres in size, aerial application of pesticides would be prohibited 8 
within variable-width buffers, depending on specific wind conditions and application 9 
nozzle types.  Ground application of pesticides with power equipment would be prohibited 10 
within 25 feet of any non-forested wetland or surface water, excluding dry stream segments 11 
at the time of application.  Also, hand-applied pesticides would only be used on specific 12 
targets.  Application of all pesticides (whether hand applied or not) would be prohibited 13 
within bankfull widths and Channel Migration Zones unless necessary to meet 14 
requirements for noxious weed control. 15 

Unstable Slopes 16 
Under No Action Alternative 1-Scenario 1, rules pertaining to unstable slopes would be the 17 
same as those included in the current rules.  Unstable slopes are specifically defined by 18 
slope gradient and geomorphic feature (i.e., convergent headwalls, inner gorges, bedrock 19 
hollows, toes of deep seated landslides, groundwater recharge areas for glacial deep-seated 20 
landslides, outer edge of a meander bend along a valley wall, or a high terrace in a Channel 21 
Migration Zone).  After a forest practices application is submitted and unstable slope 22 
screens are applied, field verification of unstable slopes by a Washington DNR forester 23 
may be needed.  An interdisciplinary team of stakeholders may also be formed as needed.  24 
If the application is a Class IV-Special forest practice due to unstable slopes, the landowner 25 
must submit a geotechnical evaluation prepared by a qualified expert.  The application is a 26 
Class IV-Special when the high hazard unstable slope has the potential to deliver sediment 27 
to a public resource or to threaten public safety.  Class IV forest practices applications go 28 
through the SEPA process; therefore, SEPA requirements would have to be fulfilled for the 29 
application to be approved.   30 

Additional high hazard areas in certain regions of the State would be identified in the 31 
future and included in the high hazard landform list to be identified in forest practices 32 
applications.  Moderate hazard landforms and appropriate management guidelines for 33 
forest practices on those landforms would be developed. 34 

Forest Roads 35 
The current rules pertaining to forest roads would remain in effect under No Action 36 
Alternative 1-Scenario 1.  Forest road management, design, and construction would 37 
continue to rely on prescriptive standards and additional performance-based standards with 38 
mandatory road maintenance plans to better protect water quality and riparian habitat.  The 39 
current Washington Forest Practices Rules provide standards and BMPs that are intended 40 
to help landowners design and maintain roads that do not result in delivery of sediment and 41 
surface water to streams.  These rules are designed to meet this policy objective and 42 
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include the following requirements on road location and design and road and landing 1 
construction: 2 

• Improved standards on Type 4 and Type 5 stream crossings.  Future improvements in 3 
standards for Type 4 and Type 5 stream crossings developed jointly between the 4 
adaptive management program and WDFW have the goal of being sufficiently 5 
protective to eventually eliminate the need for a Hydraulic Project Approval.  6 

• Culverts must be designed or replaced (if necessary to protect public resources) to pass 7 
a 100-year flood, with consideration for the passage of debris likely to be encountered. 8 

• Closer spacing of ditch relief culverts to minimize runoff to streams. 9 
• Required erosion control for new roads where there is a potential for soil to enter a 10 

stream.   11 
• No sidecast construction within the 100-year floodplain. 12 

In addition, road maintenance and abandonment plans (WAC 222-24-050 through 13 
222-24-052) would be required for large landowners.  These landowners would have 14 
5 years to produce road maintenance and abandonment plans for their entire ownership.  15 
Road maintenance and abandonment identified in the plans must be accomplished by 2016 16 
on large landowner properties.  The road maintenance and abandonment plans are intended 17 
to repair and/or maintain fish passage (e.g., culverts, bridges), reduce sediment-laden road 18 
drainage, reduce potential mass wasting of roads, and improve hydrologic continuity.  Sites 19 
would be prioritized for repair based on the road assessment, fixing the worst problems 20 
first.  As part of the road maintenance and abandonment plans, landowners would submit 21 
standard road practices; pre-storm planning, emergency and post-storm restoration 22 
practices; an inventory of risk to public resources; and a detailed work plan. 23 

Small forest landowners, as defined by WAC 222-24-051*(1) for purposes of completing 24 
road maintenance and abandonment plans, are also responsible for road maintenance and 25 
must submit a roads maintenance and abandonment checklist for each forest practices 26 
application, instead of a full road maintenance and abandonment plan.  All forest roads 27 
would must be maintained to prevent potential or actual damage to public resources.  Fish 28 
passage would be addressed by December 2016. 29 

THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 30 

After extensive statewide discussions with small forest landowner groups, the 2003 31 
Washington State Legislature passed a bill minimizing the unintended and disproportionate 32 
economic hardship placed on small forestland owners by RMAP planning requirements.  33 
This law, 2003 Second Substitute House Bill (SSHB) 1095, modified the definitions of 34 
“small forest landowner” and “forest roads,” clarified how the RMAP requirements apply 35 
to small forestland owners, and helped prioritize protection for fish-bearing streams.  The 36 
law also directed the Small Forest Landowner Office within DNR to develop a cost share 37 
program to help pay for the replacement of fish blockages on forestland owned by small 38 
forest landowners.  New RMAP emergency rules (sections of WAC 222-16, WAC 222-20, 39 
and WAC 222-24) were adopted by the Forest Practices Board to reflect the requirements 40 
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of SSHB 1095 on October 15, 2003.  The emergency rules became effective on October 31, 1 
2003, and they will remain in effect until permanent rules are adopted.   2 

Proposed permanent rules pertaining to road maintenance and abandonment planning 3 
requirements for small forest landowners and landowners with 20-acre exempt parcels 4 
were approved by the Forest Practices Board for formal public review on August 10, 2005.  5 
A Draft EIS was written, and an economic analysis was conducted for the proposed 6 
permanent rules.  The proposed rules (CR-102), DEIS, and economic analysis can be found 7 
at http://www.dnr.wa.gov/forestpractices/rules/ under “Rule-Making Activity.”  The Forest 8 
Practices Board conducted public hearings for the rules, DEIS, and economic analysis in 9 
five cities across Washington State from November 17 to December 15, 2005.  The public 10 
comment period ended on December 16, 2005. 11 

END OF NEW TEXT 12 

Large landowners would need to complete an inventory and assessment of orphan roads 13 
(WAC 222-24-052(4)) by 2006.  Small landowner information on orphan roads would 14 
become available as the landowners submit forest practices applications with their road 15 
maintenance and abandonment checklists.  Orphan roads are roads that were constructed 16 
prior to 1974 and not used since 1974 for forest practices.  Following the assessment, an 17 
evaluation would be conducted to determine if repairs and abandonment of orphan roads 18 
should occur.  The question of whether it would be necessary to request public funding for 19 
repairs and abandonment of orphan roads would also be considered. 20 

THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 21 

Small forest landowners would have two options for meeting road maintenance and 22 
abandonment planning requirements.  Small forest landowners could follow the RMAP 23 
process for large landowners, described above, or they could submit a checklist RMAP 24 
with each forest practices application or notification (WAC 222-24-0511, RMAP 25 
Emergency Rule).  Also, in areas where Watershed Analysis has been conducted and 26 
approved, small forest landowners may elect to follow the Watershed Administrative Unit 27 
road maintenance plan rather than developing an RMAP under WAC 222-24-051 or 28 
submitting a checklist RMAP under WAC 222-24-0511.  Forest landowners who own 80 29 
acres or less of forestland in Washington and submit a forest practices application or 30 
notification for a forestland parcel that is 20 acres or smaller would not be required to 31 
submit an RMAP or checklist RMAP for that parcel (WAC 222-24-0512, RMAP 32 
Emergency Rule).  Unlike large forest landowners, small forest landowners would not be 33 
required to submit annual reports describing work completed and planned. 34 

The RMAP process for small forest landowners does not supersede DNR’s authority to 35 
regulate road impacts associated with individual forest practices activities.  Roads used - or 36 
proposed for use - as timber haul routes must be maintained in a condition that prevents 37 
damage to public resources.  Forest Practices Rules authorize DNR to require small forest 38 
landowners to submit a compliance schedule of work to address road-related impacts in 39 
cases where the agency determines the road has affected or will negatively affect public 40 
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resources (WAC 222-24-0511(4)).  In addition, DNR currently has 47 Forest Practices 1 
Foresters statewide involved with on-going daily enforcement of Forest Practices Rules. 2 

Due to the high cost often associated with correcting fish passage barriers, the 2003 3 
Legislature allocated funds to create a DNR-administered cost share program that provides 4 
financial assistance to small forest landowners who have barriers on their lands.  The 5 
program is known as the Family Forest Fish Passage Program and was developed 6 
cooperatively between the Small Forest Landowner Office and WDFW.  A third agency 7 
partner, the Interagency Committee for Outdoor Recreation, is responsible for managing 8 
grant funds allocated to projects.  The Legislature has continued to allocate funding to the 9 
Family Forest Fish Passage Program.  The Legislature allocated $2 million for the 10 
2004/2005 biennium and $4 million for the 2006/2007 biennium.   11 

Under the Family Forest Fish Passage Program, the State provides 75 to 100 percent of the 12 
cost to correct fish passage barriers that were installed prior to May 14, 2003.  No small 13 
forest landowner would be required to pay for any part of a fish passage barrier repair 14 
before submitting a forest practices application for timber harvest.  Additionally, if the 15 
barrier was installed under a State permit (e.g., a Hydraulic Project Approval), the State 16 
would provide 100 percent of the repair costs.  If a barrier was not originally installed 17 
under a Hydraulic Project Approval, the small forest landowner would be responsible for 18 
providing approximately 25 percent of the repair costs.  The 25 percent match could be in 19 
the form of cash or in-kind services such as equipment, time, or materials.  Small forest 20 
landowners who have committed, through submittal of an application for cost sharing, to 21 
participating in the State-led cost share program would not be required to correct fish 22 
passage barriers until 1) cost share funding is available and 2) higher priority fish passage 23 
barriers on other lands in the watershed have been repaired.  A small forest landowner not 24 
participating in the cost share program would assume the financial responsibility for 25 
correcting fish passage barriers on forest roads within their ownership.  Repairs would be 26 
required for all roads that are covered or affected by an active forest practices application 27 
for harvest or salvage.   28 

Fish passage barrier repairs on small forest landowner lands would be ranked within each 29 
WRIA.  The Small Forest Landowner Office and WDFW are developing a method to 30 
create a ranked, statewide barrier inventory for small forest landowners based on the 31 
principle of fixing the worst first within each WRIA.  The statewide inventory is not yet 32 
complete.  Annual ranking and repair of barriers owned by small forest landowners who 33 
apply for cost sharing are currently underway, however.  The development of the statewide 34 
ranked inventory and collection of data for existing barriers are being done in cooperation 35 
with lead entity organizations.  Lead entities are quasi-governmental planning groups 36 
created under the State’s Salmon Recovery Act and are charged with coordinating salmon 37 
recovery efforts within each WRIA.  Lead entities often have information about fish 38 
passage issues for their geographic area.  DNR and WDFW are responsible for assisting 39 
lead entities in acquiring the data necessary to fill any known information gaps concerning 40 
the locations of fish passage barriers.  The Family Forest Fish Passage Program funded the 41 
replacement of 36 fish passage barriers in 2004 and scheduled 27 barriers for funding in 42 
2005 (Table 2-10a).  Matching Federal funding supplemented the Family Forest Fish  43 
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Table 2-10a. Family Forest Fish Passage Program Accomplishments from 2003 1 
to 2005 2 

Measures Westside Eastside Statewide 
Number of barriers submitted 
to program for funding 

315 100 415 

Number of barriers funded in 
2004 

32 4 36 

Cost of 2004 projects $907,742 $159,321 $1,060,000 
Miles of habitat opened in 
2004 

53.67 4.7 58.37 

Number of barriers scheduled 
for funding in 2005 

21 6 27 

Anticipated cost of 2005 
projects 

$912,000 $388,000 $1,300,000 

Miles of habitat to be opened 
in 2005 

54.62 19.67 74.29 

Passage Program, allowing for expenditures over the State allocation of $2 million for the 3 
2004/2005 biennium. 4 

END OF NEW TEXT 5 

Watershed Analysis 6 
Watershed Analysis prescriptions (WAC Chapter 222-22) were developed because the 7 
Forest Practices Board acknowledged that public resources might be adversely affected by 8 
the interaction of multiple forest practices occurring within a given watershed.  The 9 
purpose of Watershed Analysis is to address these cumulative effects of forest practices on 10 
the public resources of fish, water, and capital improvements of the State or its political 11 
subdivisions.  The long-term objective of Watershed Analysis is to protect and restore 12 
these public resources and the productive capacity of fish habitat adversely affected by 13 
forest practices while maintaining a viable forest products industry.  Watershed Analysis 14 
includes landscape-level prescriptions designed to protect and allow the recovery of public 15 
resources through regulations, both voluntary and mandatory, while also allowing for 16 
monitoring, subsequent watershed analyses, and adaptive management.   17 

Watershed Analysis under No Action Alternative 1-Scenario 1 would the same as under 18 
the current rules.  It would be voluntary for private landowners and mandatory for the State 19 
(Washington DNR), dependent upon available funding.  A number of changes to the 20 
Watershed Analysis process, in effect on January 1, 1999, have occurred as follows: 21 

• Two new modules are being added to the Watershed Analysis process:  cultural 22 
resources and stream restoration. 23 

• Resource assessments are still required for all current modules, but no prescription 24 
process (plan designed to minimize, prevent, or avoid adverse change to resources; 25 
WAC 222-22-050 through 222-22-070) is required for riparian function, mass wasting, 26 
and surface erosion (roads); however, the mass wasting and surface erosion 27 
prescriptions are to be phased out only after unstable slopes are mapped in each basin, 28 
and road maintenance and abandonment plans are completed by landowners.  29 
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• SEPA analysis on a non-project basis is required for all watershed analyses. 1 
• Any landowner within a Watershed Administrative Unit (WAC 222-22-020) is allowed 2 

to apply for a multi-year permit to conduct forest practices according to the Watershed 3 
Analysis prescriptions.  When a 5-year review is conducted the landowners update the 4 
current multi-year permit by including any prescription changes within 30 days of 5 
completion of the 5-year review of the assessment and prescriptions.  If necessary, the 6 
proposed forest practices under the permit are to be modified to comply with the new 7 
prescriptions. 8 

• For water quality, improvements are to be made so that water quality meets Clean 9 
Water Act requirements, with particular emphasis on water temperature. 10 

• If a road maintenance and abandonment plan has not been developed for a landowner 11 
within a Watershed Administrative Unit, then the Watershed Analysis surface erosion 12 
resource assessment will provide information for the development of such a plan.  If a 13 
road maintenance and abandonment plan has been developed, however, then 14 
Watershed Analysis will incorporate the plan, but no new prescriptions will be 15 
developed. 16 

THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 17 

Upland Wildlife 18 
Under No Action Alternative 1-Scenario 1, the Washington Forest Practices Rules 19 
pertaining to upland wildlife would be the same as the current rules.  Protection measures 20 
currently required by WAC 222-16-080 apply to forest practices within critical habitats of 21 
threatened and endangered species as designated by the WDFW.  Specifically, for species 22 
covered under WAC 222-16-080, timing restrictions and the protection of reproductive 23 
sites are required for forest practices within critical habitats for the following species:  bald 24 
eagle, gray wolf, grizzly bear, mountain caribou, peregrine falcon, sandhill crane, northern 25 
spotted owl, and marbled murrelet.  Critical habitats designated for the Oregon silverspot 26 
butterfly and the western pond turtle require protection within 0.25 mile of detection sites.  27 
Two species, the northern spotted owl and the marbled murrelet, have additional protective 28 
requirements in areas that are known to be more sensitive to disturbance based on 29 
geographic location and habitat characteristics. 30 

END OF NEW TEXT 31 

Cultural Resources 32 
Under No Action Alternative 1-Scenario 1, the degree of protection provided for cultural 33 
resources is in the process of being increased from the rules in effect on January 1, 1999, 34 
both directly and indirectly, through cultural resource program changes.  The FFR, which 35 
underlies the State’s FPHCP, directs the development and implementation of both a 36 
cultural resources plan and a cultural resources module in Watershed Analysis. 37 

In response to the cultural resource planning, protection, and management commitments in 38 
the FFR (Appendices G, N, O) and the 1987 TFW Agreement, the TFW Cultural 39 
Resources Committee (comprised of tribes, timber landowner associations, the Washington 40 
DNR, and the Office of Archaeology and Historic Preservation) collaboratively developed 41 
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a Cultural Resources Protection and Management Plan and a module and rules for cultural 1 
resources in Watershed Analysis.  The cultural plan was reviewed and endorsed by the 2 
Forests and Fish Policy group, and a new module was recommended through the Adaptive 3 
Management Program for Forest Practices Board approval as part of its Board Manual on 4 
Watershed Analysis (i.e., Watershed Analysis Section 11).  An associated rule package was 5 
also recommended.  The rule package primarily modifies WAC 222-22, which governs the 6 
conduct of Watershed Analysis.  The Forest Practices Board initiated rulemaking on the 7 
negotiated package in August 2003.   8 

Adaptive Management 9 
Adaptive management is a structured process for examining alternative management 10 
strategies for meeting measurable biological goals and objectives, and then if necessary, 11 
adjusting future conservation management actions based on what is learned as a result of 12 
continued research and monitoring.  Under No Action Alternative 1-Scenario 1, the current 13 
adaptive management program would continue to be required by statute and the rules, as 14 
described in WAC 222-12-045 and summarized under subsection 2.3.2.2 (Alternative 2, 15 
Washington Forest Practices Rules and Program – Specific Description) (See also 16 
subsection 1.3.1.2, The Forests and Fish Report).  However, functionally the program 17 
would be reduced.  This reduction in functionality would be in the form of decreased 18 
participation by stakeholders, and a reduction in public funding for implementation.  The 19 
regulatory stability afforded by receiving ESA take authorization is a primary incentive for 20 
landowners to support and participate in the program.  Additionally, broad stakeholder 21 
support for the program results in the State being able to compete favorably for funding to 22 
support implementation.  A breakdown in broad stakeholder support would weaken the 23 
State’s ability to compete favorably for funding; carrying out research and monitoring 24 
activities with less funding and fewer people participating would reduce the effectiveness 25 
of the program.  Currently, the Cooperative Monitoring, Evaluation, and Research (CMER) 26 
Committee has high priority research and monitoring projects identified, and work is 27 
underway in several areas.  Under No Action Alternative 1- Scenario 1, a re-prioritization 28 
would be necessary, and many projects would probably be delayed or not conducted.  A 29 
reasonable assumption is that only the highest priority effectiveness and validation projects 30 
and/or rule tool projects would be conducted, and the timeline for completion would be 31 
extended.   32 

No Action Alternative 1-Scenario 2 33 
No Action Alternative 1-Scenario 2 assumes that the Washington State Legislature would 34 
allow the Forest Practices Board to repeal the current Washington Forest Practices Rules 35 
that resulted from the FFR and adopt the specific Washington Forest Practices Rules that 36 
were in effect on January 1, 1999. 37 
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Water Typing 1 
Under No Action Alternative 1-Scenario 2, the water typing rules could revert back to the 2 
rules in effect on January 1, 1999 (1998 WAC 222-16-030).  Five water types are 3 
recognized as follows: 4 

• Type 1⎯Major waterways of the State including rivers, lakes, and saltwater.  They 5 
include all waters inventoried as “shorelines of the State” (RCW Chapter 90.58). 6 

• Type 2⎯Waters, not classified as Type 1, which have high fish, wildlife, or human 7 
use.  They generally are streams wider than 20 feet (measured between the ordinary 8 
high water marks), with a gradient of less than 4 percent. 9 

• Type 3⎯Waters, not classified as Types 1 or 2, which have moderate to slight fish, 10 
wildlife, or human use.  They generally are less than 20 feet and greater than 5 feet 11 
wide, with a gradient of less than 12 percent.  12 

• Type 4⎯Waters not classified as Types 1, 2, or 3, which are important for protecting 13 
downstream water quality.  They generally are streams wider than 2 feet and less than 14 
5 feet. 15 

• Type 5⎯Waters not classified as Types 1, 2, 3, or 4.  They are generally seasonal 16 
headwater streams, less than 2 feet wide. 17 

Riparian Habitat 18 
Under No Action Alternative 1-Scenario 2, RMZs would be prescribed along Type 1, 2, 19 
and 3 streams (1998 WAC 222-30).  These zones are measured horizontally from the 20 
ordinary high-water mark.  They are different in western Washington and in eastern 21 
Washington.  Harvest is limited within RMZs; leave trees for wildlife and fisheries habitat 22 
are required and left unharvested as prescribed below.   23 

The number, size, species, and ratio of leave trees (conifer to deciduous) is determined by 24 
the water type, stream width, and the bed material.  Leave trees are, generally, to be evenly 25 
distributed with some clumping.  Although the rules seek to minimize the location of new 26 
roads in riparian areas, the presence of stream-adjacent parallel roads in the RMZs does not 27 
affect RMZ widths or leave-tree requirements. 28 

In addition to the RMZ requirements identified in this section, Type 1 waters designated as 29 
“Shorelines of Statewide Significance” are given additional protection under the Shoreline 30 
Management Act.  Restrictions under the Act are implemented and enforced at the county 31 
level and include establishment of a 200-foot Shoreline Management Zone, measured from 32 
the ordinary high water mark along Shorelines of Statewide Significance.  Typically, a 33 
landowner may remove no more than 30 percent of the available merchantable trees within 34 
the Shoreline Management Zone every 10 years, using a selective harvest strategy, unless 35 
either local government or Ecology grants prior approval. 36 

Western Washington RMZs 37 
In western Washington, the outer edge of an RMZ is defined as the line where vegetation 38 
changes from a wetland to an upland plant community, or the line required to leave 39 
sufficient shade (See section below), whichever is greater, but no less than 25 feet wide,  40 
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nor more than the maximum widths defined in Table 2-11.  RMZ widths are to be 1 
expanded as necessary to include wetlands or ponds adjacent to the stream.  In addition to 2 
the leave-tree requirements in Table 2-11, an average of five of the largest trees per acre (at 3 
the ratio of one coniferous to one deciduous tree) would be left within the zone for wildlife 4 
habitat. 5 

Table 2-11. Western Washington RMZ Widths and Leave Tree Requirements (No 6 
Action Alternative 1-Scenario 2).  7 

Number Trees / 1,000 Feet 
Each Side 

Water Type and 
Average Width 

RMZ Minimum 
and Maximum 

Widths 

Ratio of Conifer to 
Deciduous Trees and 

Minimize Size of Leave 
Trees 

Gravel or 
Cobble <10" 

Diameter 

Boulder or 
Bedrock 

Type 1 and 2 water 
75 feet and over 

25 to 100 feet Representative of stand 50 trees 25 trees 

Type 1 and 2 water 
less than 75 feet  

25 to 75 feet Representative of stand 100 trees 50 trees 

Type 3 water 
5 feet and over 

25 to 50 feet 2 to 1 ratio 
12 inches or next largest 

available 

75 trees 25 trees 

Type 3 water 
less than 5 feet 

25 feet 1 to 1 ratio 
6 inches or next largest 

available 

25 trees 25 trees 

1/  “Or next largest available” requires that the next largest trees to those specified in the rule be left standing when those available are 8 
smaller than the sizes specified. 9 
< = less than 10 

RMZs are not required along Type 4 and 5 waters.  However, riparian leave-tree areas are 11 
sometimes required along Type 4 waters where such practice is necessary to protect public 12 
resources.  In these cases, 25 conifer or deciduous trees, at least 6 inches dbh, would be left 13 
within 25 feet of each side of the stream per 1,000 feet of stream length.  Western 14 
Washington RMZ widths and the degree of protection provided are compared by 15 
alternative in Figure 2-1. 16 

Eastern Washington RMZs 17 
In eastern Washington, the outer edge of an RMZ is defined as the line where vegetation 18 
changes from a wetland to an upland plant community, or the line required to leave 19 
sufficient shade (as defined in the section below), whichever is greater, but no less than 30 20 
feet wide, nor more than the maximum widths defined in Table 2-12.  RMZ widths would 21 
be expanded as necessary to include wetlands or ponds adjacent to the stream. 22 

RMZs would not be required along Type 4 and 5 waters.  However, under special 23 
circumstances, riparian leave-tree areas would be required, as described for western 24 
Washington RMZs.  Eastern Washington RMZ widths and the degree of protection 25 
provided are compared by alternative in Figure 2-2. 26 
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Table 2-12. Eastern Washington RMZ Widths and Leave Tree Requirements 1 
(No Action Alternative 1-Scenario 2). 2 

Number Trees/Acre 
4-inch dbh or Larger 

Harvest Type 

RMZ 
Minimum 

and 
Maximum 

Widths 

Gravel or 
Cobble <10" 

Diameter 
Boulder or 

Bedrock Additional Requirements 
Partial Cutting 30 to 50 feet 

Even-Aged 30 to 300 feet 

135 trees 75 trees • 16 conifers 12 to 20 inches dbh/acre 
• 3 conifers >20 inches dbh/acre 
• 3 deciduous trees 12 to 16 inches 

dbh/acre 
• 2 deciduous trees >16 inches 

dbh/acre 
• Leave all trees 12 inches dbh and 

smaller 
< = less than 3 
> = greater than 4 

Sufficient Shade 5 
Sufficient shade is defined by graphs found in Section 1 of the Forest Practices Board 6 
Manual (Washington Forest Practices Board 1998, Section 1).  The graphs define a 7 
minimum percent canopy cover that must be maintained if harvest is to take place within 8 
the RMZ.  The minimum shade required is based on the State water quality standards and 9 
the probability of achieving them at different elevations.  10 

Retention of Wildlife Leave Trees and Down Logs 11 
In addition to the leave-tree requirements associated with RMZs and shade defined above, 12 
a minimum of two to three wildlife reserve trees per acre, two green recruitment trees per 13 
acre, and two down logs per acre must be left throughout each harvest unit. 14 

Salvage Logging within RMZs   15 
No specific restrictions on salvage logging in RMZs are included under No Action 16 
Alternative 1-Scenario 2. 17 

Cable Yarding 18 
No timber is to be cable-yarded in or across Type 1, 2, or 3 waters, except where the logs 19 
will not materially damage the bed of waters, banks, or RMZs, and the removal has a 20 
Hydraulic Project Approval from WDFW.  21 

Wetlands 22 
Under No Action Alternative 1-Scenario 2 (1998 WAC 222-3-020*(6) and*(7)), two 23 
categories of wetlands are defined:  forested and non-forested.  Non-forested wetlands are 24 
subdivided into two types: Type A and Type B.  Type A wetlands are those with open 25 
water and include non-forested wetlands that are greater than 0.5 acre in size and bogs or 26 
fens (that may be forested) greater than 0.25 acre in size.  Type B wetlands are mostly 27 
vegetated, non-forested wetlands greater than 0.5 acre in size.  Both types of wetlands 28 
require the establishment of variable-width Wetland Management Zones ranging from 25 29 
to 200 feet.  In contrast, forested wetlands receive less protection than non-forested 30 
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wetlands.  Wetland Management Zones are not established on forested wetlands; however, 1 
harvest methods are limited to low-impact harvest or cable systems.  Road and landing 2 
construction within either forest or non-forested wetlands requires following a specific 3 
mitigation sequence. 4 

Hydrology 5 
Under No Action Alternative 1-Scenario 2, the hydrology-related rules would be the same 6 
as the current rules.  Under these rules, Washington DNR can condition the size of a 7 
clearcut in the significant rain-on-snow zone of a watershed (which has not undergone 8 
Watershed Analysis) where peak flows have resulted in material damages to public 9 
resources (1998 WAC 222-22-100*(2)).  Hydrology-related research and monitoring 10 
would be limited or not conducted at all for the purpose of adaptive management. 11 

Forest Pesticides 12 
Pesticide rules (1998 WAC 222-38) under No Action Alternative 1-Scenario 2 would 13 
primarily regulate the handling, storage, and application of pesticides to prevent impacts to 14 
public health, lands, fish, wildlife, aquatic habitat, and water quality.  These rules would be 15 
consistent with Washington State Department of Agriculture regulations.  Several other 16 
laws and regulations apply to the conduct of forest practices (1998 WAC 222-50), some of 17 
which are administered by other agencies and may require permits from such agencies 18 
prior to the conduct of certain forest practices. 19 

Under No Action Alternative 1-Scenario 2, pesticides could not be applied within 200 feet 20 
of residences or within 100 feet of other properties (e.g., farmland).  In addition, pesticides 21 
could not be ground-applied with power equipment within 25 feet of all non-forested 22 
wetlands, as well as all other typed waters, excluding Type 4 and 5 waters with no surface 23 
water.  Pesticides could be aerially applied within a 50-foot buffer established on all typed 24 
waters, excluding Type 4 and 5 waters with no surface water and other areas of open water, 25 
such as ponds or sloughs.  Pesticides could be used in either RMZs or Wetland 26 
Management Zones; however, they would need to be applied by hand.  Direct entry of 27 
pesticides into any typed waters, except segments of Type 4 and 5 waters with no surface 28 
water, would be prohibited. 29 

Unstable Slopes 30 
Under No Action Alternative 1-Scenario 2, unstable slopes are reviewed as part of the 31 
forest practices application.  Unstable areas are defined as slide prone areas.  Slide prone 32 
areas are determined by Washington DNR and are generally defined as excessively steep 33 
or unstable soils.  Washington DNR determines whether slopes are unstable using available 34 
soils information, from evidence of geologically recent slumps or slides, where the natural 35 
slope exceeds the angle of repose for the particular soil types present, or where springs or 36 
seeps may indicate unstable conditions are present.  If the unstable slope has the potential 37 
to deliver sediment to a public water body, the application would be processed as a Class 38 
IV-Special and becomes subject to SEPA rules (1998 WAC 222-16-050 (1)*(d) and*(e)) 39 
(subsection 1.4.1, Scoping and the Relevant Issues, Scoping).  40 
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Forest Roads 1 
Under No Action Alternative 1-Scenario 2, road maintenance and road construction 2 
standards would be the same as those rules in effect on January 1, 1999 (1998 WAC 222-3 
24).  The rules in effect on January 1, 1999 required cross drain culverts at less frequent 4 
intervals than at present and fill and sidecast placement restrictions were above at the 50-5 
year flood level not the revised 100-year flood level.  Minimum size requirements for 6 
culverts installed at stream crossings in rules in effect on January 1, 1999 were smaller than 7 
size requirements in the Washington Forest Practices Rules that became effective on March 8 
20, 2000.  Road maintenance and abandonment plans would only be required based on 9 
Watershed Analysis prescriptions or Washington DNR request. 10 

Watershed Analysis 11 
Under No Action Alternative 1-Scenario 2, Watershed Analysis is voluntary for private 12 
landowners, but is required to be conducted by the Washington DNR on all watersheds of 13 
the State, as funding allows (1998 WAC 222-22).  The Watershed Analysis process is 14 
based on the Washington Forest Practices Board Manual:  Standard Methodology for 15 
Conducting Watershed Analysis (Washington Forest Practices Board 1994).  The 16 
Watershed Analysis Manual is available on-line at:  17 
http://www.dnr.wa.gov/forestpractices/watershedanalysis/manual/.   18 

This manual was created by a consortium of individuals associated with the TFW process 19 
and supervised by TFW’s CMER Committee.  Nine resource assessments (modules) are 20 
defined under the current Watershed Analysis process, including mass wasting, surface 21 
erosion, hydrology, riparian, stream channel, fish habitat, water quality, water 22 
supply/public works, and routing.  No modules addressing cultural resources, restoration, 23 
or wildlife are included in the State Watershed Analysis process, and monitoring is 24 
optional. 25 

Upland Wildlife 26 
Under No Action Alternative 1-Scenario 2, the Washington Forest Practices Rules 27 
pertaining to upland wildlife would be the same as the current rules, because the current 28 
rules were adopted before 1999. 29 

Cultural Resources 30 
Under No Action Alternative 1-Scenario 2, cultural resources would be protected relative 31 
to forest practices in three ways.  First, forest practices involving lands containing 32 
archaeological or historic sites registered with the Washington State Office of Archaeology 33 
and Historic Preservation, or on sites containing evidence of North American cairns, 34 
graves, or glyptic records, would be Class IV-Special Forest Practices (1998 WAC 222-16-35 
050(i)(g)).  These practices require an environmental checklist to be submitted with the 36 
forest practice application in compliance with SEPA, as they have the potential for a 37 
substantial impact on the environment.  Additional information including a detailed 38 
environmental statement may also be required.  Second, forest practices involving lands 39 
containing cultural, historic, or archaeological resources which, at the time the application 40 
or notification is filed are: a) listed or are eligible for listing with the National Register of 41 
Historic Places, or b) have been identified to the Washington DNR as being of interest to 42 



 
 
 
 
 
 

Final EIS Alternatives 
 

Chapter 2 

2-37

an affected Indian Tribe, would be Class III forest practices (1998 WAC 222-16-1 
050(5)(k)).  When a Class III application associated with a cultural resource, as described 2 
in (a) or (b) of this paragraph, is submitted, the landowner would need to meet with the 3 
appropriate Indian Tribe to determine which cultural resources are present and discuss their 4 
protection.  Third, cultural resources would be protected incidentally because of the rules 5 
protecting riparian habitat and wetlands (described above under Riparian Habitat).   6 

Adaptive Management 7 
Technically, adaptive management, under No Action Alternative 1-Scenario 2, would 8 
follow the policy in effect on January 1, 1999, that was defined in the 1998 Washington 9 
Forest Practices Rules (1998 WAC 222-12-046).  An adaptive management policy was 10 
adopted by the Forest Practices Board to further the purposes of RCW Chapter 76.09.  It 11 
was designed to modify the regulations and their application based on cooperative 12 
research, monitoring and evaluation.  Such adaptive management included the measures set 13 
out in the 1998 WAC 222-08-035.  These measures required the Washington DNR to 14 
report to the Forest Practices Board on opportunities to modify the regulations when 15 
baseline data, monitoring, evaluation or the use of interdisciplinary teams show that such 16 
adaptive management would better meet the purposes and policies of the Forest Practices 17 
Act.  Purposes and policies of the Forest Practices Act are found in RCW Chapter 18 
76.09.010 (Legislative finding and declaration). 19 

As a practical matter, however, implementation of the January 1, 1999, Washington Forest 20 
Practices Rules adaptive management program requires the participation of stakeholders—21 
the same stakeholders that had embarked upon the FFR collaboration by that time.  The 22 
January 1, 1999, Washington Forest Practices Rules adaptive management process was 23 
effective because the collaboration, then under TFW, was robust.   24 

However, this scenario, if implemented as a result of “no action” by the Federal agencies, 25 
would suffer from even-less stakeholder support than No Action Alternative 1-Scenario 1.  26 
Not only would No Action Alternative 1-Scenario 2 likely result in a substantial reduction 27 
in stakeholder participation and funding support as a result of not receiving the anticipated 28 
ESA take authorization, it would likely lose further support because it results in a 29 
degradation of resource protection that results from the “roll-back” of regulations.  In 30 
addition, the January 1, 1999, Washington Forest Practices Rules adaptive management 31 
program included much less specific statutory and regulatory direction about the purpose 32 
of the program.  It is reasonable to assume that the program would suffer from that lack of 33 
direction, and agreement would be more difficult to reach on how to spend very limited 34 
resources, compared with current conditions. 35 

A detailed discussion of the effect of varying levels of support for the adaptive 36 
management program is found in Chapter 4 (Environmental Effects). 37 
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2.3.2 Alternative 2 (Issuance of Two Incidental Take Permits and 1 
Implementation of an HCP) 2 

The Services have determined that Alternative 2 is the preferred alternative because it 3 
meets the Purpose and Need for action and will fulfill the Services’ statutory missions and 4 
responsibilities under ESA to conserve listed species. 5 

2.3.2.1 General Description 6 
Alternative 2 would result in the Services issuing Incidental Take Permits (ITPs) to the 7 
State of Washington authorizing the incidental take of threatened or endangered salmonids 8 
through the implementation of a statewide programmatic HCP.  The State’s proposed HCP, 9 
which accompanies this FEIS, is referred to as the State of Washington Forest Practices 10 
Habitat Conservation Plan (FPHCP). 11 

The FPHCP incorporates the current State Forest Practices Regulatory Program and Rules 12 
pertaining to riparian and aquatic habitat protections addressed in the FFR.  These include 13 
rules that address the following activities:  timber harvesting; road construction, 14 
maintenance and abandonment; reforestation; site preparation; and adaptive management 15 
research and monitoring (FPHCP Section 1-4 Activities covered by the plan).  The ITPs 16 
would extend incidental take authorization for the covered aquatic species to all non-17 
Federal and non-tribal forest landowners conducting forest practices activities in 18 
compliance with the State Forest Practices Regulatory Program including the prescriptive 19 
rules (with the exception of those landowners that already have an existing HCP and ITP 20 
covering the same species).  It is anticipated that the ITPs would be amended to include the 21 
incidental take of seven stream-associated amphibians, non-listed salmonids, and other 22 
Washington native fish, if and when these species become listed in the future.  23 
Conservation measures for these currently unlisted species would be an integral part of the 24 
FPHCP.  Under this alternative, the ITPs would be valid for a term of 50 years. 25 

In comparison to either scenario under No Action Alternative 1, the outcomes of Alternative 26 
2 are more predictable based on the continued implementation of the Forest Practices 27 
Regulatory Program as currently described in WAC 222.  Expected outcomes include: 28 

• Stakeholder support and participation in program implementation, 29 
• Continued public funding, and 30 
• Less immediate need for conducting identifying forestry-related total maximum daily 31 

loads (TMDLs), as required by the Federal Clean Water Act, and use of the 32 
Washington Forest Practices Rules as the implementation mechanism for lands covered 33 
by the Forest Practices Act forestry on State and private forestlands related to setting 34 
TMDLs for mixed-use lands. 35 

Under Alternative 2, no Federal action under Section 9 would be brought against any 36 
person complying with and covered by the ITPs.  Further, it is unlikely that any related 37 
third party action to enforce the Section 9 take prohibition against a person complying with 38 
and covered by the ITPs would occur.  If it did, the existence of the ITPs would serve as a 39 
defense in the legal action.  40 
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2.3.2.2 Washington Forest Practices Rules and Program – Specific 1 
Description 2 

Alternative 2 is the State’s proposed habitat conservation plan, based on the FFR (April 29, 3 
1999), as supplemented by Engrossed Senate and House Bill 2091, and subsequently 4 
refined.  The groups who contributed to the development of the FFR included State 5 
agencies (Governor’s Office, Washington DNR, WDFW, and Ecology), Federal agencies 6 
(USFWS, NMFS, and EPA), the Colville Confederated Tribes, the Northwest Indian 7 
Fisheries Commission, the Washington State Association of Counties, the Washington 8 
Forest Protection Association, and the Washington Farm Forestry Association. 9 

Water Typing 10 
Under Alternative 2, water-typing rules would be the same as those described for No 11 
Action Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest Practices Rules 12 
and Program – Specific Description). 13 

Riparian Habitat 14 
Under Alternative 2, the riparian rules would be the same as those described for No Action 15 
Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest Practices Rules and 16 
Program – Specific Description). 17 

Wetlands 18 
Under Alternative 2, the wetlands rules would be the same as those described for No 19 
Action Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest Practices Rules 20 
and Program – Specific Description). 21 

Hydrology 22 
Under Alternative 2, the hydrology rules would be the same as those described for No 23 
Action Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest Practices Rules 24 
and Program – Specific Description). 25 

Forest Pesticides 26 
Under Alternative 2, the forest pesticide rules would be the same as those described for No 27 
Action Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest Practices Rules 28 
and Program – Specific Description).  However, it should be noted the Services would not 29 
provide take authorization for the use of forest pesticides as provided in the Washington 30 
Forest Practices Rules pending resolution of consultations between the Services and EPA 31 
regarding the effects of pesticide applications on listed species. 32 

Unstable Slopes 33 
Under Alternative 2, the rules pertaining to unstable slopes would be the same as those 34 
described for No Action Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest 35 
Practices Rules and Program – Specific Description). 36 
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Forest Roads 1 
Under Alternative 2, the forest roads rules would be the same as those described for No 2 
Action Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest Practices Rules 3 
and Program – Specific Description). 4 

Watershed Analysis 5 
Under Alternative 2, the Watershed Analysis rules would be the same as those described 6 
for No Action Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest Practices 7 
Rules and Program – Specific Description). 8 

Upland Wildlife 9 
Under Alternative 2, the Washington Forest Practices Rules pertaining to upland wildlife 10 
would be the same as those described for No Action Alternative 1-Scenario 1 (subsection 11 
2.3.1.2, Washington Forest Practices Rules and Program – Specific Description). 12 

Cultural Resources  13 
Under Alternative 2, the cultural resources rules would be the same as those described for 14 
No Action Alternative 1-Scenario 1 (subsection 2.3.1.2, Washington Forest Practices Rules 15 
and Program – Specific Description). 16 

Adaptive Management  17 
Under Alternative 2, the adaptive management program would be in the rules as described 18 
in WAC 222-12-045 and summarized below.  The adaptive management program is more 19 
fully described in the FPHCP.  The FPHCP addresses the consistency between the State’s 20 
adaptive management program and Federal ESA requirements.  Receiving ESA take 21 
authorization through Section 10 of the ESA would provide the anticipated incentive and 22 
opportunity for the adaptive management program to be a robust and functionally effective 23 
program.  FFR participants voluntarily provide technical support to the adaptive 24 
management process, as well as forest sites and logistical support for on-going research.  25 
Broad stakeholder support and participation in the FFR collaboration would ensure the 26 
program has sufficient resources to staff and carryout the anticipated research and 27 
monitoring effort.  Under this alternative, it is expected that the program would continue to 28 
receive public funding as well as broad support and direct participation by stakeholders.  29 
The resulting adaptive management program would address, as anticipated, scientific 30 
uncertainty and the degree to which the current Washington Forests Practices Rules meet 31 
established resource goals and objectives.  A description of how the program would 32 
function is provided in the following paragraphs. 33 

The adaptive management program was established to produce science-based 34 
recommendations and technical information to assist the Forest Practices Board in 35 
determining if and when it is necessary or advisable to adjust the Washington Forest 36 
Practices Rules and guidance to achieve the performance goal and resource objectives.  37 
The Washington Legislature established the adaptive management program as the primary 38 
means by which regulations could be modified (subsection 1.3.1.2, The Forests and Fish 39 
Report).  The adaptive management program has three guiding principles:  1) ensure 40 
certainty of change as needed to protect covered resources; 2) ensure predictability and 41 
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stability of the process of change so that landowners, regulators, and interested members of 1 
the public can anticipate and prepare for change; and 3) ensure that quality controls are 2 
applied to scientific study design, project execution, and interpreted results. 3 

The performance goal for the adaptive management program is to ensure that forest 4 
practices, either singularly or cumulatively, would not significantly impair the capacity of 5 
aquatic habitat to: 1) support harvestable levels of salmonids; 2) support the long-term 6 
viability of other covered species; and 3) meet or exceed water quality standards, including 7 
protection of beneficial uses, narrative and numeric criteria, and anti-degradation (Forests 8 
and Fish Report Schedule L-1; WAC 222-12-045 (2)(a)(ii)).   9 

Resource objectives consist of functional objectives and performance targets and are 10 
designed to ensure that the aforementioned performance goal is met.  Functional objectives 11 
are broad statements regarding major watershed functions potentially affected by forest 12 
practices.  Performance targets are measurable criteria defining specific target forest 13 
conditions and processes.  Functional objectives and performance targets have been 14 
established for water temperature, large woody debris/litterfall, sediment, hydrology, and 15 
forest chemical inputs and are listed in Schedule L-1 of the Forests and Fish Report. 16 

The primary components of the adaptive management program include the Forest Practices 17 
Board, the TFW/FFR Policy Group, or similar collaborative forum; the CMER Committee; 18 
the Adaptive Management Program Administrator; and the Scientific Review Committee.  19 
The role of each of these program components is described below.   20 

Forest Practices Board   21 
The Forest Practices Board manages the adaptive management.  The Forest Practices Board 22 
approves CMER members, establishes key research and monitoring questions and resource 23 
objectives, approves research and monitoring priorities and projects, approves CMER 24 
budgets and expenditures, oversees fiscal and performance audits of CMER, participates in 25 
the dispute resolution process, and considers recommendations from TFW/FFR Policy 26 
Group or similar collaborative forum for adjusting Washington Forest Practices Rules and 27 
guidance. 28 

TFW/FFR Policy Group   29 
TFW/FFR Policy Group, or a similar collaborative forum, makes recommendations to the 30 
Forest Practices Board regarding CMER priorities and projects, final project reports, and 31 
Washington Forest Practices Rules and/or guidance amendments.  Policy membership is 32 
self-selecting and generally includes Washington DNR, WDFW, and Ecology, Federal 33 
agencies (including NMFS, USFWS, EPA, and the USDA Forest Service), timber 34 
landowners, tribal governments, county governments, environmental interests, and the 35 
Governor’s Office.  36 

Cooperative Monitoring, Evaluation, and Research (CMER) Committee 37 
The CMER Committee oversees and conducts research and monitoring related to the 38 
established resource objectives.  The primary purpose of the CMER Committee is to 39 
advance the science needed to support the adaptive management process.  The committee 40 
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is charged with developing and managing: 1) scientific advisory groups and sub-groups, 2) 1 
research and monitoring programs, 3) a set of protocols to define and guide the execution 2 
of the process, 4) a baseline dataset used to monitor change, and 5) a process for policy 3 
approval of research and monitoring projects and use of external information.  The CMER 4 
Committee is composed of individuals that have expertise in scientific disciplines that will 5 
help address forestry, fish, wildlife, and landscape process issues including mass wasting, 6 
hydrology, and fluvial geomorphology.  Membership is approved by the Forest Practices 7 
Board and is open to Washington DNR, WDFW, Ecology, Federal agencies (including 8 
NMFS, USFWS, and EPA), timber landowners, tribal governments, county governments, 9 
and environmental interests. 10 

Adaptive Management Program Administrator 11 
The Adaptive Management Program Administrator is a full-time employee of Washington 12 
DNR and is responsible for overseeing the adaptive management program and supporting 13 
CMER.  The Administrator makes regular reports to Policy and the Forest Practices Board 14 
on program and project priorities, status, and expenditures.  The Administrator has 15 
credentials as a program manager, scientist, and researcher. 16 

Scientific Review Committee  17 
The Scientific Review Committee carries out an independent peer review process to 18 
determine if work performed by CMER is scientifically sound and technically credible.  19 
The Scientific Review Committee is comprised of individuals with experience in scientific 20 
research and has no affiliation with the CMER Committee.  Scientific Review Committee 21 
members are selected by the Committee editor and can be nominated by the CMER 22 
Committee.  CMER determines what products should be subject to review by the Scientific 23 
Review Committee, but at a minimum, the Scientific Review Committee reviews final 24 
reports of CMER funded studies, certain CMER recommendations, and pertinent studies 25 
not published in a CMER-approved, peer-reviewed journal.  Other products that may 26 
require review include external information or data, work plans, requests for proposal, 27 
study proposals, final study plans, and progress reports. 28 

The adaptive management process involves all program components detailed above.  A 29 
process framework for implementing the program is described in the FFR and WAC 222-30 
12-045.  A more detailed process guide is has been being developed and will be included in 31 
the Forest Practices Board Manual (as Section 22).  The Forest Practices Board adopted 32 
Board Manual Section 22 in August 2005.  The Forest Practices Board Manual guide will 33 
serve as a procedures manual for the adaptive management program and will further define 34 
the roles and responsibilities of the various program components described in the FFR and 35 
regulations.  The adaptive management Board Manual will also include the CMER 36 
Protocols and Standards Manual that describes the operational aspects of the program’s 37 
research and monitoring branch.  The Protocols and Standards Manual will further define 38 
the roles and responsibilities of the CMER Committee, its members, and its Scientific 39 
Advisory Groups described in the FFR and regulations.  The Protocols and Standards 40 
Manual, under development, will also describe processes such as project prioritization, 41 
project management, data and document management, budgeting, accounting, contracting, 42 
and dispute resolution.   43 
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The CMER Committee producesd a work plan in 2004 each year that describeds the 1 
various adaptive management research and monitoring programs, associated projects, and 2 
work schedule.  The draft 2005 Work Plan has been reviewed by TFW/FFR Policy Group 3 
and has been submitted for approval to the Forest Practices Board adopted the 2006 work 4 
plan in August 2005 (FPHCP Appendix H).  at its November 2004 meeting.  The CMER 5 
Work Plan is intended to inform CMER participants, policy constituents, and members of 6 
the public about CMER activities.  The Plan is a document that is to be revised in response 7 
to research findings, changes in policy objectives, and funding.  A summary of the CMER 8 
Committee’s research and monitoring programs follows.  For more detail see the latest 9 
CMER Work Plan at the following Web site:  10 
http://www.dnr.wa.gov/htdocs/agency/federalassurances/servicesreview/ 11 

Effectiveness and Validation Monitoring 12 
Effectiveness monitoring is designed to evaluate the degree to which Washington Forest 13 
Practices Rules and guidance meet performance targets and resource objectives.  14 
Validation monitoring will determine if the performance targets are appropriate for meeting 15 
the stated resource objectives.  Effectiveness and validation monitoring are sometimes 16 
referred to as “prescription” or “best management practice” (BMP) monitoring because 17 
they are conducted at a site-scale and generally focus on specific rule prescriptions or 18 
practices.  The CMER Committee has identified 16 effectiveness and validation monitoring 19 
sub-programs (CMER Work Plan 2004).  Each sub-program has several associated 20 
projects, some of which have been scoped and are currently underway while others have 21 
not yet reached the scoping phase. 22 

Extensive Monitoring 23 
Extensive monitoring evaluates the statewide status and trends of key watershed processes 24 
and habitat conditions across covered lands.  Extensive monitoring is a landscape-scale 25 
assessment of the effectiveness of Washington Forest Practices Rules to attain specific 26 
performance targets.  This is different from effectiveness monitoring, which evaluates the 27 
effect of specific prescriptions or practices at the site scale.  Extensive monitoring is 28 
designed to provide periodic measures of rule effectiveness that can be used in the adaptive 29 
management process to determine if progress is consistent with expectations.  The CMER 30 
Committee has identified four extensive monitoring sub-programs (CMER Work Plan 31 
2004).  Currently, all extensive monitoring sub-programs are in the scoping and design 32 
phase. 33 

Intensive Monitoring 34 
Intensive monitoring is a watershed-scale research program designed to evaluate 35 
cumulative effects and to provide information that will improve understanding of the 36 
interactions between forest practices and covered resources.  An evaluation of cumulative 37 
effects at a watershed scale requires an understanding of how individual actions or 38 
practices influence a site and how the associated responses propagate downstream through 39 
the system.  This understanding is designed to enable the evaluation of the effectiveness of 40 
forest practices applied at multiple locations over time.  Evaluating biological responses is 41 
similar and requires an understanding of how various actions interact to affect habitat 42 
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conditions and how system biology responds to habitat changes.  The CMER Committee 1 
has identified four research topics suitable for inclusion in an intensive monitoring 2 
program (CMER Work Plan 2004).  Currently, scoping is underway to identify critical 3 
questions and hypotheses. 4 

Rule Implementation Tools 5 
Rule implementation tools are projects designed to develop, refine, or validate protocols, 6 
models, and targets used to facilitate forest practices rule implementation.  Two types of 7 
rule tool projects have been identified.  The first type is known as Methodological Projects.  8 
These projects involve the development, testing, or refinement of field protocols and 9 
models used in the identification and location of important landscape features such as 10 
water type breaks, unstable slopes, and sensitive sites.  The second type is known as Target 11 
Verification Projects.  Projects in this category are designed to assess the validity of 12 
performance targets thought to have an uncertain scientific foundation such as the DFC 13 
basal area targets for RMZs.  The CMER Committee has identified nine rule 14 
implementation tool sub-programs consisting of 23 projects (CMER Work Plan 2004).  15 
The CMER Committee and Washington DNR have agreed to assign management and 16 
oversight of rule implementation tools to Washington DNR Forest Practices Division.  17 
Washington DNR advises the CMER Committee on project priorities and provides regular 18 
status reports for ongoing projects. 19 

A detailed discussion of the effect of varying levels of support for adaptive management 20 
program is found in Chapter 4 (Environmental Effects). 21 

2.3.3 Alternative 3 (Implement a Conservation Plan with a NMFS Section 22 
4(d) Limit 13 Approval and USFWS Section 4(d) Take Exemption) 23 

2.3.3.1 General Description 24 
Under Alternative 3, NMFS, consistent with it regulations (65 FR 42422), would issue a 25 
finding that the regulations adopted by the Forest Practices Board are at least as protective 26 
as the elements of the FFR and are consistent with the conservation of listed salmonids.  27 
With such findings, the take prohibitions would not apply to non-Federal and non-tribal 28 
forest management activities in Washington under 50 CFR 223.203(b)(13) (ESA Section 29 
4(d) Limit 13).  The NMFS Section 4(d) rule is described in more detail in subsection 30 
1.2.3.2 (ESA Section 4).  Alternative 3 would also include the development and adoption 31 
of an ESA Section 4(d) rule by the USFWS to authorize take of bull trout.  Take 32 
authorization under this alternative differs from Alternatives 2 and 4 in terms of species 33 
covered and duration.  Take coverage under ESA Section 4(d) can only extend to species 34 
currently listed as threatened, and only to those species specifically addressed in the rule.  35 
This alternative, therefore, addresses only the take of threatened species in portions of 36 
seven Evolutionarily Significant Units (ESUs) in Washington State (Table 1-1; Table 3-20; 37 
Figures 3-3 through 3-8).  Unlike Alternative 2 or Alternative 4, fish and amphibian 38 
species not listed as threatened would not be covered.  In addition, this alternative would 39 
not cover endangered species (e.g., Upper Columbia River Spring Chinook salmon, Upper 40 
Columbia River steelhead, and Snake River sockeye salmon), or Snake River steelhead, 41 
Snake River Spring/Summer Chinook and Snake River Fall Chinook, which are listed as 42 
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threatened but not included under NMFS’ Limit 13.  The existing NMFS Section 4(d) rule 1 
contains provisions for terminating the take authorization for cause.  NMFS has retained in 2 
the Section 4(d) rule the authority to require changes to the conservation regime to 3 
maintain the take authorization.  NMFS may also terminate or modify the take 4 
authorization by modifying the ESA Section 4(d) rule.   5 

The regulatory outcomes of Alternative 3 are expected to be somewhat predictable because 6 
they would involve the continued implementation of the Forest Practices Regulatory 7 
Program as currently described in WAC 222.  Expected outcomes of Alternative 3 include:  8 

• Decreased stakeholder support and participation relative to Alternative 2 because of 9 
lack of take authorization for endangered species, some threatened species, and 10 
unlisted species, and because of less certainty as to its term.  Greater support and 11 
participation relative to either scenario under No Action Alternative 1 that does not 12 
include take authorization. 13 

• Because of reduced stakeholder support and participation, public funding for 14 
implementation of the Forests Practices Regulatory Program would be uncertain 15 
compared to Alternative 2, but more certain than under either scenario under No 16 
Action Alternative 1. 17 

• Compared with either scenario under No Action Alternative 1, there would be less 18 
immediate need for identifying forestry-related TMDLs, as required by the Federal 19 
Clean Water Act, and the Washington Forest Practices Rules would be used as the 20 
implementation mechanism for forestry on State and private forestlands related to 21 
setting TMDLs for mixed-use lands.thesre would be less immediate need for 22 
conducting forestry-related TMDLs, as required by the Federal Clean Water Act, and 23 
use of the Washington Forest Practices Rules as the implementation mechanism for 24 
lands covered by the Forest Practices Act related to TMDLs for mixed-use lands. 25 

• There exists the possibility of ESA Section 4(d) take authorization being revoked due 26 
to uncertainties resulting from the above outcomes or other reasons determined by the 27 
Services.  The Services could also require, in the future, revisions to the conservation 28 
measures to maintain the ESA Section 4(d) take authorization.  29 

2.3.3.2 Washington Forest Practices Rules and Program – Specific 30 
Description 31 

Both the rules and programs implemented under Alternative 3 would generally be the same 32 
as under Alternative 2, although differences would be likely to occur as a result of reduced 33 
stakeholder support and participation levels in the non-regulatory programs because of 34 
reduced regulatory certainty.  As with Alternative 2, funding for implementation of the 35 
Washington Forest Practices Regulatory Program under Alternative 3 is expected to be more 36 
certain than under No Action Alternative 1-Scenario 1 and Scenario 2 (but certainty of 37 
funding is less under Alternative 3 than under Alternative 2).  This is particularly true for the 38 
adaptive management program (addressed in the next paragraph).  Refer to subsection 39 
2.3.2.2, Alternative 2, Washington Forest Practices Rules and Programs – Specific 40 
Description, for a description of the other specific rules and programs under Alternative 2. 41 
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The adaptive management program under Alternative 3 would be part of the rules, as 1 
described in WAC 222-12-045.  However, because the regulatory stability afforded by 2 
Section 4(d) ESA coverage is substantially less than under Section 10, the adaptive 3 
management program would likely lose some of its support and, therefore, functional 4 
effectiveness relative to Alternative 2 and the status quo.  However, it is reasonable to 5 
assume the reductions in participation and funding would not be as severe as under No 6 
Action Alternative 1-Scenario 1 or Scenario 2.  The adaptive management program would 7 
function at some level in between No Action Alternative 1-Scenario 1 and Alternative 2.  A 8 
reasonable assumption would be that a few more effectiveness and validation projects 9 
and/or rule tool projects might be funded, or that an intensive monitoring project could be 10 
done.  Again, the timelines for accomplishing these projects would likely be longer due to 11 
less funding and fewer people willing to participate. 12 

A detailed discussion of the effect of varying levels of support for adaptive management 13 
program is found in Chapter 4 (Environmental Effects). 14 

2.3.4 Alternative 4 (Increased Forest Ecosystem Protections) 15 
2.3.4.1 General Description 16 
Alternative 4 was developed based on public comments and internal scoping discussions 17 
that identified the need for an alternative that would include more restrictive forest 18 
practices rules than Alternatives 2 or 3.  Many aspects of this alternative are based on 19 
Pollaock and Kennard (1998), Forest Ecosystem Management Assessment Team (1993), 20 
and other recommendations from the public (subsection 2.4.3, Alternative with a Higher 21 
Protection/Restriction Level). 22 

Under Alternative 4, the Services would issue ITPs to the State of Washington for a more 23 
restrictive set of Washington Forest Practices Rules than are represented by the current 24 
Forest Practices Regulatory Program.  Alternative 4 is the same as Alternative 3 in the 25 
Final Environmental Impact Statement on Alternatives for Forest Practices Rules for 26 
Aquatic and Riparian Resources (SEPA EIS), which was developed to meet the 27 
requirements under SEPA for the adoption of the Washington Forest Practices Rules of 28 
2001 (subsection 2.3.4.2, Washington Forest Practices Rules and Program – Specific 29 
Description).  Alternative 4 would include issuance of two ITPs (one by each Service) that 30 
would be valid for a term of 50 years (subsection 2.3.2.1, Alternative 2, General 31 
Description).     32 

Alternative 4 would require action by the State Legislature or a court order to initiate 33 
additional rule-making by the Forest Practices Board to increase protective measures in the 34 
Washington Forest Practices Rules.  By current statute, the Forest Practices Board can only 35 
modify the current Washington Forest Practices Rules pertaining to aquatic resources by: 36 
recommendations resulting from the adaptive management program, State legislative 37 
direction, or court order (RCW Chapter 6.09.370(6)) (subsection 1.3.1.2, The Forests and 38 
Fish Report).  Because this alternative would effectively negate the FFR and the resulting 39 
Forest Practices Regulatory Program, the near-term and long-term outcomes may include: 40 
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• A decrease in public funding for implementation of the Forests Practices Regulatory 1 
Program, particularly monitoring and adaptive management, 2 

• A need to prepare more forestry-related TMDLs sooner (relative to current rules) since 3 
the EPA timing for setting forestry TMDLs was predicated on the 2001 rules and 4 
adaptive management program, and 5 

• A decrease in the collaboration and participation among Forests and Fish stakeholders, 6 
particularly landowner participation, in the implementation of the non-regulatory 7 
elements of the FFR. 8 

2.3.4.2 Washington Forest Practices Rules and Program – Specific 9 
Description 10 

The forest practices rules and programs under Alternative 4 would be more restrictive than 11 
those approved under No Action Alternative 1-Scenario 1 (or Alternatives 2 and 3), and 12 
substantially more restrictive than the rules in effect on January 1, 1999 found under No 13 
Action Alternative 1-Scenario 2.  The following specific forest practices rules and 14 
programs are included under Alternative 4. 15 

Water Typing 16 
Under Alternative 4, a geomorphic-based system for defining streams, consisting of three 17 
water types, is identified as follows: 18 

• Streams with a gradient between 0 and 20 percent⎯these are channels considered to be 19 
important for fish. 20 

• Streams with a gradient between 20 and 30 percent⎯these are channels considered to 21 
be important for coarse sediment storage and as a source of LWD. 22 

• Streams with a gradient greater than 30 percent⎯these are channels considered to be 23 
important because they are prone to channelized landslides and are sources of LWD.  24 

Riparian Habitat 25 
This section describes the riparian habitat protection provided by Alternative 4.  In addition 26 
to this protection, major waterways designated as “Shorelines of Statewide Significance” 27 
are given additional protection under the Shoreline Management Act.  This additional 28 
protection would be the same as that described under No Action Alternative 1 (subsection 29 
2.3.1.2, Washington Forest Practices Rules and Program – Specific Description). 30 

RMZ Description 31 
Under Alternative 4, buffers are identified along all streams.  These zones are measured 32 
horizontally from the bankfull width, Channel Migration Zone, Beaver Habitat Zone (See 33 
footnote 1 to Table 2-13), or Channel Disturbance Zone (See footnote 2 to Table 2-13), 34 
whichever is greater.  They are generally the same on both the east and westsides of the 35 
State (Table 2-13).  These are no-harvest buffers, except for improving riparian function 36 
through thinning as defined below. 37 

Limited thinning would be allowed within these buffers, but only in the specific case of 38 
converting a hardwood-dominated stand to one that is conifer-dominated (Option 1), or  39 
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Table 2-13.  Riparian Buffer Widths under Alternative 4. 1 

Channel Gradient 
Minimum Buffer Width 

(feet) Expanded Buffers 
0 to 20 % 200 Channel migration zone, Beaver Habitat Zone1/ 

20 to 30 % 100 Channel Disturbance Zone2/ 
>30% 70 Channel Disturbance Zone2/ 

1/  Beaver Habitat Zone is the area occupied by beaver ponds and adjacent riparian areas that are currently used by beavers or have 
potential beaver habitat. 

2/  Channel Disturbance Zone is the area within 30 feet of the lateral extent of an expected channelized landslide. 
> = greater than 2 
% = percent 3 

facilitating the development of 200-year-old stand conditions (Option 2).  These options 4 
are further described below.  5 

No harvest is allowed within 30 feet of the bankfull width in any stand or within the 6 
Beaver Habitat Zone.  In addition, no-harvest is allowed of trees that are of sufficient size 7 
to produce functionally sized wood as LWD; these trees are determined using the method 8 
in Bilby and Ward (1989) for stream channels with bankfull widths of 50 feet or less, or 9 
the method in Abbe and Montgomery (19971996) for channels greater than 50 feet.  All 10 
cut trees are to remain within the riparian area, until monitoring reveals the prescriptions 11 
are effectively meeting riparian and channel objectives.   12 

Landowners applying for either thinning option would be subject to a Class IV-Special 13 
permit, which requires SEPA review.  In addition, a monitoring program must be 14 
implemented to document conditions within the riparian area and adjacent stream channel 15 
prior to and after riparian treatments. 16 

Either thinning option would be limited to 10 percent or less of the total stream length 17 
within an individual ownership over the first 5 years.  No more than 20 percent of the total 18 
stream length within an individual ownership would be treated until effectiveness 19 
monitoring indicates that riparian and channel goals are being met. 20 

Option 1—Hardwood Conversion 21 
Where converting hardwood-dominated riparian areas to conifer vegetation is necessary, 22 
only trees in excess of the 140 largest trees per acre can be harvested. 23 

Option 2—Conifer Stand Development 24 
Where facilitating the development of a 200-year stand condition is desired while 25 
providing sufficient near-term recruitment potential, a maximum of 15 percent understory 26 
conifer removal is permitted. 27 

Salvage Logging within RMZs 28 
Salvage logging within an RMZ under Alternative 4 would be restricted as described under 29 
No Action Alternative 1-Scenario 1. 30 
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Cable Yarding 1 
Cable yarding within an RMZ under Alternative 4 would be restricted as described under 2 
No Action Alternative 1-Scenario 1. 3 

Wetlands 4 
Under Alternative 4, a new hydrogeomorphic wetland classification system (one based on 5 
water flow patterns, location in the landscape, and topography) would be developed and 6 
adopted.  In addition, in contrast to current rules that require a variable-width Wetland 7 
Management Zone on non-forested wetlands, fixed-width Wetland Management Zones 8 
would be established on non-forested wetlands under this alternative.  Open water 9 
wetlands, including bogs, would receive a managed 200-foot buffer, and other non-forested 10 
wetlands would receive a 100-foot managed buffer.  In forested wetlands, similar to current 11 
rules, no Wetland Management Zones would be established.  However, only partial harvest 12 
would be allowed; snags, non-merchantable trees, understory vegetation, and 70 percent of 13 
the canopy cover would be retained. 14 

Hydrology 15 
Under Alternative 4, a landscape rule would be applied to all applications to limit the 16 
amount of early seral land within a watershed in the rain-on-snow zone.  The rule would 17 
maintain a minimum of two-thirds of lands, by ownership, within the rain-on-snow zone of 18 
a basin 1,000 acres or more in size, in stands that are at least 25 years old.  19 

Forest Pesticides 20 
Under Alternative 4, three main changes to current Washington Forest Practices Rules 21 
would be adopted.  First, plants with cultural value would specifically be protected from 22 
forest pesticides, by not allowing application on areas they are known to occur.  Second, 23 
hand-application of forest pesticides would be prohibited within 50 feet of all typed waters.  24 
Finally, in cases where forest pesticides are necessary to help restore RMZ function, an 25 
alternative plan would be needed to proceed. 26 

However, it should be noted the Services will not provide take authorization for the use of 27 
forest pesticides as provided in the Washington Forest Practices Rules pending resolution 28 
of consultations between the Services and EPA regarding the effects of pesticide 29 
applications on listed species. 30 

Unstable Slopes 31 
Under Alternative 4, high-hazard unstable slopes would be defined as under No Action 32 
Alternative 1-Scenario 1.  However, all planar slopes greater than 80 percent slope would 33 
be added to the high hazard geomorphic list.  If the high hazard unstable slope has the 34 
potential to deliver sediment to a public resource or to threaten public safety, no forest 35 
practices would be allowed on the high hazard landform or within 50 feet of the high 36 
hazard landform.  Moderate hazard landforms would include all slopes greater than 50 37 
percent.  Management prescriptions for moderate landforms would be developed.  38 
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Forest Roads 1 
The rules for forest roads under Alternative 4 would be similar to No Action Alternative 1-2 
Scenario 1 in respect to the requirements for road location and design and road and landing 3 
construction requirements.  Road maintenance and abandonment plans would be required 4 
for all landowners, and the plans would be implemented by 2010.  In addition, under this 5 
alternative, there would be no net increase in roads within an ownership or within a basin.  6 
Whenever a new road is proposed, an equivalent amount of road on the same property or 7 
the same basin would have to be abandoned using the abandonment guidelines in the 8 
current rules.  Orphan roads would also be inventoried and assessed.  In addition, orphan 9 
roads would also have to be abandoned using the abandonment guidelines in the current 10 
rules. 11 

Watershed Analysis 12 
Under Alternative 4, all aspects of the Watershed Analysis process would be the same as 13 
under the other alternatives.  In addition, under Alternative 4, post-Watershed Analysis 14 
monitoring would still be voluntary for those watershed analyses that are completed, but 15 
would be required for all new watershed analyses conducted.  Likewise, restoration plans 16 
for degraded instream and riparian areas with the potential to supply critical habitat 17 
requirements would be required in all Watershed Administrative Units. 18 

Upland Wildlife 19 
Under Alternative 4, the Washington Forest Practices Rules pertaining to upland wildlife 20 
would be the same as those described for No Action Alternative 1-Scenario 1 (subsection 21 
2.3.1.2, Washington Forest Practices Rules and Program – Specific Description). 22 

Cultural Resources 23 
Under Alternative 4, the protections provided under Alternative 1 would still be in place.  24 
However, the degree of incidental protection provided to cultural resources in riparian 25 
habitats and wetlands would be increased in proportion to the increase in the amount of 26 
area protected in these habitats under Alternative 4.  As in No Action Alternative 1-27 
Scenario 1, a new cultural resources module would be added to the State Watershed 28 
Analysis procedures.   29 

Adaptive Management 30 
Under Alternative 4, the adaptive management process would be linked more directly to 31 
the Forest Practices Board.  The Forest Practices Board would take direct control over all 32 
effectiveness and validation monitoring and any research projects needed to answer 33 
questions relevant to forest practices.  The TFW/FFR Policy Group would be disbanded, 34 
and a new stakeholder advisory committee would be established that does not work on a 35 
consensus basis and whose membership is approved by the Forest Practices Board.  36 
Proposals for changes to the rules that are supported by a simple majority, and even a 37 
minority, of the committee may be brought before the Forest Practices Board for review 38 
and decision.   39 

However, while regulatory certainty in the form of Section 10 ITPs, from each of the 40 
Services, is part of Alternative 4, the alternative is not likely to be broadly supported 41 
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among FFR stakeholders, particularly the landowner caucus.  Due to the substantial 1 
increase in regulatory protective measures and associated costs and revenue losses, 2 
landowner support for adaptive management would likely decrease substantially.  The 3 
resulting effects would likely be less in-kind participation, less access to private lands for 4 
research and monitoring, and the state being less successful in competing for funding to 5 
support the adaptive management program.  Thus, while protective measures are greater 6 
under Alternative 4 than other alternatives, the ability of the adaptive management program 7 
to measure the effectiveness of those measures would be reduced. 8 

2.4 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM 9 
DETAILED ANALYSIS 10 

In addition to the four alternatives analyzed in detail in this FEIS and described in 11 
subsection 2.3 (Alternatives Analyzed in Detail), three other alternatives were also 12 
considered.  Many of the elements of the individual proposals identified below were 13 
incorporated into the four alternatives analyzed in detail.  However, these proposals were 14 
not analyzed in detail as a whole because they did not satisfy the stated purpose and need. 15 

2.4.1 Alternative with Fewer Restrictions on Landowners than the 16 
Proposed FPHCP 17 

Comments received through public scoping suggested that an alternative should be 18 
considered that had fewer restrictions for landowners than the current Washington Forest 19 
Practices Rules included in the State’s proposed FPHCP.  This alternative could be one that 20 
is similar to the Washington Forest Practices Rules that were in effect on January 1, 1999, 21 
prior to the current Washington Forest Practices Rules.  This alternative was considered, 22 
but is not analyzed in detail because: 1) it would not be consistent with the direction of the 23 
State Legislature; 2) it is not consistent with the stated purpose and need in that it would 24 
not allow for adequate protection and conservation of listed, proposed, and unlisted species 25 
to the extent intended under ESA Section 10(a)(1)(B) and ESA Section 4(d), while 26 
providing for long-term management of forest resources on State and private lands 27 
(subsection 1.3, Background and Context); and 3) the effects of this alternative are 28 
considered in the scenarios of the No Action Alternative 1 (subsection 2.3.1, 29 
Alternative 1). 30 

2.4.2 Alternative with a Reduced Permit Duration or the Elimination of a 31 
“No Surprises” Provision 32 

Some of the comments received during scoping suggested that it is premature to provide 33 
take authorization based on the current Washington Forest Practices Rules for the long 34 
term.  They suggested an alternative that would be similar to the State’s proposed FPHCP, 35 
Alternative 2, except that it would either limit the duration of take authorization to 5 or 10 36 
years or would not include a “No Surprises” provision.  The “No Surprises” policy (U.S. 37 
Federal Register, Vol. 63, No. 35, February 23, 1998, pages 8859-8873) has been a 38 
provision in the Section 10 process that has meant that no additional restrictions or 39 
protective measures would be imposed on an HCP permit holder beyond those indicated in 40 
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the HCP and associated Implementation Agreement.1  Under “No Surprises,” the Services 1 
would not require the commitment of additional land, water, or financial compensation or 2 
additional restrictions on the use of land, water, or other natural resources beyond the level 3 
otherwise agreed to in the FPHCP without the consent of the permittee, as long as the 4 
permittee is implementing the terms and conditions of the FPHCP, ITP, and other 5 
associated documents, in good faith.  This type of alternative was recommended by a 6 
number of commenters to allow for changes deemed necessary for species conservation as 7 
a result of scientific monitoring.  8 

Factors considered by the Services to determine the appropriate permit duration include the 9 
duration of an applicant’s proposed activities and the expected positive and negative 10 
effects on covered species associated with the proposed duration.  The Services also 11 
consider the extent that the conservation program being implemented would increase the 12 
long-term survivability of the listed species and/or enhance its habitat.  For activities that 13 
occur over extended time periods (e.g., timber harvest management), the permit would 14 
appropriately need to encompass time periods sufficient to address the temporal aspects of 15 
those activities. 16 

This alternative was considered, but it was not analyzed in detail because it does not meet 17 
the purpose and need.  Specifically, this alternative does not provide for long-term 18 
regulatory stability, in that landowners would not necessarily have some predictable set of 19 
forest practices regulations, due to a permit length of only 5 to 10 years.  Also, a reduced 20 
permit length does not encompass the time period for the activities described in this EIS 21 
(i.e., timber harvest management).   22 

2.4.3 Alternative with a Higher Protection/Restriction Level 23 
A number of commenters recommended alternatives for consideration that are much more 24 
restrictive than the current Washington Forest Practices Rules.  Some commenters 25 
recommended an alternative based on the 10,000 Years Institute Low-Risk Strategy for 26 
Preserving Riparian Buffers Needed to Protect and Restore Salmonid Habitat in Forested 27 
Watersheds of the Pacific Northwest.  This strategy includes riparian buffers of 250 feet in 28 
width on all perennial streams, and riparian buffers equal to 50 to 250 feet in width on all 29 
seasonal streams (Pollack and Kenard 1998).  Others recommended an alternative based on 30 
the 1993 report by the Forest Ecosystem Management Assessment Team (FEMAT 1993), 31 
which forms the basis for riparian protection on many Federal lands in the Northwest.  A 32 
number of other broad recommendations were also made for more restrictive alternatives. 33 

                                                      
1 Pursuant to a June 10, 2004 court order in Spirit of Sage Council v. Norton, Civil Action No. 98-
1873 (D.DC), the U.S. Fish and Wildlife Service and the National Marine Fisheries Service area 
enjoined from approving new ESA Section 10(a)(1)(B) permits or related documents containing 
“No Surprises” assurances until such time as the USFWS adopts new permit revocation rules 
specifically applicable to ESA Section 10(a)(1)(B) permits in compliance with public notice and 
comment requirements of the Administrative Procedures Act.  Until such time that USFWS’ and 
NMFS’ authority to issue permits with “No Surprises” assurances has been reinstated, the UFSWS 
and NMFS will not approve any Incidental Take Permits or related documents that contain “No 
Surprises” assurances. 
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Alternative 4, as described in subsection 2.3.4 (Alternative 4 – Increased Forest Ecosystem 1 
Protections) responds to these comments in providing higher levels of protection/restriction 2 
for the covered species than are provided by Alternative 2.  Specific aspects of this 3 
alternative are based on Pollack and Kenard (1998), FEMAT (1993), and other public 4 
scoping comments.  A number of variations of Alternative 4 were considered in light of the 5 
range of reasonable alternatives developed for this action.  Alternative 4 is similar to the 6 
most restrictive alternative that was analyzed and rejected by the State during its evaluation 7 
and revision of the riparian Washington Forest Practices Rules.  Therefore, Alternative 4 is 8 
already at the end of the range of reasonable alternatives, and is representative of the higher 9 
protection/restriction level alternatives. 10 
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 21 

3.1 INTRODUCTION 22 
This chapter describes the affected environment to provide background for the assessment 23 
of the environmental effects of the alternatives in Chapter 4 (Environmental Effects) and 24 
Chapter 5 (Cumulative Effects).  The affected environment sections describe the resources 25 
and their current conditions against which the anticipated environmental effects of the 26 
alternatives described in Chapter 2 (Alternatives) are evaluated.  The first section describes 27 
land ownership and use within the State, to provide context for the description of the other 28 
sections.  The remaining sections present the physical environment first, followed by the 29 
biological environment, and then the social environment.  The specific order of the sections 30 
is as follows: 31 

• Land Ownership and Use (subsection 3.2) 32 
• Air Quality (subsection 3.3) 33 
• Geology, Soils, and Erosional Processes (subsection 3.4)  34 
• Water Resources (subsection 3.5) 35 
• Vegetation (subsection 3.6) 36 
• Riparian and Wetland Processes (subsection 3.7) 37 
• Fish and Fish Habitat (subsection 3.8) 38 
• Amphibians and Amphibian Habitat (subsection 3.9) 39 
• Birds, Mammals, Other Wildlife and Their Habitats (subsection 3.10) 40 
• Recreation (subsection 3.11) 41 
• Visual Resources (subsection 3.12) 42 
• Cultural Resources and Indian Trust Resources (subsection 3.13) 43 
• Socioeconomic Conditions (subsection 3.14) 44 
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The study area that defines the affected environment includes the majority of the State of 1 
Washington.  The proposed action and the alternatives would directly affect the forested 2 
lands that are covered by the Washington Forest Practices Rules.  These lands include the 3 
non-Federal and non-tribal forestlands of the State (Figure 3-1).  These lands are referred 4 
to as the “covered lands” or the lands subject to Washington Forest Practices Rules in this 5 
EIS (See also the SEPA Final EIS on Alternatives for Forest Practices Rules for: Aquatic 6 
and Riparian Resources dated April 2001, Washington Forest Practices Board). 7 

In addition to displaying the covered lands, Figure 3-1 displays 12 analysis regions, which 8 
are similar to the 10 regions identified in the Forest Practices Alternatives SEPA EIS Rules 9 
for Aquatic and Riparian Resources (Washington Forest Practices Board 2001c, 2002).  10 
However, to more fully capture the diverse landscape of the Puget Sound Region, this 11 
Region was divided into three smaller regions in this document.  Detailed maps of each 12 
analysis region that illustrate rivers, lakes, highways, and more local place names are 13 
provided in the Regional Summaries (DEIS Appendix A). 14 

The 12 analysis regions are referenced in this EIS to describe some of the regional aspects 15 
of the affected environment.  This information is used in Chapters 4 and 5 to assess the 16 
indirect effects of the alternatives described in Chapter 2 (Alternatives).  The regions were 17 
defined based on three factors:  the distribution of threatened and endangered salmonids, 18 
Water Resource Inventory Area (WRIA) boundaries, and the physiographic regions of the 19 
State.  The 12 analysis regions consist of 7 western Washington regions and 5 in eastern 20 
Washington as follows: 21 

Western Washington Analysis Regions 22 

• North Puget Sound 23 
• South Puget Sound 24 
• West Puget Sound 25 
• Islands 26 
• Olympic Coast 27 
• Southwest 28 
• Lower Columbia 29 
Eastern Washington Analysis Regions 30 

• Middle Columbia 31 
• Upper Columbia – Downstream of Grand Coulee Dam 32 
• Upper Columbia – Upstream of Grand Coulee Dam 33 
• Snake River 34 
• Columbia Basin 35 
To provide further background and detail for the affected environment descriptions and the 36 
evaluation of effects, detailed summaries of land ownership and use and physical and 37 
biological factors were developed for each of the analysis regions.  These descriptions are 38 
provided in DEIS Appendix A.   39 

 40 
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Figure 3-1. Analysis Regions and Covered Lands in Washington. 

Figure 3-1.  Analysis Regions and Covered Lands in Washington1

 

1Lands managed under existing HCPs are shown along with covered lands.  These lands are not part of the FPHCP.  See FPHCP Section 1-5 for a detailed 
description of HPHCP covered lands. 
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3.2 LAND OWNERSHIP AND USE 1 

3.2.1 Introduction 2 
The State of Washington is approximately 43,272,000 acres in size.  Federal lands 3 
comprise approximately 30 percent of the State, with slightly more than one-third of these 4 
lands (11 percent of the State) classified as wilderness, national parks, or wildlife refuges.  5 
State and tribal lands comprise approximately 9 percent and 7 percent of the State, 6 
respectively, with county and city lands accounting for approximately 1 percent.  The 7 
remaining 53 percent of the lands in Washington are in private ownership (Table 3-1). 8 

Slightly more than half of Washington State (53 percent) is forested (Table 3-2). 9 
Forestland accounts for 83 percent of western Washington and just 36 percent of eastern 10 
Washington.  Eastern Washington is, however, considerably larger than western 11 
Washington, accounting for 64 percent of the State.  Approximately 9 million acres in 12 
eastern Washington are forested, compared to 13 million acres in western Washington.  13 
Shrubland and grassland comprise approximately 23 percent of the State, with the majority 14 
of these lands (97 percent) located in eastern Washington.  Agricultural lands account for 15 
approximately 18 percent of the State.  Freshwater and wetlands account for 2 percent of 16 
the State; ice, snow, and bare rock account for another 2 percent; with residential and 17 
commercial lands covering the remaining 2 percent (Table 3-2). 18 

Approximately 28 percent of forestlands in the State are Federal and State lands not 19 
managed for timber production.  Federal and tribal lands available for timber management 20 
comprise approximately 22 percent of the forestland in the State.  The remaining 50 21 
percent are State, county, city, and private lands that are potentially available for timber 22 
management under the Washington Forest Practices Rules (Table 3-3).  These State, 23 
county, city, and private lands account for approximately 26 percent of total State lands.  24 
State, county, city, and private lands potentially available for timber management under the 25 
Washington Forest Practices Rules account for approximately 62 percent of forestlands in 26 
western Washington and 34 percent in eastern Washington (Table 3-3). 27 

Land ownership and use across Washington State is heavily affected by the distribution 28 
and size of the human population.  Approximately 5.9 million people resided in 29 
Washington State in 2000, an increase of approximately 21 percent or one million people 30 
since 1990 (U.S. Census Bureau 2000).  Population projections anticipate continued 31 
population growth in the State, with the total population projected to reach 7.5 million by 32 
2020 (Washington Office of Financial Management 2002a).  As the population of the State 33 
continues to increase, land ownership and land use are affected, and development in the 34 
form of urban growth and low-density residential areas is likely to continue to encroach on 35 
the State’s forestlands, farmlands, and fish and wildlife habitat.  Population trends are 36 
discussed further in subsection 3.14 (Social and Economic Environment). 37 

The remainder of this section is divided into four subsections that address existing Habitat 38 
Conservation Plans (HCPs), land ownership and use by region, timber harvest rates, and 39 
forestland conversion, respectively. 40 
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Table 3-1. Land Ownership Acreage in Washington State by Analysis Region. 

Analysis Region 

Federal 
Wildernesses, 

National Parks, and 
Wildlife Refuges  

Other 
Federal 
Lands 

State Parks 
and Wildlife 

Areas 

Washington 
DNR and 

Other State 
Lands  

County and 
City Lands  Tribal Lands  Private Lands  Total 

Western Washington         
North Puget Sound  1,323,585 987,699 20,707 493,568 31,761 40,785 1,499,857 4,397,962 
South Puget Sound  200,046 279,906 8,003 161,563 122,175 23,351 1,383,184 2,178,228 
West Puget Sound 454,466 235,362 13,154 176,166 9,194 15,349 831,597 1,735,288 
Islands 1,990 8,425 11,417 12,895 1,321 0 210,775 246,822 
Olympic Coast 529,794 196,674 1,673 309,147 7,752 234,990 476,837 1,756,868 
Southwest  12,132 124,872 12,582 304,062 40,062 4,623 1,814,921 2,313,254 
Lower Columbia 327,355 750,238 14,033 325,013 2,512 95 1,653,166 3,072,412 
Western Washington Total 2,849,368 2,583,176 81,569 1,782,414 214,777 319,193 7,870,337 15,700,834 
Percent of Western 
Washington Total 18% 16% 1% 11% 1% 2% 50% 100% 

Eastern Washington         
Middle Columbia  355,338 1,302,933 178,826 464,006 1,388 1,255,467 2,939,158 6,497,115 
Upper Columbia - 
Downstream of Grand 
Coulee  1,203,796 2,043,164 183,062 573,642 1,237 431,539 1,964,137 6,400,577 
Upper Columbia - Upstream 
of Grand Coulee  82,706 1,477,635 33,649 345,066 10,293 1,084,900 2,713,551 5,747,801 
Snake River 125,263 338,433 44,592 231,230 795 0 3,835,556 4,575,868 
Columbia Basin 34,358 353,942 65,990 254,332 214 0 3,641,362 4,350,198 
Eastern Washington Total 1,801,461 5,516,107 506,119 1,868,276 13,927 2,771,906 15,093,764 27,571,559 
Percent of Eastern 
Washington Total  7% 20% 2% 7% 0% 10% 55% 100% 
STATE TOTAL 4,650,830 8,099,284 587,687 3,650,689 228,705 3,091,098 22,964,102 43,272,394 
State Total Percent 11% 19% 1% 8% 1% 7% 53% 100% 
Source:  Washington DNR Major Public Lands and WRIA GIS layers 2004. 
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Table 3-2. Acreage of Washington State in General Land Cover/Use Categories by Analysis Region.   THE FOLLOWING TABLE 
REFLECTS SLIGHT CORRECTIONS TO THE NUMBERS 

Region Forestland Shrubland Grassland 
Water and 
Wetlands 

Ice, Snow, and 
Bare Rock 

Residential and 
Commercial Agricultural Total 

Western Washington         
North Puget Sound  3,427,389 106,174 133,094 70,315 273,175 84,006 303,810 4,397,962 
South Puget Sound  1,532,444 32,300 30,042 58,902 47,483 362,597 114,460 2,178,228 
West Puget Sound  1,522,197 19,653 22,516 20,668 32,629 71,238 46,387 1,735,288 
Islands 180,280 4,246 2,120 2,625 1,809 14,405 41,338 246,822 
Olympic Coast 1,671,071 11,469 6,991 33,691 27,081 2,023 4,542 1,756,869 
Southwest  2,057,847 16,384 8,708 17,393 37,705 30,949 144,267 2,313,254 
Lower Columbia 2,615,716 45,965 24,033 90,245 58,791 65,890 171,772 3,072,412 
Western Washington 
Total 13,006,945 236,191 227,504 293,838 478,673 631,108 826,576 15,700,835 
Percent of Western 
Washington Total 83% 2% 1% 2% 3% 4% 5% 100% 

Eastern Washington         
Middle Columbia 2,691,428 1,828,019 620,489 92,672 52,850 76,321 1,135,336 6,497,115 
Upper Columbia-
Downstream of Grand 
Coulee  2,773,963 1,633,425 1,113,611 125,284 153,691 30,129 570,474 6,400,577 
Upper Columbia-Upstream 
of Grand Coulee  4,084,042 360,940 386,508 131,279 3,354 81,353 700,325 5,747,801 
Snake River 376,314 1,343,586 369,788 63,443 913 30,921 2,390,903 4,575,868 
Columbia Basin  12,843 1,696,447 175,867 111,579 874 46,574 2,306,015 4,350,198 
Eastern Washington Total 9,938,590 6,862,417 2,666,262 524,257 211,682 265,298 7,103,053 27,571,559 
Percent of Eastern 
Washington Total  36% 25% 10% 2% 1% 1% 26% 100% 
STATE TOTAL 22,945,535 7,098,609 2,893,766 818,095 690,355 896,406 7,929,629 43,272,394 
Percent of State Total 53% 16% 7% 2% 2% 2% 18% 100% 
Source:  U.S. Geological Survey Land Use/Land Cover and WRIA GIS layers 2004. 
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Table 3-3. Ownership and Management of Forestlands in Washington State by Analysis Region. 
Forestlands Available for Timber Management and  

Subject to Washington Forest Practices Rules 

Region 

Federal and State 
Protected Lands 
Not Managed for 

Timber Production1/ 

Federal and Tribal 
Lands Available 

for Timber 
Management2/ 

Washington DNR and 
Other State Lands3/ 

Private, County, 
and City Lands Total 

Total 
Forested 

Lands 
Western Washington       

North Puget Sound  1,644,519 235,028 472,932 1,074,910 1,547,842 3,427,389 
South Puget Sound  291,193 122,903 148,349 970,000 1,118,349 1,532,444 
West Puget Sound  631,196 22,105 168,691 700,204 868,896 1,522,198 
Islands 11,706 3,607 10,562 154,405 164,967 180,280 
Olympic Coast 684,287 228,828 307,170 450,786 757,957 1,671,071 
Southwest  140,690 3,933 294,684 1,618,539 1,913,223 2,057,847 
Lower Columbia 719,253 262,482 313,523 1,320,459 1,633,982 2,615,716 
Western Washington Total 4,122,844 878,886 1,715,911 6,289,303 8,005,216 13,006,945 
Percent of Western Washington Total 32% 7% 13% 48% 62% 100% 

Eastern Washington       
Middle Columbia 879,862 867,469 231,650 712,447 944,097 2,691,428 
Upper Columbia-Downstream of Grand 
Coulee  1,267,217 1,034,605 214,305 257,835 472,140 2,773,963 
Upper Columbia-Upstream of Grand 
Coulee  102,588 2,177,129 284,808 1,519,518 1,804,326 4,084,043 
Snake River 95,725 149,067 12,791 118,730 131,522 376,314 
Columbia Basin  36 120 1,481 11,205 12,687 12,843 
Eastern Washington Total 2,345,428 4,228,390 745,035 2,619,735 3,364,772 9,938,591 
Percent of Eastern Washington Total  24% 43% 7% 26% 34% 100% 
STATE TOTAL 6,468,273 5,107,277 2,460,947 8,909,039 11,369,986 22,945,536 
Percent of State Total 28% 22% 11% 39% 50% 100% 
1/ Federal and State Protected Lands not Managed for Timber Production includes forestlands set aside for wilderness, late successional reserves, managed late successional reserves, adaptive management 

areas, national wildlife refuges, national parks, Washington State parks, and Washington Department of Fish and Wildlife lands.   
2/   Federal and Tribal Lands Available for Timber Management include U.S. Forest Service Matrix lands, other National Forest Service lands, BLM lands, Department of Defense lands, and all tribal lands. 
3/   Washington DNR and Other State Lands include all Washington DNR, Department of Corrections, and University lands.  
 

Source:  U.S. Geological Survey Land Use/Land Cover and WRIA GIS layers 2004  
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3.2.2 Existing Habitat Conservation Plans  1 
As of June 2004, there were 11 HCPs in the State of Washington that had been approved 2 
by the Services (Table 3-4).  Although the specific activities covered and the mitigation 3 
requirements vary under each plan depending on the interests of the landowners, most were 4 
developed for forest management activities.  The only exception to this is the Daybreak 5 
Mine HCP, which covers floodplain-adjacent mining.  The largest HCP, completed in 6 
1997, covers approximately 1.6 million acres of State trust lands managed by Washington 7 
DNR.   8 

3.2.3 Land Ownership and Use by Region 9 
The amount of forestland by region ranges from approximately 13,000 acres in the 10 
Columbia River Basin analysis region to just over 4 million acres in the Upper Columbia – 11 
Upstream of Grand Coulee Region (Table 3-2).  Land ownership and use is summarized by 12 
analysis region in Tables 3-1, 3-2, and 3-3 and discussed in the following subsections.  13 
More detailed descriptions are found in the Region Descriptions in DEIS Appendix A.  The  14 

Table 3-4. Completed Habitat Conservation Plans in Washington State (as of 15 
October 2004).  16 

Name Species 
Approximate 

HCP Start Date1/ Status Acres2/ 
West Fork Timber 3/ Spotted Owl 1992 Completed 1993 53,500 
West Fork Timber All Species 1994 Completed 1995 See Above 
Scofield Spotted Owl 1996 Completed 1996 4/ 40 
Plum Creek (Cascades) All Vertebrates 1993 Completed 1996 170,000 
Port Blakely (Robert B. 
Eddy) 

All Species 1994 Completed 1996 7,500 

Washington DNR State 
Trust Lands 

All Species6/ 1993 Completed 1997 1,600,0006/ 

Seattle Public Utilities Multiple Species 1994 Completed 2000 91,000 
Green Diamond 
Resource Co.5/ 

Multiple Species 1997 Completed 2000 262,000 

City of Tacoma/Tacoma 
Water 

Multiple Species 1997 Completed 2001 15,000 

Boise Cascade Spotted Owl 2001 Completed 2001 620 
Day Break Mine 
(Storehdahl) 

Aquatic Species 1999 Completed 2004 300 

1/ Start dates are approximate.  Applicants often prepare in advance of initiating active involvement with the Services. 
2/ Acres presented here are rounded from acres reported in the original HCP documents.  In some cases, lands have been added to 

or subtracted from that reported in the original documents, and actual acres managed presently under the HCPs may be slightly 
different. 

3/ Previously known as the Murray-Pacific Corporation; name was changed to the original company name. 
4/ The original documents were completed in 1996.  However, unlike the other completed HCPs, this resulted in a short-term (1 

year) permit, which has since expired.  The mitigation continues in the form of a perpetual deed restriction. 
5/ Previously known as the Simpson Resource Company. 
6/ Aquatic species are not covered on approximately 228,000 acres of State lands on the eastside of the Cascade Crest. 
 
Source:  USFWS 2004a. 
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analysis regions are shown in Figure 3-1, which also identifies those forestlands that are 1 
subject to the Washington Forest Practices Rules. 2 

3.2.3.1 Western Washington 3 
North Puget Sound  4 
The North Puget Sound Region is approximately 4,398,000 acres in size.  Approximately 5 
3,427,000 acres, or 78 percent, of this area is forestland.  Agricultural lands make up 7 6 
percent of the Region, and residential and commercial land uses make up 2 percent.  7 
Ice/snow and bare rock makes up 6 percent.  Other land use/land cover types each make up 8 
3 percent or less (Table 3-2).   9 

Approximately 48 percent of the forestlands in this Region are managed under a Federal or 10 
State protected status that generally does not allow timber production.  Approximately 7 11 
percent of the forestlands are under other Federal or tribal management and are potentially 12 
available for timber production; the remaining 45 percent of the forestlands are State, 13 
county, city, and private lands that are potentially available for timber management under 14 
the Washington Forest Practices Rules (Table 3-3).   15 

South Puget Sound  16 
The South Puget Sound Region is approximately 2,178,000 acres in size.  Approximately 17 
1,532,000 acres, or 70 percent, of this area is forestland.  Developed residential and 18 
commercial lands make up 17 percent of the Region (primarily the Seattle-Tacoma area), 19 
and agricultural lands make up 5 percent.  Other land use/land cover types each make up 3 20 
percent or less (Table 3-2).   21 

Approximately 19 percent of the forestlands in the Region are managed under a Federal or 22 
State protected status that generally does not allow timber production.  Approximately 8 23 
percent of the forestlands are under other Federal or tribal management and are potentially 24 
available for timber production; the remaining 73 percent of the forestlands are State, 25 
county, city, and private lands that are potentially available for timber management under 26 
the Washington Forest Practices Rules (Table 3-3). 27 

West Puget Sound  28 
The West Puget Sound Region is approximately 1,735,000 acres in size.  Approximately 29 
1,522,000 acres, or 88 percent, of this area is forestland.  Developed residential and 30 
commercial lands make up 4 percent of the Region, and agricultural lands make up 3 31 
percent.  Other land use/land cover types each make up 2 percent or less (Table 3-2).   32 

Approximately 41 percent of the forestlands in the Region are managed under a Federal or 33 
State protected status that generally does not allow timber production.  Approximately 1 34 
percent of the forestlands are under other Federal or tribal management and are potentially 35 
available for timber production; the remaining 57 percent of the forestlands are State, 36 
county, city, and private lands that are available for timber management under the 37 
Washington Forest Practices Rules (Table 3-3). 38 
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Islands  1 
The Islands Region is approximately 247,000 acres in size.  Approximately 180,000 acres, 2 
or 73 percent, of this area is forestland.  Agricultural lands make up 17 percent of the 3 
Region, and developed residential and commercial lands make up 6 percent.  Other land 4 
use/land cover types each make up 2 percent or less (Table 3-2). 5 

Approximately 6 percent of the forestlands in this Region are managed under a Federal or 6 
State protected status that generally does not allow timber production.  Approximately 2 7 
percent of the forestlands are under other Federal or tribal management and are potentially 8 
available for timber production; the remaining 92 percent of the forestlands are State, 9 
county, city, and private lands that are available for timber management under the 10 
Washington Forest Practices Rules (Table 3-3).   11 

Olympic Coast 12 
The Olympic Coast Region is approximately 1,757,000 acres in size.  Approximately 13 
1,671,000 acres, or 95 percent, of this area is forestland.  All other land use/land cover 14 
types each make up 2 percent of the area or less (Table 3-2).  15 

Approximately 41 percent of the forestlands in this Region are managed under a Federal or 16 
State protected status that generally does not allow timber production.  Approximately 14 17 
percent of the forestlands are under other Federal or tribal management and are potentially 18 
available for timber production; the remaining 45 percent of the forestlands are State, 19 
county, city, and private lands that are available for timber management under the 20 
Washington Forest Practices Rules (Table 3-3).   21 

Southwest 22 
The Southwest Region is approximately 2,313,000 acres in size.  Approximately 2,058,000 23 
acres, or 89 percent, of this area is forestland.  Agricultural lands make up 6 percent of the 24 
Region, and all other land use/land cover types each make up 2 percent of the area or less 25 
(Table 3-2).   26 

Approximately 7 percent of the forestlands in this Region are managed under a Federal or 27 
State protected status that generally does not allow timber production.  Less than 1 percent 28 
of the forestlands are under other Federal or tribal management and are potentially 29 
available for timber production; the remaining 93 percent of the forestlands are State, 30 
county, city, and private lands that are potentially available for timber management under 31 
the Washington Forest Practices Rules (Table 3-3).   32 

Lower Columbia  33 
The Lower Columbia Region is approximately 3,072,000 acres in size.  Approximately 34 
2,616,000 acres, or 85 percent, of this area is forestland.  Agricultural lands make up 6 35 
percent of the Region, residential and commercial lands make up 2 percent and water and 36 
wetlands make up 3 percent.  Other land use/land cover types each make up 2 percent or 37 
less (Table 3-2).    38 

Approximately 27 percent of the forestlands in this Region are managed under a Federal or 39 
State protected status that generally does not allow timber production.  Approximately 10 40 
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percent of the forestlands are under other Federal or tribal management and are potentially 1 
available for timber production; the remaining 62 percent of the forestlands are State, 2 
county, city, and private lands that are potentially available for timber management under 3 
the Washington Forest Practices Rules (Table 3-3).     4 

3.2.3.2 Eastern Washington  5 
Middle Columbia  6 
The Middle Columbia Region is approximately 6,497,000 acres in size.  Approximately 7 
2,691,000 acres, or 41 percent, of this area is forestland.  Shrubland and grassland 8 
combined make up 38 percent of the Region, and agricultural lands make up 17 percent.  9 
Other land use/land cover types each make up 1 percent or less (Table 3-2). 10 

Approximately 33 percent of the forestlands in this Region are managed under a Federal or 11 
State protected status that generally does not allow timber production.  Approximately 32 12 
percent of the forestlands are under other Federal or tribal management and are potentially 13 
available for timber production; the remaining 35 percent of the forestlands are State, 14 
county, city, and private lands that are potentially available for timber management under 15 
the Washington Forest Practices Rules (Table 3-3). 16 

Upper Columbia River Downstream of Grand Coulee  17 
The Upper Columbia – Downstream of Grand Coulee Dam Region is approximately 18 
6,401,000 acres in size.  Approximately 2,774,000 acres, or 43 percent, of this area is 19 
forestland.  Shrubland and grassland combined make up 43 percent of the Region, and 20 
agricultural lands make up 9 percent.  Other land use/land cover types each make up 2 21 
percent or less (Table 3-2). 22 

Approximately 46 percent of the forestlands in this Region are managed under a Federal or 23 
State protected status that generally does not allow timber production.  Approximately 37 24 
percent of the forestlands are under other Federal or tribal management and are potentially 25 
available for timber production; the remaining 17 percent of the forestlands are State, 26 
county, city, and private lands that are potentially available for timber management under 27 
the Washington Forest Practices Rules (Table 3-3).     28 

Upper Columbia River Upstream of Grand Coulee  29 
The Upper Columbia – Upstream of Grand Coulee Dam Region is approximately 30 
5,748,000 acres in size.  Approximately 4,084,000 acres, or 71 percent, of this area is 31 
forestland.  Shrubland and grassland combined make up 13 percent of the Region, and 32 
agricultural lands make up 12 percent.  Other land use/land cover types each make up 2 33 
percent or less (Table 3-2). 34 

Approximately 3 percent of the forestlands in this Region are managed under a Federal or 35 
State protected status that generally does not allow timber production.  Approximately 53 36 
percent of the forestlands are under other Federal or tribal management and are potentially 37 
available for timber production; the remaining 44 percent of the forestlands are State, 38 
county, city, and private lands that are potentially available for timber management under 39 
the Washington Forest Practices Rules (Table 3-3).     40 
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Snake River  1 
The Snake River Region is approximately 4,576,000 acres in size.  Approximately 376,000 2 
acres, or 8 percent, of this area is forestland.  Shrubland and grassland combined make up 3 
37 percent of the Region, and agricultural lands make up 52 percent.  Other land use/land 4 
cover types each make up 1 percent or less (Table 3-2). 5 

Approximately 25 percent of the forestlands in this Region are managed under a Federal or 6 
State protected status that generally does not allow timber production.  Approximately 40 7 
percent of the forestlands are under other Federal or tribal management and are potentially 8 
available for timber production; the remaining 35 percent of the forestlands are State, 9 
county, city, and private lands that are potentially available for timber management under 10 
the Washington Forest Practices Rules (Table 3-3).     11 

Columbia Basin  12 
The Columbia Basin Region is approximately 4,350,000 acres in size.  Approximately 13 
13,000 acres, or less than 1 percent, of this area is forestland.  Shrubland and grassland 14 
combined make up 43 percent of the Region, and agricultural lands make up 53 percent.  15 
Open water and wetlands make up 3 percent and other land use/land cover types each make 16 
up 1 percent or less (Table 3-2). 17 

Less than 1 percent of the forestlands in this Region are managed under a Federal or State 18 
protected status that generally does not allow timber production.  Approximately 1 percent 19 
of the forestlands are under other Federal or tribal management and are potentially 20 
available for timber production; the remaining 99 percent of the forestlands are State, 21 
county, city, and private lands that are potentially available for timber management under 22 
the Washington Forest Practices Rules (Table 3-3).     23 

3.2.3.3 Summary 24 
The distribution of lands potentially available for timber management under the 25 
Washington Forest Practices Rules is shown graphically in Figure 3-1.  Approximately 70 26 
percent of these lands are located in western Washington.  Four of the 12 analysis regions 27 
each account for more than 10 percent of these lands.  The Southwest, Upper Columbia-28 
Upstream of Grand Coulee Dam, Lower Columbia, and North Puget Sound Regions 29 
accounted for 17 percent, 16 percent, 14 percent, and 14 percent of the statewide total, 30 
respectively (Figure 3-1).  31 

Lands potentially available for timber management under the Washington Forest Practices 32 
Rules comprise a relatively large share of total forestlands in the Southwest (79 percent), 33 
South Puget Sound (63 percent), Lower Columbia (50 percent), and Upper Columbia-34 
Upstream of Grand Coulee Dam (44 percent) Regions. 35 

3.2.4 Timber Harvest Rates for Western and Eastern Washington 36 
As discussed in subsection 3.6.1 (Forest Vegetation), forest stand conditions in western and 37 
eastern Washington vary in terms of levels of precipitation, stand composition, densities, 38 
and disturbance regimes.  As a result, different harvest strategies and harvest levels, as well 39 
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as different land uses are typically seen in each half of the State.  The following 1 
subsections address western and eastern Washington in turn. 2 

3.2.4.1 Western Washington 3 
Approximately 13 million acres or 83 percent of the land base in western Washington is 4 
forestland.  Approximately 4.1 million acres, or 32 percent, of the total forested acres are 5 
generally unavailable for harvest due to some form of protected status leaving 8.9 million 6 
acres (68 percent) potentially available for timber harvest (Table 3-3).  Forestlands in 7 
western Washington account for about 57 percent of the forestland in the State (Table 3-2), 8 
but have historically provided over 80 percent of the total timber harvest (Adams et al. 9 
1992).  Annual harvest levels for 1990 through 2002 are displayed by ownership in 10 
subsection 3.14 (Social and Economic Environment).  These data indicate that 75 percent 11 
of the statewide harvest occurred in western Washington in 2002, with the remaining 25 12 
percent taking place in eastern Washington (Washington DNR 2004b). 13 

Private landowners (including both large and small forest landowners) account for roughly 14 
6.1 million acres or about 47 percent of the total westside forestland base.  Historically, 15 
private landowners have accounted for a large share of the overall westside timber harvest, 16 
with rates between 1949 and 2002 averaging around 72 percent of the total westside 17 
harvests (Table 3-5), and 59 percent of the total statewide harvest (Table 3-6).  Private 18 
landowners accounted for 84 percent of the total westside harvest in 2002, as well as 84 19 
percent of total statewide harvest (Washington DNR 2004b). 20 

3.2.4.2 Eastern Washington 21 
Forestlands comprise a much smaller portion of the total land base in eastern Washington 22 
than they do in western Washington.  This is primarily due to a combination of drier 23 
growing conditions and relatively high percentages of agricultural lands and naturally  24 

Table 3-5. Western Washington Timber Harvests by Ownerships, 1949-2002. 25 

Owner Class 

Total 
Harvest in 
MBF for 

1985-2002 

Percent of 
Total 

Harvest 
for 1985-
2002 (%) 

Total 
Harvest in 
MBF for 

1949-1984 

Percent of 
Total 

Harvest for 
1949-1984 

(%) 

Total 
Harvest in 
MBF for 

1949-2002 

Percent of 
Total 

Harvest for 
1949-2002 

(%) 
Native American 691,098 1.0 4,625,909 2.7 5,317,007 2.2 
Forest Industry 33,744,611 47.2 102,038,423 60.5 135,783,034 56.5 
Private, Large 10,878,685 15.2 5,033,071 3.0 15,911,756 6.6 
Private, Small 9,430,217 13.2 7,151,184 4.2 16,581,401 6.9 
Total Private 54,744,611 76.5 118,848,587 70.4 173,593,198 72.2 
   
State 10,073,411 14.1 16,460,816 9.8 26,534,227 11.0 
Other Non-Federal 406,856 0.6 690,527 0.4 1,097,383 0.5 
National Forest 6,130,203 8.6 32,147,529 19.1 38,277,732 15.9 
Other Federal 193,927 0.3 631,276 0.4 825,203 0.3 
Total Public 16,804,397 23.5 49,930,148 29.6 66,734,545 27.8 
Total All 
Ownerships 

71,549,008 -- 168,778,735 -- 240,327,743 -- 

Source:  Washington DNR’s Washington Timber Harvest 2002 report published in 2004.   
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Table 3-6. Washington Timber Harvests in Thousand Board Feet (MBF) by 1 
Ownerships, 1949-2002. 2 

Owner Class 

Total MBF 
Harvested Eastern 

Washington 

Total MBF 
Harvested Western 

Washington 

Statewide 
Total MBF 
Harvested 

Percent of Total 
Statewide Harvest 

(MBF) (%) 
Native 
American 

11,406,533 5,317,007 16,723,540 5.7 

Forest Industry 14,726,109 135,783,034 150,509,143 51.3 
Private, Large 2,299,286 15,911,756 18,211,042 6.2 
Private, Small 5,633,936 16,581,401 22,215,337 7.6 
Total Private 34,065,864 173,593,198 207,659,062 70.8 
State 3,328,364 26,534,227 29,862,591 10.2 
Other Non-
Federal 

210,296 1,097,383 1,307,679 0.5 

National Forest 15,085,700 38,277,732 53,363,432 18.2 
Other Federal 207,346 825,203 1,032,549 0.4 
Total Public 18,831,706 66,734,545 85,566,251 29.2 
Total All 
Ownership 

52,897,570 240,327,743 293,225,313 -- 

Source:  Washington DNR’s Washington Timber Harvest 2002 report published in 2004(Washington DNR 2004b).   

occurring shrub-steppe lands in eastern Washington (Table 3-2).  Approximately 9.9 3 
million acres or 36 percent of the land base in eastern Washington is forestland (Table 3-2).  4 
Approximately 2.3 million acres or 24 percent of this forestland is unavailable for harvest 5 
due to some form of protection status, leaving 7.6 million acres of forestland on the 6 
eastside available for harvest (Table 3-2).  Forestlands in eastern Washington account for 7 
about 43 percent of the forestland in the State (Table 3-2), but have historically provided 8 
less than 20 percent of the total timber harvest (Adams et al. 1992).  Eastern Washington 9 
accounted for 25 percent of statewide timber harvest in 2002 (Washington DNR 2004b). 10 

Private landowners (including both large and small forest landowners) account for roughly 11 
2.6 million acres or about 26 percent of the total eastside forestland base.  Historically, 12 
private landowners in eastern Washington have contributed a large percentage of the 13 
overall eastside timber harvest, with rates between 1949 and 2002 averaging around 64 14 
percent of the total eastside harvests (Table 3-7).  Private landowners accounted for 84 15 
percent of the total eastside harvest in 2002 (Washington DNR 2004b). 16 

 17 
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Table 3-7. Eastern Washington Timber Harvests by Ownerships, 1949-2002. 1 

Owner 
Class 

Total 
Harvest in 
MBF for 

1985-2002 

Percent of 
Total 

Harvest 
for  

1985-2002 
(%) 

Total 
Harvest in 
MBF for 

1949-1984 

Percent 
of Total 
Harvest 
for 1949-
1984 (%) 

Total 
Harvest in 
MBF for 

1949-2002 

Percent of 
Total 

Harvest 
for 1949-
2002 (%) 

Native 
American 

3,793,798 19.7 7,612,735 22.6 11,406,533 21.6 

Forest 
Industry 

5,256,791 27.3 9,469,318 28.1 14,726,109 27.8 

Private, 
Large 

1,277,501 6.6 1,021,785 3.0 2,299,286 4.4 

Private, 
Small 

3,538,796 18.4 2,095,140 6.2 5,633,936 10.7 

Total 
Private 

13,866,886 72.1 20,198,978 60.0 34,065,864 64.4 

State 1,556,742 8.1 1,771,622 5.3 3,328,364 6.3 
Other Non-
Federal 

61,035 0.3 149,261 0.4 210,296 0.4 

National 
Forest 

3,730,678 19.4 11,355,022 33.7 15,085,700 28.5 

Other 
Federal 

27,972 0.2 179,374 0.5 207,346, 0.4 

Total 
Public 

5,376,427 27.9 13,455,279 40.0 18,831,706 35.6 

Total All 
Ownership 

19,243,313 -- 33,654,257 -- 52,897,570 -- 

Source:  Washington DNR’s Washington Timber Harvest 2002 report published in 2004.   
 2 

THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 3 

3.2.4.3 Timber Harvest Rates 4 
Rate of harvest information from Washington DNR indicates that for a three-year period 5 
from 1988 through 1991, statewide harvests amounted to 3.5 percent of the total available 6 
timber supply in Washington State for both partial and even aged harvests combined 7 
(Washington DNR 1996).  This averages to 1.2 percent per year.  This rate slowed slightly 8 
between 1991 and 1993 to an average of 1.1 percent per year statewide for both partial and 9 
even aged harvests combined (Washington DNR 1997) (Table 3-7a). 10 
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Table 3-7a. Timber Harvest Rates in Washington State, 1988 – 1993.  1 
(Rates based on commercial forestland) 2 

Time Period 

Even Aged 
Harvest Acres 

(Avg/Yr) 

Rate of Even 
Aged Harvest 

(Avg/Yr) 

Partial Cut Acres 
Harvested 
(Avg/Yr) 

Rate of Partial 
Cut Harvest 

(Avg/Yr) 
Western Washington     
1988 to 1991 134,970 1.3% 10,653 0.1% 
1991 to 1993 109,820 1.0% 12,778 0.1% 
     
Eastern Washington    
1988 to 1991 48,011 0.5% 43,747 0.5% 
1991 to 1993 32,610 0.3% 75,272 0.8% 
     
Statewide      
1988 to 1991 182,982 0.9% 54,400 0.3% 
1991 to 1993 142,430 0.7% 88,050 0.4% 
Source:  Table modified from Washington DNR 1997.  Rate of Timber Harvest in Washington State:  1991-1993, Report 2. 

3.2.4.4 Timber Supply 3 
In 1990, the Washington Legislature commissioned reports from the University of 4 
Washington to analyze public and private timber supplies in Washington State.  These 5 
independent reports, titled Future Prospects for Western Washington’s Timber Supply and 6 
Eastern Washington Timber Supply Study Analysis, were produced by the College of 7 
Forest Resources in 1992 and 1995, respectively, and described standardized inventories of 8 
the timberland base in western and eastern Washington from historic conditions to the 9 
early 1990s. 10 

Between 1952 and 1990, western Washington’s timberland base had declined by 11 
approximately 1 million acres, or about 10 percent of the 1952 level.  Approximately half 12 
of this decline came from private forestland owners (Adams et al. 1992).  Further, the 13 
University of Washington reported changes in forestland ownership and cubic feet of 14 
growing stock by ownership between 1965 and 1990 (Tables 3-7b and c).  These data 15 
showed that private forestlands, including both industrial and non-industrial uses, 16 
decreased by approximately 4 percent in western Washington between 1965 and 1990.  17 
Future projections indicate that by 2089 the acreage of industrial private forestlands will 18 
decrease by an estimated 9 percent from initial study conditions and non-industrial private 19 
forestlands will decrease by approximately 22 percent (Adams et al. 1992). 20 
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Table 3-7b. Acres (Thousands of Acres) of Forestland by Owner in Western 1 
Washington for the Years 1965, 1980, and 1990.   2 

Year 
National 
Forest 

Other 
Public 

Total 
Public 

Industrial 
Private 

Non-
Industrial 

Private 
Total 

Private 
All 

Owners 
1965 2,352 1,828 4,180 3,612 2,332 5,944 10,124 
1980 2,454 1,813 4,267 3,710 2,229 5,939 10,206 
1990 2,208 1,664 3,872 3,311 2,398 5,709 9,581 
Source:  Table modified from Adams et al 1992. 

 3 

Table 3-7c. Inventory of Growing Stock (Million Cubic Feet) of Forestland in 4 
Western Washington by Owner for the Years 1965, 1980, and 1990.   5 

Year 
National 
Forest 

Other 
Public 

Total 
Public 

Industrial 
Private 

Non-
Industrial 

Private 
Total 

Private 
All 

Owners 
1965 17,327 9,022 26,349 15,971 6,374 22,345 48,694 
1980 14,924 8,756 23,681 14,672 7,591 22,264 45,945 
1990 12,580 8,812 21,392 11,647 8,281 19,929 41,321 
Source:  Table modified from Adams et al 1992. 

The figures reported by the University of Washington for eastern Washington were in a 6 
slightly different format than for western Washington.  Using data from USDA Forest 7 
Service’s Forest Inventory and Analysis surveys, Bare et al. (1995) reported acres of 8 
timberland in eastern Washington from 1968 through 1990 (Table 3-7d).  Based on the 9 
figures reported, timberland acres in eastern Washington did not change from the period of 10 
1980 through 1990, and changed by only approximately 20,000 acres (0.5 percent) from 11 
1968 through 1990 (Bare et al. 1995).  Data demonstrating the amount of growing stock 12 
were not available for eastern Washington; however, a comparison of historic annual 13 
harvests (including National Forest System lands) showed fairly steady harvest rates from 14 
1965 through 1992 (Bare et al. 1995) (Table 3-7e). 15 

Table 3-7d. Acres of Timberland in Eastern Washington by Landowner from 16 
1968-1990.   17 

Year DNR 
Forest 

Industry 
Native 

Americans 

Non-
Industrial 

Landowners All Owners 
1968 538,377 733,079 1,074,073 1,639,598 3,985,127 
1980 575,230 874,612 1,074,073 1,481,490 4,005,405 
1990 583,198 876,585 1,074,073 1,471,548 4,005,404 
Source:  Table modified from Bare et al 1995.  Data based on USDA Forest Service Forest Inventory and Analysis 
surveys. 

 18 
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Table 3-7e. Comparison of Historic Average Annual Harvests (MMBF) in Eastern 1 
Washington by Ownership Between 1965 and 1992. 2 

Historic Average Annual Harvests 
Owner 1965-1992 1985-1992 1990-1992 

National Forests 368 362 284 
DNR 81 98 71 
Forest Industry 255 384 402 
Native American 232 168 145 
Non-industrial 172 193 206 
Total 1,107 1,205 1,108 
Source:  Table modified from Bare et al 1995. 
 3 

END OF NEW TEXT 4 

3.2.5 Forestland Conversion  5 
There are more than 750 million acres of forestland in the United States.  Approximately 6 
500 million acres are classified as timberland, or forests capable of producing 20 cubic feet 7 
per acre of industrial wood annually and not legally reserved from timber harvest.  The 8 
USDA’s 1997 National Resource Inventory estimated that 11 million acres of forest, 9 
cropland, and open space were converted to urban and other developed uses from 1992 to 10 
1997.  Forestland was the largest source of land converted to developed uses.  Urban and 11 
other developed areas are projected to continue to grow substantially over the next 50 12 
years, particularly in the West and the South where the human population is growing the 13 
fastest compared to the rest of the country.  Projected increases in population and income 14 
will, in turn, increase demands for use of land for residential, urban, transportation, and 15 
related uses.  Total forestland area in the United States is projected to decrease by 16 
approximately 23 million acres by 2050, a 3 percent reduction from the 1997 forestland 17 
area. 18 

Consistent with the projected slow decline in total forestland area in the United States, the 19 
total area of private forestland in the United States is projected to decline by 4 percent by 20 
2050.  Subsets of the total private forestland area include industrial forestland area, which 21 
is projected to decline by 3 percent by 2050, and non-industrial private forestland area, 22 
which is projected to decline by 4.4 percent.  A combination of factors has contributed to 23 
the loss of forestland area in the United States since the early 1950s; in more recent 24 
decades the decline has primarily been due to conversion to urban and developed uses 25 
(Alig et al. 2003). 26 

As the population of Washington State continues to grow, lands are being converted from 27 
forestland to other uses.  Comprehensive tracking of forestland conversion rates began in 28 
the late 1970s, with the U.S. Forest Service Forest Inventory and Analysis data (Bolsinger 29 
et al. 1997).  The Forest Service conducted inventories in 1978 and 1979 and again in 1988 30 
and 1989.  Historic data for years prior to 1978 tend to be less consistent.  Some 31 
information is, however, available from the 1930s through the 1970s, and this information 32 
may be used to approximate general trends leading to present day conditions. 33 

The following discussion is divided into three parts that address land conversion trends 34 
from the 1930s through 1991, statewide data compiled from 1997 through 2003 from the 35 
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Washington DNR Forest Practices Application Review System, and data compiled for 1 
King County since 1982. 2 

3.2.5.1 Forestland Conversion from the 1930s to 1991 3 
This subsection is divided into three parts:  Washington forestlands in the 1930s, forestland 4 
conversion from 1945 to 1970, and forestland conversion from 1978 to 1991. 5 

Washington Forestlands in the 1930s 6 
Data compiled from early forest inventory surveys conducted in the 1930s indicate there 7 
were approximately 26.5 million acres of forestlands in Washington State at that time 8 
(Table 3-8).  These data were collected using a combination of methods including field 9 
surveys, analyses of aerial photos, assessment of tax information followed up by field 10 
verification, and review of county records and stocking classification of previously logged 11 
areas.  Approximately 12.5 million acres or 47 percent of forestlands in the State were in 12 
private ownership, with 9.1 million acres or 73 percent of private forestlands located in 13 
western Washington (Table 3-8).  Private forestlands made up 54 percent and 32 percent of 14 
forested lands in western and eastern Washington, respectively. 15 

The total acres of forestlands available for harvest statewide in all ownerships was 16 
approximately 25.2 million acres, of which 15.2 million acres (60 percent) occurred in the 17 
western half of the State, and 10.0 million (40 percent) occurred in the eastern half.  18 
Federal and State forested reserve lands accounted for 804,848 acres statewide or 3 percent 19 
of the total acres of forestland.  Of this, 341,178 acres (42 percent) were in western 20 
Washington, and 463,670 acres (58 percent) were in eastern Washington (Table 3-8). 21 

Table 3-8. Acres of Forestland in Washington State by Ownership in the early 22 
1930s. 23 

Land Ownership 

Western 
Washington 

(Acres) 

Eastern 
Washington 

(Acres) Total (Acres) 
Private 9,055,874 3,432,730 12,488,604 
State- Available for 
harvest 865,346 617,910 1,483,256 

State Reserved  11,882 1,680 13,562 
County/City 344,882 347,995 692,877 
Tribal- Available for 
harvest 250,648 1,516,490 1,767,138 

Federal-Available 
for harvest 4,652,531 4,075,220 8,727,751 

Federal, Other 
Forestland1/ 356,330 190,685 547,015 

Federal Reserved  329,296 461,990 791,286 
Total 15,849,289 10,644,700 26,493,989 
1/ Includes railroad lands, tribal land grants, and miscellaneous lands.   
 
Source: Table modified from Harrington 2003. 
 24 



 
 
 
 
 
 

Final EIS Land Ownership and Use 

 

Chapter 3 

3-21

Comparison between these data and estimated forestlands in Washington in 2004 (Tables 1 
3-2 and 3-3) suggests that there has been a net loss of approximately 3.5 million acres of 2 
forestland since the 1930s, with the majority of this loss (80 percent or 2.8 million acres) 3 
occurring in western Washington.  These data also suggest that reductions in the amount of 4 
privately owned forestland accounted for the majority of this loss. 5 

Forestland Conversion from 1945 to 1970 6 
As the population of Washington State continues to grow, lands are being converted from 7 
forestland to other uses.  Comprehensive tracking of forestland conversion rates began in 8 
the late 1970s with the U.S. Forest Service Inventory and Analysis data (also known as 9 
FIA), which are available in the Forest Service Resource Bulletin PNW-RB-46 (Bolsinger 10 
et al. 1997).  Data presented in the bulletin estimates that 630,000 acres of commercial 11 
forestlands were converted to non-forest uses in Washington over this period, with 12 
conversion to urban-industrial, agricultural, and road use (Table 3-9).  By 1970 there were 13 
an estimated 23.1 million acres of forestland in Washington State, with approximately 4.7 14 
million acres in some kind of reserve status (1.6 million acres) or considered not capable of 15 
growing commercial timber (3.1 million acres) (Table 3-10). 16 

Table 3-9. Conversion of Commercial Forestland in Washington State by 17 
Ownership and Land Use, 1945-1970 (In Thousand Acres). 18 

Ownership Roads Reservoirs Powerlines Farms1/
Urban- 

Industrial Miscellaneous Total 
National Forest 33 10 3 0 0 0 46 
Other Public 22 1 33 -182 35 0 73 
Forest Industry 50 0 38 13 8 0 109 
Farm and 
Miscellaneous 
Private 

27 9 16 135 214 1 402 

Total 132 20 90 130 257 1 630 
1/  Farms include lands converted to both agricultural farming and Christmas tree farms.  
2/  Minus indicates a gain of forestland. 
 
Source:  Table modified from Bolsinger 1973. 

Table 3-10. Acres of Forestland by Land Class in Washington State, 1970 19 
(In Thousand Acres). 20 

Land Class Acres of Forestland 
Commercial Forest 18,401 
Commercial Reserved Forest 1,446 
Noncommercial Forest1 3,108 
Deferred Forest2 143 
Total  23,098 
1/ This report defined Noncommercial forest to mean forestland that is not capable of growing 20 cubic feet 

of industrial wood per year, or is too steep and rocky for harvesting and growing timber crops.   
2/ This report defined Deferred forest to mean commercial forestland within National Forests that was being 

considered for wilderness designation in 1973. 
 
Source:  Table modified from Bolsinger 1973. 
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Forestland Conversion from 1978 to 1991 1 
Between 1978 and 1991, Bolsinger et al. (1997) estimated that lands available for timber 2 
production in Washington outside of the National Forests decreased by 488,000 acres.  3 
This figure includes approximately 117,000 net acres of private timberlands that were 4 
transferred to the National Forest System, and an additional 92,000 acres (mostly tribal) 5 
that were reclassified to reserve status, meaning that they were not available for timber 6 
harvest but were still forested lands.  Conversions to another use accounted for 7 
approximately 279,000 acres.  Clearing for rights-of-way for roads, pipelines, and other 8 
uses accounted for 155,000 acres or 56 percent of this total (Table 3-11).  Most lands 9 
converted to rights-of-way were for construction of roads or landings used for logging and 10 
forest access, or in the case of other private lands, for connection of private properties, or 11 
construction of new or expanding highways or freeways (Bolsinger et al. 1997).  12 
Conversions to urban development accounted for 89,000 acres, with the majority of this 13 
type of conversion (92 percent) occurring on private, non-industrial forestlands 14 
(Table 3-11). 15 

Bolsinger et al. (1997) also considered changes over this period in the “primary forest 16 
zone,” which they defined as large tracts of forestlands with no more than one development 17 
per 640 acres and containing roads that are used primarily for resource extraction and are at 18 
least one-quarter mile apart.  Uses of this land are primarily restricted to timber production, 19 
grazing, watershed, and wildlife protection.  Forestlands within this zone were estimated in 20 
the 1978 to 1980 inventory to be 7,143,000 acres in western Washington and 6,397,000 21 
acres in eastern Washington.  Approximately 10 years later, the 1988 to 1991 inventory 22 
estimated approximately 6,729,000 acres in this zone in western Washington (a loss of 23 
414,000 acres or 6 percent) and 6,384,000 acres in eastern Washington (a loss of 13,000 24 
acres or 0.2 percent) (Bolsinger et al. 1997).    25 

Adams et al. (1992) found that between 1980 and 1990 all ownership groups had a net loss 26 
of forest acres except for non-industrial private landowners, which reported a net gain of 27 
169,000 acres.  However, it was not clear if this gain was from lands converted back into 28 
forest production or if it was simply land purchases.  Adams et al. (1992) attributed 90 29 
percent of the total acreage of forestland conversions to non-forest uses between 1980 and  30 

Table 3-11. Changes in Forestland Area by Ownership and Land Use in 31 
Washington State from 1978-1991.   32 

 Other Public1/ Forest Industry2/ Other Private3/ Total 
Rights-of-way -12,000 -95,000 -48,000 -155,000 
Urban 0 -7,000 -82,000 -89,000 
Agriculture4/ 0 0 -53,000 -53,000 
Reclaimed Forest 0 6,000 12,000 18,000 
Total -12,000 -96,000 -171,000 -279,000 
1/ Lands administered by public agencies other than the USDA Forest Service. 
2/ Lands owned by companies that grow timber for industrial uses. 
3/ Private lands not owned by the forest industry, but including tribal lands, farmer-owned lands, and miscellaneous other private 

lands. 
4/ Agricultural lands, including Christmas tree farms, converted to forestland. 
 
Source: Bolsinger et al. 1997 
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1990 to development such as urban uses (130,000 acres) or rights-of-way development 1 
(50,000 acres). 2 

3.2.5.2 Washington Department of Natural Resources Data 3 
Four classes of forest practices have been established based on the potential of planned 4 
activities to adversely impact public resources.  Forest practices are classed as I, II, III, or 5 
IV, with Class I having no potential of damaging public resources and Class IV having the 6 
greatest potential.  Class IV forest practices are further distinguished as Class IV-Special or 7 
Class IV-General by rule of the Washington Forest Practices Board.  Class IV-Special 8 
forest practices are those that have been determined to have potential for a substantial 9 
impact on the environment.  Class IV-General are forest practices on lands platted after 10 
January 1, 1960, or on lands being converted to another use, or that will not be reforested 11 
because of a likelihood of future conversion to urban development.  12 

Conversion information available from Washington DNR’s Forest Practices Application 13 
Review System database indicate that 53,821 acres of forestland were converted to other 14 
uses between 1997 and 2003, with an average of 7,687 acres per year statewide (Table 15 
3-12).  These data are based on Class IV-General forest practices applications approved by 16 
the Washington DNR.  Some margin of error is expected due to the fact that not all 17 
landowners report conversions of lands that were harvested under a different application 18 
class, and not all landowners who apply to convert their lands actually follow through with 19 
the land conversion.   20 

Transfer of Authority for Class IV – General Applications 21 
While the Forest Practices Board is the entity responsible for establishing forest practices 22 
standards that serve as the basis for the Forest Practices Regulatory Program, and the 23 
Washington DNR is the agency charged with managing Program implementation, some 24 
local governments have authority over Class IV-General forest practices within their 25 
jurisdiction.  In accordance with the Revised Code of Washington (RCW) (RCW Chapter 26 
76.09.240), the Washington DNR is in the process of working with local governments to 27 
transfer jurisdiction of Class IV-General forest practices.  28 

Table 3-12. Acres of Forestlands Converted to Other Uses by Year. 29 

Year 
Total Acres Western 

Washington 
Total Acres Eastern 

Washington 
Total Acres 
Statewide 

1997 4,059.2 3,095.6 7,154.8 
1998 3,748.1 3,675.8 7,423.9 
1999 3,320.7 3,351.1 6,702.2 
2000 3,143.8 1,863.8 5,007.6 
2001 7,374.2 1,258.6 8,632.8 
2002 2,223.6 3,794.9 6,018.5 
2003 10,083.5 2,797.3 12,880.8 
Total 33,953 19,837 53,821 

Source:  Washington DNR FPARS Data Base, January 2004. 
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Each city and county in the State is required to adopt ordinances by December 31, 2005 to 1 
regulate Class IV-General forest practices.  The city or county’s ordinances or regulations 2 
must meet or exceed the standards set forth in the current Washington Forest Practices 3 
Rules.  Washington DNR, in consultation with Washington Department of Ecology 4 
(Ecology), may approve or disapprove the regulations in whole or in part (RCW Chapter 5 
76.09.240(3).  To date, Washington DNR has transferred authority to regulate Class IV-6 
General forest practices to four counties:  Thurston, King, Spokane, and Clark Counties.  7 
Generally, forest practices inside designated urban growth areas are likely to be associated 8 
with future conversion to another land use, while forest practices outside urban growth 9 
areas are not.  In high population growth areas, development pressures may result in more 10 
Class IV-General conversions outside the urban growth area than in areas with lower 11 
growth rates.   12 

3.2.5.3 King County Data 13 
King County, the most populated county in the State, has kept relatively complete data on 14 
Class IV-General conversions of forestland since about 1982.  The average conversion rate 15 
from 1982 to 1987 was about 675 acres per year, which grew in the late 1980s to an 16 
average of 1,500 acres per year (Personal Communication, Chandler Felt, King County 17 
Department of Development and Environmental Studies, February 19, 2004).  Conversion 18 
rates in King County slowed to an average of about 600 acres per year after the adoption of 19 
the 1990 Growth Management Act and because of economic slowdowns also experienced 20 
at that time.  In 1998, another short-lived conversion boom occurred (1,500 acres), after 21 
which the average dropped back down to 490 acres per year (Personal Communication, 22 
Chandler Felt, King County Department of Development and Environmental Studies, 23 
February 19, 2004) (King County 2000) (Table 3-13).  Additionally, in 1994, King County 24 
designated Forest Production Districts under the Growth Management Act, which 25 
established zoning restrictions and other regulations designed to encourage timber 26 
production in those districts.   27 

Table 3-13. Forest Practices Applications and Acres of Converted Forestland in 28 
King County, 1990 through 1998. 29 

Inside Forest Production Areas Outside Forest Production Areas 

Year 

Total 
Acres 

Converted 
Forested Acres 

Converted 

Number of 
Conversion 

Applications 
Forested Acres 

Converted 

Number of 
Conversion 

Applications 
1990 728 1 5 727 56 
1991 426 71 12 355 17 
1992 445 7 1 438 27 
1993 1,131 13 4 1,118 96 
1994 306 0 0 306 32 
1995 674 0 0 674 41 
1996 754 4 1 750 55 
1997 541 58 3 483 34 
1998 1,483 145 5 1,338 27 
Total 6,488 299 31 6,189 385 
Source:  King County 2000 Annual Growth Report; Personal Communication, Chandler Felt, King County Department of Development 

and Environmental Services, February 19, 2004.  

 30 
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3.3 AIR QUALITY  1 
Air quality is regulated by the Federal Clean Air Act, which requires the Environmental 2 
Protection Agency (EPA) to set national ambient air quality standards for pollutants 3 
considered harmful to public health and the environment.  “Ambient air” refers to that 4 
portion of the atmosphere, external to buildings, to which the general public has access.  5 
An air quality standard establishes values for maximum acceptable concentration, exposure 6 
time, and frequency of occurrence of one or more air contaminants in the ambient air. 7 
Ambient air quality standards have been set for six principal pollutants: carbon monoxide, 8 
nitrogen dioxide, ozone, lead, particulate matter, and sulfur dioxide.  The State of 9 
Washington has an approved State Implementation Plan, which regulates, among other 10 
pollutants and emissions from prescribed burning (Washington Department of Ecology 11 
1999a).  The State Implementation Plan also addresses particulate mater (including 12 
“PM10”), visibility, and smoke management.   13 

Prescribed burning on forestland is regulated by Washington DNR’s Resource Protection 14 
Division, which requires a permit for burning.  Washington DNR’s federally mandated 15 
Smoke Management Plan (Washington Administrative Code [WAC] 173-425-120; State 16 
adopted October 18, 1990, EPA effective January 15, 1993) ensures that forest 17 
management-related burning activities comply with the Clean Air Act and provides 18 
regulatory direction, operating procedures, and information regarding the management of 19 
smoke and fuels on the forestlands of Washington (Washington DNR 1993).  The plan 20 
coordinates and facilitates the statewide regulation of prescribed burning on Federal and 21 
non-Federal forestlands and participating tribal lands.  Washington DNR follows the 22 
guidelines set forth in this plan when issuing and regulating burning permits for open fire 23 
when such fires are for the following:  24 

1. Abating a forest fire hazard 25 
2. Preventing a fire hazard in a forested area 26 
3. Instructing public officials in methods of forest fire fighting 27 
4. Any silvicultural operation to improve the forestlands of the State 28 

In particular, three potential sources of particulate air pollution associated with forest 29 
management activities are slash burning, wildfire, and road use.  Managers of non-Federal 30 
forestlands in Washington typically use slash burning as part of their site preparation 31 
activities, usually by concentrating slash in piles and burning the piles (slash concentrated 32 
burning) rather than by broadcast burning, as was more common in the past.  Broadcast 33 
burning is the practice of burning logging slash scattered throughout a recently harvested 34 
unit to prepare the site for planting and/or to reduce dangerous fuel loads.  Burning is 35 
usually done in the spring or fall under wetter conditions when fewer particulates are 36 
emitted than would be the case if the same fuels burned in a wildfire.  Particulate emissions 37 
from wildfires are, on average, three to four times higher than from prescribed burning 38 
(Washington DNR 1996).  39 

The use of logging roads during dry weather conditions generates air-borne dust.  Air-40 
borne dust is regulated through road maintenance standards of the Washington Forest 41 
Practices Board (WAC 222-24) and safety standards of the Washington Department of 42 
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Labor and Industries (WAC 296-54).  The amount of air-borne dust is a function of road 1 
use and surfacing material.  Gravel can reduce dust on dirt roads (Washington Department 2 
of Ecology 2001) as can water and chemical dust suppressants.  In general, the adverse 3 
effects of air-borne dust are localized and short term (Washington DNR 1996). 4 

The main sources of air pollution in western Washington include motor vehicles (55 5 
percent), industrial (13 percent), and wood stoves (9 percent).  Approximately 4 percent is 6 
generated from outdoor burning, a portion of which comes from forest management 7 
activities (Washington Department of Ecology 2003).  Air quality in Washington is 8 
generally good or moderate, although some areas do not meet Federal standards on some 9 
days.  Air quality has improved greatly since 1987, when Washington violated air quality 10 
standards on 150 days.  This figure dropped to 7 percent in 1999 (Washington Department 11 
of Ecology 2003).   12 

One of the ecological benefits of forested lands is the enhancement of air quality.  Plants 13 
enhance air quality by emitting oxygen and consuming carbon dioxide, the gas most 14 
associated with global warming.  In addition, trees retard the spread of air-borne 15 
particulates by trapping the material on their leaf surfaces and by slowing the wind speed 16 
to the point that particulates cannot remain suspended.  Timber harvesting temporarily 17 
removes the air quality benefits provided by trees (Washington DNR 1996). 18 

 19 
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3.4 GEOLOGY, SOILS, AND EROSIONAL PROCESSES 1 

3.4.1 Geology and Soils 2 
The geology and soils of Washington are highly variable and complex.  Because lands 3 
covered by the Forest Practices Habitat Conservation Plan (FPHCP) are widely distributed 4 
throughout the State, the geologic and soil conditions on those lands are similarly complex.  5 
The physiographic provinces of the State are shown in Figure 3-2.  Overviews of the 6 
geologic and soil conditions on covered lands are provided below and have been grouped 7 
according to geologically similar analysis regions (using the analysis regions described in 8 
Section 3.1, Introduction).  Region-specific descriptions of the geology and soils can be 9 
found in DEIS Appendix A.  10 

3.4.1.1 North Puget, South Puget, West Puget, Olympic, and Islands 11 
Regions 12 
The North Puget, South Puget, West Puget, Olympic, and Islands Regions encompass the 13 
entire Olympic Mountains physiographic province and parts of the Northern Cascades, 14 
Southern Cascades, Puget Lowland, and Willapa Hills physiographic provinces as defined 15 
by Lasmanis (1991).  The physiography of these five regions reflects widespread glacial 16 
activity that occurred during the Fraser Glaciation approximately 25,000 to 10,000 years 17 
ago.  Alpine glaciers extending out of the Cascade and Olympic mountain ranges carved 18 
U-shaped river valleys while continental glaciers pushed through what are now Puget 19 
Sound and the Strait of Juan de Fuca. 20 

Figure 3-2. Physiographic Provinces of Washington State. 21 

 22 

 23 
Source:  Lasmanis 1991.   24 
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In addition to shaping the topography of the regions, glaciers blanketed large areas with 1 
till, outwash, and lake sediments.  These glacial deposits served as parent materials on 2 
which many of the regions’ soils have developed.  Glaciers left behind landforms that 3 
range from nearly flat glacial plains in the Puget Lowland to very long, steep mountain 4 
slopes in the Northern and Southern Cascades and Olympic Mountains physiographic 5 
provinces. 6 

While Quaternary glacial deposits dominate areas that lie within the Puget Lowland 7 
physiographic province, other areas contain highly diverse rock types.  The most common 8 
geologic units in the Northern Cascades and Olympic Mountains include sedimentary and 9 
volcanic rocks from the Lower Tertiary Period and Mesozoic Era and intrusive igneous 10 
rocks from the Tertiary Period. 11 

The relatively short time since deglaciation has limited the degree of soil development in 12 
many parts of these regions.  The glacial deposits and other parent materials remaining 13 
after deglaciation have not undergone the higher levels of physical and chemical 14 
weathering and related soil formation found in non-glaciated areas of the State.  Soils 15 
developed on glaciated terrain tend to have much lower levels of organic matter in their 16 
surface horizons and less horizon development than older, more heavily weathered soils in 17 
other parts of Washington.  Soils developed from glacial parent materials are common at 18 
low elevations, as are alluvial soils along major rivers and streams.  The primary types of 19 
glacial parent materials, in order of their relative coverage, are glacial till, glacial outwash, 20 
and glacial lake sediments.  At moderate to high elevations, soils are more commonly 21 
formed from a mixture of colluvial bedrock materials, glacial drift deposits, and volcanic 22 
ash (Washington DNR 1996). 23 

3.4.1.2 Southwest and Lower Columbia Regions 24 
The Southwest and Lower Columbia Regions encompass the Willapa Hills and Portland 25 
Basin physiographic provinces and parts of the Olympic Mountains, Puget Lowland, and 26 
Southern Cascades provinces as defined by Lasmanis (1991).  Unlike analysis regions to 27 
the north, many parts of the Southwest and Lower Columbia Regions were never glaciated.  28 
As a result, highly weathered rocks that are relatively easily erodible remain widespread, 29 
particularly in the Southwest Region and the western portions of the Lower Columbia 30 
Region.  Erosion of these rocks has produced hills and ridges that are rounded with short, 31 
steep slopes and low gradient stream channels. 32 

The eastern part of the Lower Columbia Region includes portions of the Southern 33 
Cascades physiographic province that was subject to alpine glaciation during the 34 
Pleistocene Epoch.  This area is similar to the glaciated northern regions where broad, U-35 
shaped valleys and long, steep slopes are common.  Typical geologic units in the 36 
Southwest and Lower Columbia Regions are Quaternary Period sediments (including 37 
alluvial and coastal deposits), Tertiary Period sedimentary rocks, and Lower Tertiary 38 
volcanic rocks.    39 

Due to the limited influence of glacial activity in these regions, soils tend to be older, 40 
deeper, finer in texture, and have a higher nutrient status relative to soils in the northern 41 



 
 
 
 
 
 

Final EIS Geology, Soils, and 
 Erosional Processes 

Chapter 3 

3-29

analysis regions described earlier.  Due to these soil characteristics and the generally 1 
favorable climatic conditions, the average potential productivity of covered lands in the 2 
Southwest and Lower Columbia Regions tends to be higher than in other regions. 3 

Most non-alluvial soils have formed on parent materials derived from the underlying 4 
bedrock.  Topography strongly influences the character and behavior of these soils.  On 5 
steeper slopes, soils tend to be shallower, have higher gravel contents and lower potential 6 
productivities relative to soils on more gentle terrain.  This is primarily due to the increased 7 
potential for surface erosion and mass wasting on steeper slopes (Washington DNR 1996). 8 

3.4.1.3 Middle and Upper Columbia (Downstream of Grand Coulee Dam) 9 
Regions 10 

The Middle and Upper Columbia (Downstream of Grand Coulee Dam) Regions include 11 
portions of the Southern Cascades, Northern Cascades, and Columbia Basin physiographic 12 
provinces as defined by Lasmanis (1991).  These Regions largely consist of eastward 13 
trending river valleys that are deeply dissected and separated by sharp ridge crests.  14 
Volcanic rocks of the Columbia River Basalt Group and younger Quaternary volcanics, 15 
including andesite and basalt flows, dominate the geology in the Middle Columbia Region.  16 
Deposits of alpine glacial sediments are also scattered throughout the Region at higher 17 
elevations. 18 

Further north, the Upper Columbia Region (downstream of Grand Coulee Dam) lies within 19 
the rugged Northern Cascades where the influence of glaciation is more apparent.  All but 20 
the highest peaks in the Region have been heavily glaciated and the valleys of Columbia 21 
River tributaries have relatively flat bottoms and steep walls.  Dominant geologic units 22 
include Lower Tertiary Period and Mesozoic Era sedimentary and intrusive igneous rocks.  23 
Both Regions transition into the Columbia Basin physiographic province near their eastern 24 
boundaries where topographic relief decreases.  Non-glacial Quaternary Period sediments 25 
and rocks of the Columbia River Basalt Group dominate the geology of the Columbia 26 
Basin. 27 

Climatic differences between the analysis regions of western Washington described earlier 28 
and those of eastern Washington have produced substantial differences in soils.  The 29 
Middle and Upper Columbia (downstream of Grand Coulee Dam) Regions lie in the rain 30 
shadow of the Cascades and the low precipitation levels limit soil profile development and 31 
forest productivity (Washington DNR 1996). 32 

Areas closer to the eastern edges of the analysis regions have the lowest levels of soil 33 
development and potential productivity because they have the lowest average annual 34 
precipitation.  Areas in the western portions of the analysis regions tend to have greater soil 35 
development and higher productivity than in the eastern portions because of their higher 36 
average annual precipitation.  However, productivity is limited at higher elevations due to 37 
the shorter growing season (Washington DNR 1996). 38 
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3.4.1.4 Upper Columbia (Upstream of Grand Coulee Dam) Region 1 
The Upper Columbia (upstream of Grand Coulee Dam) Region roughly coincides with the 2 
Okanogan Highlands physiographic province as defined by Lasmanis (1991).  The Region 3 
is characterized by rounded mountains and deep, narrow valleys.  The eastern half of the 4 
Region contains the oldest rocks in the State.  Dominant geologic units include Paleozoic 5 
Era and Precambrian sedimentary rocks and Mesozoic Era intrusive igneous rocks.  The 6 
western half of the Region was formed by offshore deposition of sediments and volcanic 7 
rocks west of the continental margin during the Lower Tertiary Period, Glacial ice covered 8 
the Region during the Quaternary Period, reshaping the landscape and forming lakes in the 9 
Columbia and Pend Oreille River valleys. 10 

Soil productivity in the Upper Columbia (upstream of Grand Coulee Dam) Region is tied 11 
closely to annual precipitation.  The areas with higher annual precipitation generally have 12 
deeper, more productive soils than drier areas. 13 

3.4.1.5 Snake River Region 14 
The Snake River Region includes the entire Blue Mountains physiographic province and 15 
part of the Columbia Basin province as defined by Lasmanis (1991).  The Blue Mountains 16 
are characterized by a broad geologic uplift reaching elevations of more than 6,000 feet 17 
above sea level.  Rocks of the Columbia River Basalt Group dominate the Region’s 18 
geology.  Quaternary sediments derived largely from glacial outburst floods and eolian 19 
deposits are common at lower elevations in the Columbia Basin province. 20 

Many soils in the Blue Mountains have developed from wind-deposited sediments known 21 
as loess.  These soils tend to be fine-textured and moderately productive.  Soil productivity 22 
is somewhat influenced by topography, with soils on steeper slopes tending to be more 23 
shallow and less productive than soils on gentler terrain. 24 

3.4.2 Erosion 25 
Erosion is the detachment and movement of soil particles either individually, in small 26 
aggregates, or in large masses (Brooks et al. 1991).  The two dominant processes of 27 
erosion on forestlands are surface erosion and mass wasting.  Surface erosion is the 28 
detachment and subsequent removal of soil particles and small aggregates from land 29 
surfaces by wind or water.  Mass wasting includes erosion in which cohesive masses of 30 
soil are displaced.  Debris avalanches, debris flows, and debris torrents are mass wasting 31 
processes that transport material rapidly.  Debris avalanches are shallow, rapid landslides 32 
on steep hillslopes (Chatwin et al. 1991).  If enough water is present, debris avalanches 33 
become debris flows that rapidly transport soil, rocks, and organic material directly to the 34 
valley floor and occasionally to stream channels (Chatwin et al. 1991).  Where debris 35 
avalanches and debris flows reach steep stream channels during peak flow periods, debris 36 
torrents occur, involving the rapid movement of large volumes of water-charged soil, rock, 37 
and debris (Chatwin et al. 1991).  Rates of movement are very high (feet/second) and 38 
damage can be extensive.  Another class of mass wasting processes includes deep-seated 39 
landslides that, unlike debris avalanches, debris flows, and debris torrents, tend to have 40 
failure planes greater than 10 feet below the ground surface.  Also, deep-seated landslides 41 
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generally have slower rates of movement (i.e., feet/year to feet/day) although rapid 1 
movement (i.e., feet/minute to feet/second) is possible.  Under natural conditions, mass 2 
wasting is the more common form of erosion on forestlands in the Pacific Northwest, 3 
particularly in steep terrain (Sidle et al. 1985). 4 

Dam break floods occur when water impounded behind material such as woody debris 5 
and/or coarse sediment breaks through the “dam” releasing a large discharge of water 6 
through the channel.  These events can release sediment, scour and temporarily change 7 
channel morphology. 8 

The relative importance of different erosion processes on covered lands within the various 9 
analysis regions is summarized below.  This information largely reflects findings of the 10 
approximately 60 watershed analyses completed in Washington since 1993. 11 

3.4.2.1 Erosion Processes on Covered Lands 12 
North Puget, South Puget, West Puget, Olympic, and Islands Regions 13 
Mass wasting is the dominant form of erosion in these glaciated regions (Washington DNR 14 
1993, 1994a, 1995a, and 1996b).  Steep, mountainous terrain combined with high 15 
precipitation levels produces high rates of mass wasting.  Debris avalanches, debris flows, 16 
debris torrents, and dam-break floods are common in most regions (the exception being the 17 
Islands Region) and are most often associated with large magnitude rain or rain-on-snow 18 
events that occur during the fall and winter months (Washington DNR 1998a).  Debris 19 
torrents and dam-break floods are usually associated with high-gradient, confined 20 
headwater streams and may translate downstream for several miles (Coho and Burgess 21 
1991).  Deep-seated landslides are fairly common and occur most frequently in areas of 22 
structurally weak bedrock or glacial lake deposits (Washington DNR 1998b).  Even though 23 
many soils are shallow, high organic matter contents generally produce high infiltration 24 
capacities, so surface erosion is limited to disturbed and/or compacted soils. 25 

Southwest and Lower Columbia Regions 26 
The Southwest and Lower Columbia Regions are similar to those described above in that 27 
mass wasting is the dominant form of erosion (Washington DNR 1994b, 1995b, and 28 
1998c).  While topographic relief is low relative to the more heavily glaciated regions to 29 
the north, steep slopes and high precipitation levels produce high rates of mass wasting.  30 
Debris avalanches and debris flows are very common; however, short slope lengths and 31 
low channel gradients make debris torrents and dam-break floods less common.  High 32 
frequencies of deep-seated landslides occur in certain geologic units (Washington DNR 33 
1998c).  Soils generally have high infiltration capacities, so surface erosion is limited to 34 
disturbed and compacted soils. 35 

Middle and Upper Columbia and Snake River Regions 36 
The lower annual precipitation and more moderate topography east of the Cascade crest 37 
generally results in a lower incidence of mass wasting than on the westside; however, 38 
debris avalanches, debris flows, debris torrents, and dam-break floods all occur to varying 39 
degrees.  On the east slopes of the Cascade Range and in the Columbia River Gorge, these 40 
mass wasting processes are usually driven by rain or rain-on-snow events during the fall 41 
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and winter months (Washington DNR 1998d, 1998e).  In the Okanogan Highlands of 1 
northeastern Washington, rapid spring snowmelt and spring thunderstorms typically 2 
initiate mass wasting (Personal Communication, Jack Powell, Washington DNR, March 3 
2004).  Deep-seated landslides are most often associated with interbeds of sediments 4 
between basalt flows of the Columbia River Basalt Group throughout eastern Washington 5 
and glacial lake sediments in the northeastern part of the State (Personal Communication, 6 
Jack Powell, Washington DNR, March 2004).  Many soils have low organic matter 7 
contents, making infiltration capacities low relative to soils in western Washington.  Also, 8 
relatively low annual precipitation makes vegetation recovery slower than in western 9 
Washington.  Relatively low infiltration capacities and longer revegetation periods make 10 
surface erosion fairly common, particularly in areas with disturbed and compacted soils 11 
(Washington DNR 1995c, 1997d).   12 

3.4.2.2 Forest Practices Effects on Erosion and Sedimentation 13 
Forest practices such as timber harvesting and road construction have the potential to 14 
accelerate the rate of erosion by disturbing soils, reducing infiltration and increasing 15 
surface runoff (Swanson et al. 1987).  Accelerated rates of erosion can lead to increased 16 
sediment delivery to channel networks where it can negatively affect aquatic resources.  17 
Increased sediment supply to streams can reduce the quantity and quality of habitat for 18 
aquatic organisms such as fish, amphibians, and macroinvertebrates (Bisson et al. 1987).  19 
The following discussion provides an overview of various forest practices activities and 20 
their effects on erosion, sediment delivery, and aquatic resources. 21 

Road-Related Surface Erosion 22 
Road-related surface erosion is a function of the intensity of road use; road surfacing 23 
materials, construction, and maintenance types; the intensity and amount of precipitation; 24 
and other factors (Reid and Dunne 1984; Megahan and Kidd 1972).  Road construction, 25 
use, maintenance, abandonment, and drainage all play important roles in the production 26 
and delivery of sediment to streams, ponds, lakes, wetlands, and marine areas.  Surface 27 
erosion from roads tends to be a chronic source of fine sediment to the drainage network.  28 
Chronic sources of fine sediment can adversely impact the physical habitat of the aquatic 29 
system and certain life stages of fish, aquatic insects and amphibians, and also degrade 30 
water quality.   31 

Road density can be used to help understand the potential for impacts from road surface 32 
erosion, drainage, and sediment delivery to streams.  As mentioned earlier, many factors 33 
affect the degree of impact to aquatic resources from roads, and there can be a greater 34 
possibility of adverse impacts as road density in a watershed increases.  However, the body 35 
of research on this subject indicates the relationship between the degree of impacts to 36 
aquatic resources and road density is not simple and linear.  Nonetheless, road density may 37 
be used as an indicator variable.  Road densities were estimated within the FPHCP covered 38 
lands for the 12 analysis regions.  DEIS Appendix D, Table D.1 shows the average road 39 
density by region and by WRIA, as well as the overall average road density for covered 40 
lands.  Estimated average road density in the 12 regions ranged from 2.5 to 4.9 miles of 41 
road per square mile of covered lands with an overall average road density of 3.4 miles per 42 
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square mile.  A description of the process to estimate road density is included with DEIS 1 
Appendix D, Table D.1. 2 

Studies of the hydrologic impacts of forest roads indicate that the dominant source of road 3 
runoff is intercepted subsurface storm water flow, where permeable soil intercepts 4 
relatively impermeable bedrock (LaMarche and Lettenmaier 2001; Bowling and 5 
Lettenmaier 2001).  Sediment delivery from road surfaces to streams is dependent on 6 
connectivity between streams and road surfaces.  Adequate road construction, 7 
maintenance, and abandonment would accommodate most storm events, minimize road 8 
erosion by traffic and precipitation events, and minimize delivery of road surface sediment 9 
to the stream network. 10 

Currently, Road Maintenance and Abandonment Plans (RMAPs) are required for large 11 
landowners subject to the Washington Forest Practices Rules.  The total road mileage 12 
accounted for under RMAPs as of March 2004 is approximately 40,000 miles. 13 
Approximately 11,000 miles of those are in eastern Washington, and 29,000 miles are in 14 
western Washington.  Under current rules, large landowners must have all of their roads 15 
under approved RMAPs by 2006.  Small landowners, other than 20-acre exempt 16 
landowners, have the option to submit an RMAP checklist or RMAP when they submit a 17 
forest practices application.  The small landowner RMAP checklist submitted with the 18 
forest practices application must cover the haul roads being used under the forest practices 19 
application and does not have to cover other roads the landowners may own.  The 20-acre 20 
exempt landowner does not have to submit an RMAP or RMAP checklist.  Correction of 21 
all road problems for large landowners must occur by 2016.  Correction of road problems 22 
for small landowners generally occurs at the time a landowner files a forest practices 23 
application that includes a road-related problem, and the Washington Forest Practices 24 
Rules require them to maintain roads used for timber hauling in a condition that prevents 25 
damage to public resources.  Quantification of the risks of road-related sediment 26 
production and delivery to streams is not completed.  However, an adaptive management 27 
research and effectiveness monitoring study is under development to evaluate road 28 
sedimentation under the current Washington Forest Practices Rules.    29 

Road-Related Mass Wasting 30 
Debris avalanches, debris flows, and debris torrents are episodic sources of fine and coarse 31 
sediment to the aquatic system.  These erosion processes can be greatly accelerated by road 32 
management practices.  Many studies have shown that on a unit area basis, roads have the 33 
greatest effect on mass wasting of all activities on forestlands (Sidle et al. 1985).  34 
However, some research suggests that harvest-related mass wasting occurs with 35 
approximately the same frequency as road-related landslides (Montgomery et al. 1998).  36 
Road location, drainage, design, construction, and maintenance are all-important factors in 37 
effective road design, but can be contributing factors to road-related failure.  New road 38 
construction and engineering design has reduced road-related mass wasting relative to 39 
roads constructed more than 15 to 20 years ago (Toth 1991; Robison et al. 1999). 40 
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Orphan Roads 1 
Orphan roads are roads constructed prior to 1974 that have not been used for forest 2 
practices since that time (WAC 222-24-052*(4)).  Such roads are typically not maintained, 3 
and many were constructed without a requirement to consider public resource and channel 4 
impacts.  The mileage of orphan roads in Washington is unknown; however, the associated 5 
hazards have been identified.  The concern with orphan roads is the lack of knowledge 6 
about their location and potential for failure and initiation of debris avalanches, debris 7 
flows, and debris torrents.  Large landowners are inventorying and assessing their orphan 8 
roads and showing the orphan roads’ locations in their RMAPs.  The goal of the orphan 9 
roads inventory is to locate the roads and assess the condition of the roads to determine 10 
what work needs to be done to protect resources from orphan road failures and how the 11 
cost of that work might be funded.   12 

Harvest-Related Surface Erosion  13 
Surface erosion is dependent on many variables.  The primary variables are slope, soil 14 
texture, and vegetation cover (Benda et al. 1998).  15 

Harvest activities such as ground skidding or cable yarding can cause some degree of soil 16 
disturbance.  Typically, ground-based systems compact and disturb more soils than non-17 
ground-based harvest systems (Graham et al. 1991).  The harvest systems most likely to 18 
cause greater levels of disturbance (from greatest to lowest) are ground-based systems, 19 
cable yarding, and aerial systems (Beschta and Boyle et al. 1995).  Clearcuts tend to create 20 
the greatest area of soil disturbance (Hermann 1978); however, disturbance from felling, 21 
yarding, and skid trails in partial cuts can also cause ground disturbance and compaction.  22 
Cromack et al. (1978) found levels of soil disturbance in clearcut and partial cut areas to be 23 
comparable because of the need for equivalent access through a harvest unit. 24 

Streamside buffers can substantially reduce fine sediment that is transported overland 25 
(Rashin et al. 1999).  The capacity of riparian buffers to control sediment inputs from 26 
surface erosion depends on several site characteristics including the presence of vegetation 27 
or organic litter, slope, soil type, and drainage characteristics.  Additionally, the filtering 28 
capacity is affected by timber harvest activities within the buffer.  Although soil 29 
disturbance generally increases the sediment delivery potential, the addition of obstructions 30 
on the forest floor from tree limbs and boles (limb-free trunks) associated with partial 31 
logging can offset diminished filtration (Burroughs and King 1989; Benoit 1979).  These 32 
factors influence the ability of buffers to trap sediment by controlling the infiltration rate of 33 
water and the velocity of overland flow. 34 

Riparian protection measures should also include practices for minimizing sediment 35 
contributions from outside the riparian area.  Timber harvest activities can disturb the 36 
upper soil layers, exposing the subsoil to erosion.  A study of sediment delivery from 37 
timber harvest was conducted by Rashin et al. (1999) between 1992 and 1995, prior to the 38 
current Washington Forest Practices Rules.  This study evaluated specific harvest practices 39 
on State and private lands across Washington.  Harvest sites were evaluated for soil 40 
exposed and sediment delivered, and was categorized by a number of parameters, including 41 
harvest method and distance from streams.  They found that in areas where there were no 42 
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buffers, best management practices (BMPs) for timber harvest were not effective in 1 
preventing soil disturbance or preventing sediment from reaching streams.  They also 2 
found that no-harvest buffers at least 30 feet wide were effective in filtering sediment, 3 
although they caution use of these results because of low precipitation and storm events 4 
during the study period. 5 

Harvest-Related Mass Wasting 6 
Debris Avalanches and Debris Flows 7 
Debris avalanches and debris flows are the most common types of landslides in steep 8 
forestlands.  Still, only 2 percent of the landscape is affected at any given time (Ketcheson 9 
and Froelich 1978; Ice 1985).  Debris avalanches and debris flows are typically initiated by 10 
high magnitude rain or rain-on-snow events during the fall and winter months (Swanson et 11 
al. 1987).  Sidle et al. (1985) summarized several studies (Swanston 1970, 1974; 12 
O’Loughlin 1974; Ziemer and Swanston 1977; Burroughs and Thomas 1977; Gray and 13 
Megahan 1981; Ziemer 1981) indicating that slope stability depends partly on 14 
reinforcement from tree roots, especially when soils are partly or completely saturated.  15 
Clearcut timber harvesting on unstable slopes or landforms decreases rooting strength, 16 
increasing the potential frequency and magnitude of debris avalanches and debris flows 17 
(Ziemer and Swanston 1977; Wu and McKinnell III 1978). 18 

Debris Torrents 19 
Debris avalanches and debris flows can turn into debris torrents.  Debris torrents usually 20 
transport more material than the initiating event, due to scouring action on the slope or in 21 
the channel.  Debris torrents stop moving when the channel gradient decreases 22 
substantially or when the torrent encounters a sharp bend in the channel.  Debris torrents 23 
contain substantial amounts of wood and can travel varying distances, which can result in 24 
variable degrees of impact depending upon channel gradient, confinement, layout of the 25 
channel network, and other characteristics (Fannin and Rollerson 1993).  Debris torrents 26 
can have long-lasting effects on stream channels.  The channel location and cross-section 27 
can be radically altered in such a way that normal flows and normal peak flows cannot 28 
reconfigure the channel easily (Lamberti et al. 1991).  This is important because even 29 
though mass wasting in general may affect only 1 percent of a watershed, debris torrents 30 
can affect up to 10 percent of the stream system because of their mobility (Swanson et al. 31 
1987).  These channel alterations from debris torrents, however, are not always negative.  32 
For example, Benda et al. (2003) found that channel morphology and habitat complexity 33 
(e.g., pool density, substrate texture, and channel widths) increased in proximity to low-34 
order (See Glossary) tributary confluences prone to debris flows.  In addition to having 35 
impacts on the stream channel, debris torrents can also affect riparian buffer functions and 36 
streamside forests when bank scour is so great that streamside vegetation is removed.  37 

Streambank Stability 38 
The roots of riparian vegetation help bind soil together, making soils more resistant to 39 
erosion and slope failure (Wu and Sidle 1995).  The stability of streambanks is largely 40 
determined by the size, type and cohesion of bank material, vegetation cover, and the 41 
amount of bedload carried by the channel (Sullivan et al. 1987).  Riparian vegetation can 42 
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also provide hydraulic roughness elements that dissipate stream energy during high or 1 
overbank flows, which further reduces bank erosion.  In most cases, vegetation 2 
immediately adjacent to a stream channel is most important in maintaining bank integrity 3 
(FEMAT 1993); however, in wide valleys with migrating channels, floodplain vegetation 4 
may be important in minimizing bank erosion over longer time periods.  5 

3.4.2.3 History of Forest Practices Affecting Erosion and Sedimentation 6 
Prior to the adoption of the Washington Forest Practices Act in 1974, there were few rules 7 
or regulations that governed timber management activities on State and private forestlands.  8 
During the early years of logging in the Pacific Northwest, stream and river channels were 9 
used to move logs downstream to accumulation sites.  Most streams of sufficient size in 10 
western Oregon and Washington were cleared of obstructions for log drives during high 11 
water (Sedell et al. 1991).  On streams too small for log drives, splash dams of stacked log 12 
cribs were used to raise a head of water for sluicing (transporting with water) logs (Sedell 13 
and Luchessa 1982).  By about 1900, more than 300 major splash dams and many 14 
undocumented small dams operated in Oregon and Washington.   15 

During the first part of the 20th century, railroads were constructed along large channels, 16 
and logs were yarded down the small tributaries to the rail bed.  In this way, impacts 17 
extended to headwater channels.  Whole watersheds were logged as convenience, 18 
beginning in the lower watershed and progressing upstream until all valuable timber was 19 
extracted.  Logs were yarded downhill, moving debris and sediment into stream channels.  20 
Streams were protected from being used for yarding beginning in the 1950s, but clearcut 21 
harvesting to the streambank was commonplace until the adoption of the Forest Practices 22 
Act in 1974. 23 

The construction of an extensive network of logging roads began with the advent of the log 24 
truck.  Beginning in the 1930s and continuing through the 1970s, many roads were 25 
constructed across unstable slopes with little regard for mass wasting potential.  Operators 26 
typically employed cut-and-fill construction techniques that involved sidecasting of excess 27 
fill material.  Such approaches resulted in the construction of hundreds of miles of unstable 28 
roads throughout Washington.  Once constructed, few roads were properly maintained to 29 
minimize surface erosion and mass wasting. 30 

Like logging road construction, early timber harvest operations were conducted without 31 
consideration of impacts to unstable slopes.  In addition, the development of road networks 32 
beginning in the 1950s allowed harvesting to occur in many areas that were formerly 33 
inaccessible by rail.  Clearcut harvesting of unstable landforms increased the rate of 34 
management-related mass wasting in many areas prior to adoption of Washington Forest 35 
Practices Rules protecting unstable slopes in 1987. 36 

The Forest Practices Act of 1974 was the first comprehensive law aimed at minimizing the 37 
effects of forest practices on aquatic resources in Washington.  The Act established the 38 
State’s Forest Practices Board and directed the agency to adopt operating standards and 39 
rules for activities on State and private forestlands.  These first rules focused on 40 
minimizing sediment delivery and controlling stream temperature increases by requiring 41 
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the retention of riparian buffers along large streams.  In 1987, buffer requirements were 1 
expanded in light of new information related to the importance of instream large woody 2 
debris (LWD).  The 1987 rules also granted the Washington DNR regulatory authority 3 
over operations on unstable slopes and formally recognized the collaborative Timber, Fish, 4 
and Wildlife (TFW) forum as the preferred approach to solving forest resource 5 
management problems.  Washington Forest Practices Rules related to aquatic resources 6 
were again revised in 1992 when the Forest Practices Board endorsed Watershed Analysis 7 
as a way of addressing cumulative watershed effects involving sediment, water, woody 8 
debris, temperature, and hydrology. 9 

The most recent revision of Washington Forest Practices Rules occurred in 2001 when the 10 
Forest Practices Board adopted sweeping changes based on the 1999 Forests and Fish 11 
Report (FFR) as the current Washington Forest Practices Rules.  Compared to the 1974 12 
rules, the current Washington Forests Practices Rules include several mechanisms to 13 
further reduce sediment-related impacts to aquatic resources.  These mechanisms include: 14 
1) better screening and identification of unstable slopes and landforms during the forest 15 
practices application review process, 2) more rigorous review of operations proposed on 16 
unstable slopes and landforms (including review under the State Environmental Policy 17 
Act), 3) expanded buffer requirements for fish-bearing waters, 4) Equipment Limitation 18 
Zones adjacent to non-fish-bearing waters to minimize soil disturbance and sediment 19 
delivery, and 5) increased road maintenance and abandonment planning and 20 
implementation requirements. 21 

Many of the sediment minimization prescriptions in the current Washington Forest 22 
Practices Rules arose from information learned through watershed analyses conducted 23 
across the State beginning in 1992.  More than 60 watershed analyses have been conducted 24 
in Washington; however, the majority of watersheds in the State have not undergone 25 
analysis, partially because the current Washington Forest Practices Rules were derived 26 
from effective Watershed Analysis prescriptions.  Once the Washington Forest Practices 27 
Rules were adopted, the need for new watershed analyses decreased.  Nevertheless, two 28 
modules within Watershed Analysis, mass wasting and surface erosion, provided 29 
substantial landscape-scale data related to forest practices effects on landslide processes 30 
and road and hillslope erosion.  These data were gathered from more than 60 different 31 
Watershed Administrative Units that include over 3,000 square miles of forestland.  32 
Additional information related to the effectiveness of forestry BMPs in controlling 33 
sediment delivery came from Rashin et al. (1999).  In the study, the authors evaluated 34 
timber harvesting, road construction, and road maintenance practices in light of water 35 
quality standards.  The report included recommendations for improvement where practices 36 
were determined to be ineffective. 37 

Current Washington Forest Practices Rules intended to reduce erosion and sedimentation 38 
will be evaluated through adaptive management.  Under the rules, monitoring projects are 39 
currently being developed that will evaluate the effectiveness of unstable slopes protection 40 
measures and implementation of RMAPs.  In addition, two adaptive management projects 41 
are already underway to identify and improve the detection of unstable slopes and 42 
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landforms (i.e., the Regional Landform Identification Project and the Landslide Hazard 1 
Zonation Project) (CMER 2004b). 2 

Under current Washington Forest Practices Rules, when harvest is proposed on potentially 3 
unstable slopes, one of three outcomes usually occurs (Personal Communication, Jeff 4 
Grizzel, Washington DNR, April 7, 2004).  If the landowner recognizes he/she is 5 
proposing harvest or construction on an unstable slope or landform before submitting the 6 
forest practices application, then he/she hires a qualified (licensed) individual, as defined in 7 
the Washington Forest Practices Rules, who conducts the assessment and writes a report.  8 
The report is then submitted with the forest practices application.  The report must include 9 
an analysis of the risks and any mitigation involving the potentially unstable slope or 10 
landform.  Once the Washington DNR confirms the proposal includes harvest or 11 
construction on an unstable slope/landform through field review, the forest practices 12 
application is classified as Class IV-Special.  If a landowner does not recognize he/she is 13 
proposing harvest or construction on an unstable slope or landform and submits the forest 14 
practices application to the Washington DNR, then the Washington DNR initially classifies 15 
the forest practices application as a Class II or III.  16 

The Washington DNR screens the forest practices application for unstable slope presence 17 
using GIS-based screening tools.  The Washington DNR forest practices forester relies on 18 
his/her personal knowledge of the project area along with the results of the GIS-screen to 19 
assess the need for field review.  If a field review is conducted and the forester discovers an 20 
unstable slope/landform, the forest practices application is disapproved, reclassified as a 21 
Class IV-Special, and is sent back to the landowner letting him/her know that the forest 22 
practices application would be a Class IV-Special if it is resubmitted without modification.  23 
The Washington DNR also explains that a qualified (licensed) individual is required to 24 
conduct a geotechnical assessment before resubmitting the forest practices application.  In 25 
some instances in this second scenario, the landowner will modify his/her proposal so the 26 
operation avoids the unstable slope/landform, thereby eliminating the need for the 27 
geotechnical assessment.  For landowners, especially small landowners, the need to have a 28 
geotechnical assessment and potentially design mitigation is generally a disincentive to 29 
harvest on unstable landforms and potentially unstable slopes. 30 

Therefore, the current Washington Forest Practices Rules provide a means for identifying 31 
unstable landforms and potentially unstable slopes, and mitigating for those effects.  The 32 
process of identification may lead to elimination of potentially unstable areas from the 33 
proposed harvest.  In addition, the process of identification of unstable landforms and 34 
potentially unstable slopes can be refined over time under adaptive management to be more 35 
efficient and certain. 36 

 37 
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3.5 WATER RESOURCES 1 
Wet Pacific weather systems combined with the rain shadow effect produced by the Cascade 2 
Mountains, produce heavy rains on the western slopes of the Cascades and drier conditions 3 
east of the Cascades.  As a result, a myriad of surface water conditions occur in Washington 4 
State.  Literally all forested lands in Washington have distinct surface water features, 5 
ranging from small, intermittent streams to the very large Columbia and Snake Rivers.  Most 6 
of these rivers and streams support complex aquatic ecosystems, including stocks of 7 
endangered Pacific salmon and numerous other aquatic communities.  Many of the major 8 
rivers and streams on the westside of the Cascades and the eastside of the Olympics drain 9 
into Puget Sound, a complex and valuable marine resource to Washington State.  10 

This section is divided into three subsections:  Surface Water Quality (subsection 3.5.1), 11 
Surface Water Quantity (subsection 3.5.2), and Groundwater Quantity and Quality 12 
(subsection 3.5.3).  Specific information related to water resources by analysis region can 13 
be found in DEIS Appendix A.   14 

3.5.1 Surface Water Quality 15 
3.5.1.1 Introduction 16 
Water quality is measured by many parameters.  The physical properties and chemical 17 
constituents of water serve as the primary means for monitoring and evaluating water 18 
quality.  Forest practices have the greatest potential effect on the following water 19 
parameters:  1) stream water temperature, 2) sediment-related water quality parameters 20 
such as turbidity, 3) dissolved oxygen, 4) pesticides/herbicides, and 5) nutrients.  The 21 
Washington Forest Practices Rules must comply with the Clean Water Act to meet State 22 
water quality standards for surface waters and groundwater.  Moreover, they must provide 23 
for adequate water quality protection for fish and wildlife habitat.  This subsection briefly 24 
describes the issue of water quality and the current water quality status of lands subject to 25 
Washington Forest Practices Rules.   26 

3.5.1.2 Water Quality Parameters for Surface Waters 27 
Temperature 28 
Stream temperature is influenced by many factors including latitude, altitude, season, time 29 
of day, flow, channel width and depth, groundwater flow, stream shading from topography 30 
or vegetation, and coastal fog (MacDonald et al. 1991).  Temperature plays an integral role 31 
in the biological productivity of streams.  Aquatic life can be very sensitive to water 32 
temperature fluctuations.  Because salmonids and some amphibians are sensitive to water 33 
temperatures, they are often used as indicator species regarding water temperature and 34 
water quality.  Salmonid temperature requirements can vary by species and life stage 35 
(Bjornn and Reiser 1991; Hicks 2002; Environmental Protection Agency 2003).  However, 36 
in general, juvenile salmon and trout may be susceptible to sublethal adverse effects when 37 
the average stream temperature is above about 59°F (15°C) (Hicks 2002).  Bull trout, 38 
especially juveniles, may be susceptible when average temperatures are greater than about 39 
50°F (10°C).  The upper lethal temperature for salmonids common in the Pacific 40 
Northwest ranges from 73 to 79°F (23 to 26°C) (Bjornn and Reiser 1991).  The preferred 41 
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range for most salmon and trout is 54 to 57°F (12 to 14°C) (Bjornn and Reiser 1991).  1 
However, available information suggests that optimal temperatures for bull trout juvenile 2 
growth and rearing are below 59°F (15°C) and probably closer to 50 to 54°F (10 to 12°C) 3 
(Buchannan and Gregory 1997; Oregon Department of Environmental Quality 1995). 4 

Stream water temperature is regulated by heat exchange between the stream water and the 5 
aerial and subsurface conditions.  Heat energy is transferred to and from streams by direct 6 
solar radiation (short wave), long-wave radiation, convective mixing with air, evaporation, 7 
conduction with the streambed, and advective mixing with inflow from groundwater or 8 
tributary streams (Beschta et al. 1987; Sullivan et al. 1990).  Streams exhibit a natural 9 
warming trend as water flows from headwaters to the sea (Sullivan et al. 1990).  However, 10 
changes in environmental conditions along a reach can modify temperatures beyond the 11 
normal trend (Johnson and Jones 2000).  In small- to intermediate-size streams of forested 12 
regions, incoming solar radiation represents the dominant form of energy input to streams 13 
during the summer, with convection, conduction, evaporation, and advection playing 14 
relatively minor roles (Brown 1980; Beschta et al. 1987; Sullivan et al. 1990).  In larger 15 
streams, the effects of riparian shading and advective mixing diminish and, as a result, 16 
evaporative heat-loss processes increase.  In small streams, groundwater discharge may 17 
also be important where it provides a large percentage of the overall discharge, particularly 18 
in the summer months during low flows. 19 

Brosofske et al. (1997) suggested that groundwater and stream temperatures could increase 20 
due to heating of upslope soils in clearcuts.  In their study, stream temperatures were 21 
correlated with shallow (4 inches) upslope soil temperatures.  However, the Brosofske et 22 
al. (1997) study was focused on microclimate gradients in riparian zones rather than water 23 
heating and watershed hydrology; no measurements of interflow (horizontal movements of 24 
water above the water table) and groundwater temperatures were taken.  St-Hilaire et al. 25 
(2000) incorporated interflow in their mechanistic stream-heating model.  Their unverified 26 
modeling predictions suggested that less than a 1°F (0.4°C) increase would occur during a 27 
tropical (warm front) storm if 50 percent of the watershed was harvested.  Overall, the 28 
magnitude of effects of upslope clearcuts on stream temperatures, if any, is uncertain.  29 
More detailed information pertaining to water temperature concerns by analysis region is 30 
available in DEIS Appendix A. 31 

Sediment 32 
Two of the most common water quality parameters measured and monitored for sediment 33 
are suspended sediment and turbidity.  Both are related to sediment delivery and transport in 34 
hydrologic systems.  Streams that exceed water quality objectives for sediment would have 35 
high suspended-sediment delivery rates and/or turbidity.  Suspended sediment is the portion 36 
of the sediment load suspended in the water column.  The grain size of suspended sediment 37 
is usually less than 1 mm in diameter (Sullivan et al. 1987).  Turbidity refers to the amount 38 
of light scattered or absorbed by a fluid and is measured in nephelometric turbidity units 39 
(NTUs).  In streams, turbidity is usually a result of suspended particles of silts and clay, but 40 
also organic matter, colored organic compounds, plankton, and microorganisms.   41 
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Biological effects of increased turbidity may include a decrease in primary productivity of 1 
algae and periphyton due to the decrease in light penetration.  Declines in primary 2 
productivity can adversely affect the productivity of higher trophic levels such as 3 
macroinvertebrates and fish (Gregory et al. 1987).  Siltation and turbidity have also been 4 
shown to affect fish adversely at every stage in their life cycle (Iwamoto et al. 1978).  5 
Deposited sediments tend to have a greater impact on fish than suspended sediment; 6 
spawning and incubation habitats are most directly affected (Spence et al. 1996).  7 
However, suspended sediment can settle out of suspension in the water column and 8 
become part of the bedload (i.e., sediment carried along the bed of the stream).  DEIS 9 
Appendix A provides a summary of currently available information on sedimentation 10 
impacts by analysis region.  See also subsections 3.8.34.1 (Coarse Sediment) and 3.8.34.2 11 
(Fine Sediment) for a discussion of the attributes of sediment relative to the aquatic 12 
ecosystem. 13 

Dissolved Oxygen 14 
High water temperatures can contribute to low dissolved oxygen because warm water 15 
cannot hold as much oxygen in solution as cold water can.  Dissolved oxygen is often 16 
lower in surface waters that have a large percentage of their volume coming from poorly 17 
oxygenated groundwater, especially during summer low flows.  Excess nutrients, 18 
especially phosphorus, from sediments, fertilization or waste products, can stimulate algae 19 
and aquatic plant growth in surface water.  When dead plant material decays, and when 20 
plants are taking up oxygen at night, dissolved oxygen levels decline. 21 

Salmon (all life stages) and other aquatic life need sufficient levels of dissolved oxygen to 22 
survive.  As temperature increases, salmon metabolism increases and the demand for 23 
oxygen also increases.  For maintenance of the health of salmonids and many other aquatic 24 
organisms, levels of dissolved oxygen concentrations in the water should approach 25 
saturation (Deas and Orlob 1999).  Water with dissolved oxygen in the range of 8 to 9 26 
milligrams per liter is needed to ensure that the normal physiological functions of 27 
salmonids are not impaired (Spence et al. 1996). 28 

Pesticides  29 
Pesticides used in forest management include a wide variety of chemicals introduced to the 30 
forest environment with the intent of controlling or halting the proliferation of nuisance 31 
organisms.  Pesticides are commonly grouped according to one of three target organisms:  32 
plants (herbicides), insects (insecticides), and fungi (fungicides).  In general, pesticide 33 
application rates on forested lands are fairly infrequent, with roughly one to two 34 
applications every 40 to 60 years (Washington Department of Ecology 1993a).  The active 35 
ingredients usually determine the effects of individual pesticides.  In addition, prior to 36 
application, most pesticides are combined with a surfactant (i.e., a surface-active agent) or 37 
other adjuvant (i.e., a pharmacological agent added to increase or aid the pesticide’s effect) 38 
to control and improve the desired effect.  Although these additives typically present lesser 39 
threats to the environment than the active ingredients in the pesticides, their impacts can be 40 
important, and in some cases the impacts are greater than those associated with the active 41 
ingredients.   42 



 
 

 

 

Water Resources Final EIS 

 

Chapter 3  

3-42

 

Pesticides used in the forest environment can become water contaminants if they are 1 
transported to surface waters or groundwater.  Transportation to surface waters would most 2 
likely occur through wind drift; however, heavy rains can result in pesticide transport in 3 
stormwater runoff or through contaminated soil erosion.  Pesticides can also be directly 4 
applied to surface waters by overspray and spills.  Groundwater contamination can occur 5 
through contaminated surface water recharge and through the direct transport of pesticides 6 
from the soil surface by rainwater.  Most pesticides that have been detected in streams and 7 
groundwater are present at very low concentrations, usually well below regulatory drinking 8 
water criteria (U.S. Geological Survey 1996a, 1996b, 1996c, 1997b).  However, some 9 
pesticides have been detected at concentrations that exceed the more restrictive guidelines 10 
for the protection of aquatic life (freshwater chronic criteria) or health advisories for 11 
drinking water (U.S. Geological Survey 1996c; Washington Department of Ecology 12 
1993a).  Although studies focused specifically on forestry applications have found 13 
violations of applicable water quality standards resulting from chemical applications, these 14 
violations usually resulted from the lack of spray buffers or from applications over dry or 15 
ephemeral streams (Neary and Michael 1996; Washington Department of Ecology 1993a).  16 
Finally, although low levels of pesticide contamination in surface water and groundwater 17 
have been found throughout Washington State, the source of the contamination (e.g., forest 18 
applications, agriculture, urban activity) is difficult to identify and cannot be linked 19 
directly to forest applications, unless no other possible sources exist.   20 

Bortleson and Ebbert (2000) reported the occurrence of pesticides in streams and 21 
groundwater in the Puget Sound basin and found more detections and higher 22 
concentrations of distinct compounds in surface water samples during storms than in 23 
groundwater.  Groundwater concentrations of pesticides decreased with increasing depth of 24 
well, and compounds were linked to urban and agricultural land use.  None of their 25 
detections in groundwater exceeded water quality standards. 26 

Nutrients 27 
Inorganic nutrients commonly associated with forest practice activities, such as nitrogen or 28 
phosphorus, may show moderate increases following timber harvest although levels are 29 
typically limited to no more than 10 years following harvest (Hicks et al. 1991; Chamberlin 30 
et al. 1991).  Urea is a commonly used forest fertilizer in the Pacific Northwest and rapidly 31 
hydrolyzes to ammonium, which gradually oxidizes to nitrate.  The nitrate may leach out 32 
of the soil into streams (Binkley et al. 1999).  Water quality criteria for nitrogen are rarely 33 
exceeded, but the criteria are based on human health (nitrates) and fish toxicity (ammonia) 34 
rather than ecological disturbances (Anderson 2002).  Forest fertilizers, especially when 35 
combined with high water temperatures, have the potential to result in algal blooms 36 
(Chamberlin et al. 1991).  Algal response to additional nutrients could be greatest in 37 
downstream reaches (Anderson 2002).  Excessive algal growth can lead to high pH from 38 
photosynthesis (Erickson 1999) and to low oxygen from decay of dead algae (Roberts et al. 39 
2004).  High pH and low dissolved oxygen can be harmful to salmon (Bell 1991). 40 

3.5.1.3 Regulatory Background 41 
The Washington Forest Practices Rules must comply with the Clean Water Act to meet 42 
State water quality standards for surface waters and groundwater (Table 3-14).  Water 43 
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quality standards are set to provide for the protection of beneficial uses such as public 1 
water supplies, aquatic habitat, and recreation.  The Forest Practices Act of 1974 authorizes 2 
the adoption of regulations establishing water quality standards for forest practices, and 3 
ESHB 2091 (1999) changed Ecology’s role; the Forest Practices Board must now reach 4 
agreement with Ecology’s director (or designee) prior to adopting Washington Forest 5 
Practices Rules related to water quality protection.   6 

THE FOLLOWING TABLE REFLECTS PUBLIC COMMENTS ON THE DEIS 7 

Table 3-14. Washington State Water Quality Standards for the Major 8 
Non-Chemical Parameters of Concern.1/ 9 

Water 
Quality 

Parameter 

Washington State Standard 
Char Category  

Salmon and Trout Spawning, Core Rearing and 
Migration Category 

Washington State Standard  
Salmon and Trout Spawning, Non-Core 

Rearing and Migration Category 
Temperature Char:  Shall not exceed a 7-day avg. daily 

maximum of 12°C (or 9°C at the initiation of 
spawning and at fry emergence) due to human 
actions.   
Salmon and Trout Spawning, Core Rearing and 
Migration:  Shall not exceed a 7-day avg. daily 
max. of 16°C (or 13°C at the initiation of salmon 
spawning and at fry emergence) due to human 
actions.  When natural conditions exceed the 
criteria, human actions are not allowed to raise 
temperature by more than 0.3°C.  

Shall not exceed a 7-day avg. daily 
maximum of 17.5°C (or 13°C at the 
initiation of salmon spawning and at fry 
emergence) due to human actions.  When 
natural conditions exceed the criteria, human 
actions are not allowed to raise temperature 
by more than 0.3°C.     

Sediment Per WAC 173-201A-260 and WAC 173-201A-
510, BMPs shall be applied to protect water 
quality and to prevent an adverse affect on 
designated water uses.  BMPs are described in 
Forest Practices Board Manual Section 3, 
Guidelines for Forest Roads.   

Same as Char Category. 

Turbidity2/ Shall not exceed 5 NTU (nephelometric turbidity 
units) over background when the background level 
is 50 NTU or less, nor increase 10% or more when 
the background level is more than 50 NTU. 

Same as Char Category. 

Dissolved 
Oxygen 

Freshwater – DO shall not drop below 9.5 mg/L 
due to human actions.  When natural conditions 
are below 9.5 mg/L, human actions are not 
allowed to decrease DO by more than 0.2 mg/L. 

Freshwater – DO shall not drop below 8.0 
mg/L due to human actions.  When natural 
conditions are below 8.0 mg/L, human 
actions are not allowed to decrease DO by 
more than 0.2 mg/L. 

Antidegrada-
tion (All 
Parameters) 

Whenever waters are of a higher quality than the 
assigned criteria, actions reducing water quality 
shall not be allowed except as described in WAC 
173-201A-320(4). 

Same as Char Category. 

1/  The water quality standards in this table were adopted in 2003 and are awaiting approval by EPA. 
2/  Nephelometric turbidity units are the measurement units of turbidity using a nephelometer (light reflected by particles in suspension at a 

right angle to the original source). 
END OF NEW TABLE 10 
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3.5.1.4 Existing Water Quality 1 
The primary water quality problem on forestlands throughout the State is temperature, 2 
which also happens to be the most prominent water quality problem for the State’s water 3 
bodies (DEIS Appendix A).  There is no readily available specific information on the 4 
number of impaired water bodies on forestlands throughout the State.  Although Ecology 5 
has compiled 303(d) listings for the State, land use associated with impairments are not 6 
included with the information about water quality parameters in violation of State 7 
standards.  However, elevated water temperature generally occurs in areas where riparian 8 
vegetation has been removed or reduced, thereby reducing shade levels, which can affect 9 
water temperature.  Other problems include erosion from road building, construction, and 10 
agriculture, which increases sediment in streams.  Increased heat and sediment and reduced 11 
flow can also lower dissolved oxygen. 12 

Ecology has prepared a draft Water Quality Assessment of Washington’s Surface Waters 13 
(Washington Department of Ecology 2004).  One category of the list is “polluted waters 14 
that require a TMDL (Total Maximum Daily Load),” also known as the “303(d) list” after 15 
Section 303(d) of the Federal Clean Water Act.  As mentioned in Chapter 1 (Purpose and 16 
Need), a TMDL is the maximum amount of pollution or “pollutant load” that a water body 17 
can assimilate without violating water quality standards.  The draft 303(d) list includes 18 
over 700 freshwater segments that have been identified as impaired due to high 19 
temperature on over 400 streams statewide.  This is approximately a 30 percent increase 20 
over the number of segments listed for temperature in 1998, probably due to additional 21 
monitoring and reporting rather than an actual increase in the number of impaired waters 22 
(http://www.ecy.wa.gov/programs/wq/303d/2002/overview.html).  Some of these streams 23 
may be naturally elevated for temperature; however, that determination will not be made 24 
until a TMDL is developed for the stream.  Even with this additional monitoring, Ecology 25 
does not have data for the majority of streams in Washington.  Ecology’s 303(d) list also 26 
does not differentiate between land uses; therefore, it is difficult to determine how many of 27 
the listings are related to forest management and how many are a result of other land uses, 28 
such as urban development or agriculture, or due to natural conditions. 29 

For other parameters, there are over 200 freshwater segments listed for dissolved oxygen, 30 
and several listings each for turbidity and fine sediment.  These numbers are similar to the 31 
numbers of listings in 1998.  An analysis of 303(d) 1998 data for forested watersheds with 32 
greater than 5 percent State ownership or management indicated that dissolved oxygen and 33 
fine sediment impacted far fewer such watersheds than did temperature.  Many of the 34 
elevated values for dissolved oxygen can be linked to temperature effects (dissolved 35 
oxygen decreases with increasing temperature) (Washington Department of Ecology 2004). 36 

Segments impaired due to low instream flow are included in a separate category, “impaired 37 
by a non-pollutant,” and do not require TMDLs.  The effect of nutrient input on surface 38 
waters as a function of land use is illustrated by the findings of a U.S. Geological Survey 39 
study of nutrient transport (U.S. Geological Survey 2000).  This study reported that 40 
forested watersheds in the Puget Sound Region have much smaller yields of organic 41 
nitrogen and nutrients than do watersheds that are urbanized or have agricultural land uses, 42 
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due to higher inputs from these developed areas.  Phosphorous yields were not related to 1 
phosphorous inputs, however, because phosphorous adsorbs to soil particles. 2 

3.5.1.5 Water Quality Conditions by Analysis Region 3 
DEIS Appendix A provides a summary of physical conditions of streams within each 4 
analysis region.  Although causes of pollutants and impairments is unknown in many 5 
instances, common factors such as temperature, turbidity, and dissolved oxygen, as well as 6 
physical impairments to instream flow and fish habitat are commonly noted, to varying 7 
degrees, in all of the regions analyzed.   8 

A common factor for each analysis region is that past timber harvests generally have 9 
resulted in too little riparian vegetation being retained along streams (Kuttel 2001, 2002; 10 
Haring 2000; Correa 2002), thereby reducing down woody debris recruitment at least in 11 
the near-term, as well as shade, which can affect water temperature.  Temperature concerns 12 
caused by loss of streamside vegetation are the greatest for medium width streams as 13 
opposed to small or large streams.  This is because recovery from past harvests tends to be 14 
rapid in small stream channels, because small trees can provide adequate shade.  Similarly, 15 
temperature impacts from riparian harvest along large streams or rivers are less substantial, 16 
because even under natural conditions, large streams or rivers are typically only partially 17 
shaded by riparian trees.  However, trees do make a difference on large streams and rivers; 18 
thus, temperature recovery from riparian timber harvest takes longer on large streams 19 
(Washington State Conservation Commission 1999a).  Sullivan et al. (1990) found that a 20 
loss of riparian trees will increase water temperature where the open channel is less than 21 
108 feet (33 meters) wide.     22 

Another factor attributable to historic timber harvest on western Washington forestlands is 23 
that many riparian buffers have regenerated as hardwood-dominated stands (i.e., greater 24 
than 70 percent hardwoods) (Marshall and Assoc. 2000), with most of this being red alder.  25 
Because alder has a short life span (80 years), limited height (50 to 90 feet depending on 26 
soil and climate) and size potential, and lacks the foliage density of conifers, it is less 27 
effective in providing LWD or shading to wider channels.  Also, alder generally has less 28 
longevity as LWD in streams than coniferous LWD (Marshall and Assoc. 2000). 29 

3.5.2 Surface Water Quantity 30 
Three primary factors affect surface water quantity in forested watersheds: 31 

• Climate:  Precipitation amount and form (snow or rain) determine the rates of delivery 32 
of water to a watershed.  These processes are largely controlled by climate. 33 

• Vegetation:  Interception, condensation, evapotranspiration, and canopy snowmelt 34 
influence delivery of water to the forest floor.  These processes are controlled mainly 35 
by vegetation. 36 

• Transport Pathways:  Surface and subsurface pathways transport runoff from the forest 37 
floor to the streams.  These pathways are controlled by the interaction of condensation, 38 
precipitation, evapotranspiration, interception, snowmelt, and other physical and 39 
biological factors.  40 
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The hydrologic functions of a watershed are dependent upon these processes.  When these 1 
processes are individually or cumulatively altered by road construction, harvesting, or 2 
other forest practices, the hydrologic continuity of the watershed is altered (Montgomery 3 
1994; Rashin et al. 1999; USDA Forest Service 2001).  Three major areas of hydrologic 4 
concern-annual water yields, low flows, and peak flows-are discussed in this subsection.   5 

3.5.2.1 Areas of Concern–Surface Water Quantity 6 
Water Yield (Annual) 7 
Water yield is the amount of water that is transported from a watershed.  Various studies 8 
(Helvey 1980; Bosch and Hewlett 1982; Harr 1983; Kattlemann et al. 1983; Troendle 9 
1983; King and Tennyson 1984; Trimble and Weirich 1987; Keppeler and Ziemer 1990) 10 
have shown short-term increases in water yields following timber harvest.  However, the 11 
increase in water yield is usually beneficial to the aquatic system (unless it results in 12 
increased peak flows - see below) and will not be addressed further in this subsection.  13 
Although in general, forests act to lower average stream flows, forests may also reduce 14 
peak flows and increase flows during dry seasons.  This is because forested lands tend to 15 
have better infiltration capacity and a high capacity to retain water than nonforested lands 16 
(Jones and Grant 1996; Intergovernmental Panel on Climate Change 2003). 17 

Low Flows 18 
Low flows are often referred to as base flows, dry-weather flows, and groundwater flows.  19 
Low flows are the flows provided by groundwater to the streams during the lowest 20 
precipitation months of the year in the summer.  In western Oregon, increases in low flow 21 
are generally short-term (5 years) following clearcut timber harvest (Rothacher 1970; Harr 22 
et al. 1982).  In a northern California study, summer low flows were increased following 23 
selection harvest and then declined irregularly for 5 years until they were indistinguishable 24 
from low flows prior to harvest (Keppeler and Ziemer 1990).  Because an increase in low 25 
flows (i.e., more water in the stream) for summer months generally does not adversely 26 
affect aquatic life, it will not be discussed further.  Small volumetric increases may provide 27 
improved habitat conditions (lower stream temperature, increased instream wetted area and 28 
volume) and survivability of aquatic species. 29 

Peak Flows 30 
Peak flow is the maximum instantaneous discharge measured in stream channels during 31 
high flow periods.  Management activities can affect peak flows based upon their site-32 
specific effect, elevational location within a watershed, and proportion of basin forest that 33 
has been altered by timber-related activities, such as roads and timber harvest (Bauer and 34 
Mastin 1997).  Peak flows are addressed in greater detail throughout the remainder of this 35 
section. 36 

3.5.2.2 Existing Hydrologic Conditions 37 
For general perspective, Table 3-15 provides a breakdown of the number of stream miles in 38 
Washington by analysis region and ownership category.  The mileage of streams on all 39 
forestlands in the State, and on the forestlands potentially affected by the FPHCP are 40 
presented by analysis region in Table 3-16.  41 
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Table 3-15. Stream Miles by Analysis Region and Ownership in Washington State. 
 Federal1/ Tribal1/ State County City Private Total 

North Puget Sound  13,072 230 4,263 164 163 10,761 28,653 

South Puget Sound  3,004 121 1,486 81 983 8,157 13,832 

West Puget Sound  2,921 100 1,115 3 67 4,908 9,114 

Islands 47 - 98 5 4 855 1,009 

Olympic Coast 5,154 1,797 3,158 60 - 4,792 14,959 

Southwest  1,011 45 3,790 358 127 23,274 28,607 

Lower Columbia 7,846 0 3,819 32 - 17,948 29,645 

Middle Columbia 8,586 5,567 3,602 10 6 15,109 32,878 

Upper Columbia-
Downstream of Grand 
Coulee  

19,693 2,618 4,175 11 - 12,372 38,869 

Upper Columbia-Upstream 
of Grand Coulee  9,346 8,302 1,984 57 12 14,215 33,917 

Snake River 3,533 - 1,176 3 4 14,773 19,488 

Columbia Basin  1,787 - 1,065 - 1 11,304 14,157 

Total 76,000 18,779 29,732 783 1,367 138,467 265,129 
1/Note that stream miles on Federal and tribal ownership are likely underrepresented. 
 
Source:  Washington DNR GIS Hydrography layer, 2004, and Major Public Lands layer, 2004. 
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Table 3-16. Total and Forested Stream Miles and Stream Miles on Lands Subject to Washington Forest Practices Rules by 
Analysis Region in Washington State.  

Streams on Lands Subject to Washington Forest Practices Rules (FPRs) 

Analysis Region 
Total Stream 

Miles 

Forested 
Stream 
Miles 

FPR-Regulated Stream 
Miles Percent of Total (%) 

Percent of Forested 
(%) 

North Puget Sound  28,653  21,534  11,283  39 52 

South Puget Sound  13,832  11,039  8,535  62 77 

West Puget Sound  9,114  7,669  4,879  54 64 

Islands 1,009  549  497  49 91 

Olympic Coast 14,959  13,629  7,480  50 55 

Southwest  28,607  25,726  24,654  86 96 

Lower Columbia 29,645  25,407  18,647  63 73 

Middle Columbia 32,878  15,567  6,490  20 42 

Upper Columbia-Downstream of Grand Coulee  38,869  19,321  4,389  11 23 

Upper Columbia-Upstream of Grand Coulee  33,917  25,302  10,474  31 41 

Snake River 19,488  3,156  1,035  5 33 

Columbia Basin  14,157  73  70  <1 97 

Total 265,129  168,972  98,433  37 58 
Note: < = less than 

Sources:  Washington DNR GIS Hydrography GIS layer, 2004, and Major Public Lands GIS layer, 2004; U.S. Geological Survey National Land Cover Data GIS Layer, 2004. 



 
 
 
 
 
 

Final EIS Water Resources 

 

Chapter 3 

 

3-49

Based on the Washington DNR’s statewide stream mapping, the State has approximately 1 
265,000 miles of streams (Table 3-15).  This estimate, and all estimates in this paragraph, 2 
should be considered approximate since the State’s stream mapping has not been 3 
completed at a consistent level of detail across the State and in all land ownerships.  Based 4 
on this mapping, about 47 percent of the stream miles are in western Washington and 53 5 
percent are in eastern Washington.  Approximately 169,000 miles (or 64 percent) of the 6 
total stream miles are on forestlands; about 84 percent of the western Washington streams 7 
are on forestland compared to about 46 percent of the eastern Washington streams (Table 8 
3-16).  Approximately 98,000 (or 40 percent) of the total stream miles are on forestlands 9 
subject to Washington Forest Practices Rules; about 60 percent of the western Washington 10 
streams and 16 percent of the eastern Washington streams are on forestlands subject to 11 
Washington Forest Practices Rules (Table 3-16).  12 

3.5.2.3 Western Washington Peak Flows 13 
Western Washington (and much of eastern Washington) receives moderate to high 14 
precipitation and is influenced by rain-on-snow events.  The significance of rain-on-snow 15 
events is the increase in water delivered to the stream system during these events compared 16 
to rainfall alone.  When warm air and rain occur on areas with a snowpack, rapid melting 17 
of the snow can occur, resulting in a pulse of water into the drainage network.  Rain-on-18 
snow events can occur on mountain slopes in the transient snow zone, which extends from 19 
altitudes of approximately 1,000 feet to 3,000 feet above sea level (Harr 1986), but can 20 
shift upward or downward during any given storm due to varying meteorological 21 
conditions. 22 

Peak flow events associated with rain-on-snow can be of greater magnitude than rain-only 23 
events because the rainfall is augmented by snowmelt.  The direct effects of peak flows 24 
include stream channel alteration, bank erosion, redistribution of sediment and large 25 
organic debris, and flooding.  In addition to the direct effect of peak flows, rain-on-snow 26 
events generate large inputs of water to the soils and can generate unstable conditions on 27 
hillslopes by increasing the pore-water pressure, which decreases the strength of the soil 28 
(Sidle et al. 1985); a reduction in soil strength increases the potential for slope failure.   29 

3.5.2.4 Eastern Washington Peak Flows 30 
In eastern Washington, the buildup of snowpack over winter contributes to large amounts 31 
of spring runoff.  Rain-on-snow events are less common.  In forested areas east of the 32 
Cascades, snowmelt is the dominant mechanism for producing peak flows, most commonly 33 
in February to July depending upon location and elevation.  Snowpack depths are often 34 
greater in forest openings in eastern Washington forests, as conducted in similar studies 35 
(Kattlemann et al. 1983; Troendle 1983).  Peak flows are predominantly generated by 36 
snowmelt and may account for most of the 2- to 10-year peak flows.  The timing of 37 
snowmelt runoff is important for many eastern Washington watersheds because this runoff 38 
is vital for irrigation supplies and fish habitat. 39 
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3.5.2.5 Management Influences on Peak Flows 1 
Roads 2 
The design, construction, and maintenance of roads interact with watershed characteristics 3 
of soil, topography, and geology and natural disturbances (such as large storms) to 4 
determine the effects of roads on the hydrology of a particular watershed.  The interception 5 
of surface runoff during storms and interception of shallow groundwater flow by a road 6 
prism can affect the routing of surface water, extend the channel network (Wemple et al. 7 
1996), increase the potential for higher peak flows, and increase the potential for mass 8 
wasting (Montgomery 1994).  In a general sense, roads can act as extensions of the 9 
drainage network if the roads drain to streams.  Road-influenced peak flows have been 10 
demonstrated in small watersheds (Ziemer and Lisle 1998); however, the effects of roads 11 
on a river basin scale are less understood (Jones and Grant 1996; Beschta and Boyle et al. 12 
1995). 13 

The FFR (1999) set an objective to “maintain surface and groundwater hydrologic regimes 14 
(magnitude, frequency, timing, and routing of stream flows) by disconnecting road 15 
drainage from the stream network, preventing increases in peak flows from causing scour, 16 
and maintaining hydrologic continuity of wetlands.”  Two summaries of recent research 17 
studies on roads in forested areas demonstrate that roads can have significant effects on 18 
peak flows if roads are improperly constructed and if their drainage networks are allowed 19 
to become connected to the stream network through improper construction or inadequate 20 
maintenance or abandonment procedures (USDA Forest Service 2001; CMER 2004). 21 

CMER (2004) has issued a draft review of published literature that suggests that roads alter 22 
runoff processes by the production of overland flow, by interception of subsurface 23 
stormwater flow, and by piracy of streams by road ditches.  Road runoff may create 24 
additional channels in the stream network by incision (Montgomery 1994), potentially 25 
leading to adverse consequences for both hydrology and slope stability, depending on the 26 
road location. 27 

A road maintenance survey conducted by the Washington DNR (1999) indicated that in 36 28 
subbasins surveyed, the majority were out of compliance with road maintenance objectives 29 
for road surface drainage, ditch drainage, and water crossing structures.  The authors stated 30 
that the rules in effect on January 1, 1999 were “subjective and inadequate,” and 31 
recommended that outsloping or water dips would be the first priority in improving 32 
performance of road drainage on forest roads.  Based on recent research and modeling 33 
studies, the U.S. USDA Forest Service (2001) made the following recommendations on a 34 
national scale: that forest road locations should be carefully chosen based on a geologic 35 
study; that road design should minimize interception, diversion and concentration of water 36 
using outsloping and drainage structures; that crossings should be designed to pass all 37 
stream materials (including water, fish, debris and sediment); that design and removal of 38 
roads should take into account the sensitivity and orientation of the road; and that roads 39 
should be designed with failure in mind. 40 

Rashin et al. (1999) recommended a variety of improvements to road BMPs.  Those that 41 
apply to reduction of peak flows and direct input of road runoff to streams include: 42 
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minimization of road location within 485 feet (150 meters) of streams, revised spacing of 1 
relief culverts, adequate sediment traps, and spreading or dissipation measures to prevent 2 
incision from runoff.  They also recommended against the use of ambiguous language in 3 
BMPs. 4 

Timber Harvest 5 
The best understood effect of timber harvest is its influence on stream flow relating to 6 
altering snow accumulation and melt rate.  Increased peak flows can occur in the winter, 7 
when a warm wet storm brings rain after a cold storm deposits substantial amounts of 8 
snow.  Many floods in Washington, mostly on the westside of the Cascades, have occurred 9 
as a result of rain-on-snow events.  While rain-on-snow events are a natural occurrence, 10 
their effects can be exacerbated when a watershed has been logged in a short amount of 11 
time (25 to 30 years) (Coffin and Harr 1992; Troendle and Leaf 1981).   12 

The two most important watershed variables that affect rain-on-snow events are elevation 13 
and extent of timber harvest.  Timber harvest has the potential to alter snow accumulation 14 
and melt rates in any portion of a watershed, but predominantly in the “rain-on-snow” 15 
zone.  The rain-on-snow zone in western Washington typically occurs between 1,200 and 16 
4,000 feet in elevation (Washington DNR 1997a).  Forest openings are conducive to 17 
increased snow pack accumulations because more snow reaches the ground as a result of 18 
less snow interception by the tree canopy.  Once rainfall associated with a storm occurs, 19 
the forest openings are more conducive to higher rates of convection and condensation to 20 
the snow pack than the surrounding forest.  The combination of greater snow accumulation 21 
and increased melt rates can lead to a greater rate of moisture available at the soil surface 22 
in forest openings during a rain-on-snow event than occurs in the adjacent forest (Coffin 23 
and Harr 1992).  The net result is that an increase in runoff is expected from forest 24 
clearcuts in areas where rain-on-snow is prevalent.    25 

Although not as well understood, timber harvest may increase snowmelt peak flows 26 
(Benda et al. 1998).  Because timber harvest can cause increased snow accumulation in 27 
openings, areas where runoff is dominated by snowmelt can theoretically experience 28 
increased peak flows.  However, research in the Pacific Northwest has not consistently 29 
demonstrated this effect.  While Cheng (1989) found as much as a 35 percent increase in 30 
peak flows with 30 percent clearcuts in British Columbia, Fowler et al. (1987) found no 31 
effect in small watersheds in Oregon.  In perhaps the most comprehensive study, Anderson 32 
and Hobba (1959) found an 11 percent increase in spring peak flows across 21 watersheds 33 
in eastern Oregon.  This area is analogous to eastern Washington.  34 

Rain-dominated watersheds, such as along the coast, may also be subject to increased peak 35 
flows, but for different reasons.  Studies that have shown peak flow increases in rain-36 
dominated watersheds (Harr et al. 1975; Harr 1986) have correlated the increases with soil 37 
compaction, rather than timber harvest.  Yet other studies indicate no change in peak flow 38 
after harvest (Benda et al. 1998).  If a peak flow following harvest occurs, small basins 39 
seem to be more likely to experience effects than large basins.  From a mass balance 40 
perspective the contribution to the total discharge should be more significant in smaller 41 
basins. 42 
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Most recent research suggests that peak flow changes due to forest practices are difficult to 1 
detect on large river systems; effects of peak flow changes due to forest practices in small 2 
basins are highly variable, but small peaks are apparently affected more than large peaks 3 
(e.g., Thomas and Megahan 1998; Beschta et al. 2000). 4 

Roads in Riparian Areas 5 
Historic road routing and construction practices have, at times, led to substantial impacts 6 
on riparian systems.  Roads were often built along flat floodplains, which resulted in the 7 
removal of riparian vegetation.  In narrow canyons with limited floodplains, roads were 8 
commonly located on the sideslope within the riparian zone or encroached on the stream 9 
channel; some roads even used the actual stream channels.  Even in the absence of these 10 
longitudinal impacts, the continuity of the riparian corridor has been interrupted at each 11 
bridge and culvert crossing (Kondolph et al. 1996).  Consequently, roads built in riparian 12 
areas have changed riparian forest structure and composition and caused permanent land 13 
disturbance.   14 

Stream-adjacent roads can cause the loss of some or all riparian functions within riparian 15 
lands depending on where road construction has occurred.  One example is the loss of 16 
LWD recruitment potential from trees on the upland side of roads within riparian areas.  17 
Most of the trees on the upland side are not be recruited as LWD because they are typically 18 
removed when the tree falls onto the road.  Major changes to the aquatic system have also 19 
occurred from riparian land modifications due to road development, including the 20 
straightening or simplification of the stream channel system (Knutson and Naef 1997; 21 
Oregon Department of Forestry 1999a). 22 

Currently, limited information on statewide road density or distribution of roads in riparian 23 
areas is available.  However, for a general perspective, the U.S. Forest Service has 24 
quantified the number of roads built on National Forest System lands in Washington.  By 25 
1907, only 147 miles of road had been built in all of Washington’s National Forest System 26 
lands.  By 1962, the length of roads on National Forest System lands in Oregon and 27 
Washington had risen to 22,000-24,000 miles, and to over 90,000 miles in 1990.  In the 28 
late 1990s, it was estimated that about 3,000 miles of new roads were being constructed 29 
annually in the western-forested area of the United States (Knutson and Naef 1997).   30 

In eastern Washington, increased roading has allowed greater access for forest 31 
management and some types of recreation, and has contributed to the protection of the 32 
forest from the spread of fires and catastrophic outbreaks of insects.  Railroads were also 33 
built into some areas, and eventually many railroad grades were converted to roads.  The 34 
decision of where and when to build roads has always hinged on the logistics of timber 35 
harvesting (Oliver et al. 1994).  As the density of roads increases, road impacts on riparian 36 
areas will inevitably increase the potential for adverse effects to riparian areas and aquatic 37 
systems from roads increases (Knutson and Naef 1997; Baxter et al. 1999; Gucinski et al. 38 
2001; Ripley et al. 2005). 39 
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3.5.3 Groundwater Quantity and Quality 1 
As a fundamental component of the hydrologic cycle, groundwater plays a critical role in 2 
maintaining the health of riparian and wetland ecosystems.  Groundwater sustains stream 3 
and river baseflows and influences the thermal regime of many surface waters in 4 
Washington.  From a human perspective, groundwater supplies more than one-quarter of 5 
the State’s water demand and is estimated to provide at least 65 percent of the drinking 6 
water for the State’s residents (Washington Department of Ecology 2002b).  In large areas 7 
east of the Cascade Range, 80 to 100 percent of available drinking water is obtained from 8 
groundwater resources.  In addition, some areas of the State, including most of Island and 9 
San Juan Counties, rely solely on groundwater sources for potable water.  Of the total 10 
number of public water supply systems in Washington, over 95 percent use groundwater as 11 
their primary water source (U.S. Environmental Protection Agency 1999). 12 

Washington has three principal groundwater aquifers (Washington Department of Ecology 13 
2002b).  They include: 1) the basalts and overlying unconsolidated deposits of the Central 14 
Columbia Plateau in southeastern Washington, 2) the unconsolidated glacial deposits of the 15 
Puget Sound Lowland, and 3) the glacial outwash deposits of the Spokane-Rathdrum 16 
Prairie Aquifer in northeast Washington.  These larger aquifer systems are typically 17 
composed of multiple water-bearing units that underlie the surface, often extending many 18 
hundreds of feet below ground.  A number of smaller aquifer systems also exist throughout 19 
the State, commonly located within river valleys. 20 

When used for consumptive purposes, groundwater is usually accessed by shallow wells 21 
drilled into unconsolidated-deposit aquifers that consist primarily of sand and gravel but 22 
contain variable quantities of clay and silt (U.S. Geological Survey 1994).  Many high-23 
yield public supply and irrigation wells and thousands of domestic wells are completed in 24 
these types of aquifers and most are located on privately owned lands.  In many places, 25 
deeper wells produce water from underlying volcanic rocks such as basalt. 26 

Groundwater is often connected directly or indirectly to rivers, streams, lakes, and other 27 
surface water bodies, with exchange and mixing occurring between the sources.  28 
Contaminants entering groundwater can therefore affect surface waters (and vice versa) 29 
and associated aquatic organisms.  Depending on the geologic and hydrologic conditions of 30 
the aquifer, contaminated groundwater may reach surface waters within days or may take 31 
hundreds or even thousands of years (U.S. Environmental Protection Agency 1986).   32 

Currently, there is no comprehensive, statewide groundwater monitoring program in 33 
Washington.  Groundwater monitoring efforts cover only a small portion of the primary 34 
aquifers in the State and vary in parameters measured, methods of measurement, data 35 
quality, and degree of long-term commitment (Washington Department of Ecology 2002b).  36 
As a result, it is difficult to assess the general status of groundwater in Washington.  37 
Nevertheless, issues concerning the potential effects of forest practices on groundwater, 38 
including changes in quantity and quality, are addressed in Chapter 4 (Environmental 39 
Effects). 40 
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3.6 VEGETATION  1 

3.6.1 Forest Vegetation 2 
About half (22.9 million acres) of the 43.3 million acres that make up Washington State are 3 
mapped as forestland (Table 3-2).  In terms of broad categories of land cover, the State 4 
consists of 53 percent forestland, 16 percent shrubland, 7 percent grassland, 18 percent 5 
agricultural lands, 2 percent freshwater and wetlands, 2 percent perennial ice/snow and 6 
rock, and 2 percent developed residential and commercial lands (Table 3-2).  Of the 7 
forestlands, approximately 50 percent are covered by the Washington Forest Practices 8 
Rules; these primarily include privately owned and state-managed forestlands, although 9 
forestlands managed by local governments are also covered by the rules.  The spatial 10 
distribution of covered lands is shown along with the analysis regions in Figure 3-1.  Table 11 
3-3 lists the estimated acreage of covered lands and other forestlands in the State by 12 
analysis region and ownership category. 13 

Due to their wide distribution throughout the State, covered lands vary markedly in terms 14 
of their physical characteristics.  Franklin and Dyrness (1973) mapped six forested 15 
vegetation zones in Washington (Figure 3-3).  Covered lands are present in each of the six 16 
zones.  The six zones include:  1) the Sitka spruce (Picea sitchensis) zone, 2) the western 17 
hemlock (Tsuga heterophylla) zone, 3) the ponderosa pine (Pinus ponderosa) zone, 4) the 18 
grand fir (Abies grandis) and Douglas-fir (Pseudotsuga menziesii) zones, 5) the subalpine 19 
forest zones [including the Pacific silver fir (Abies amabilis), mountain hemlock (Tsuga 20 
mertensiana), and subalpine fir (A. lasiocarpa) zones], and 6) the Willamette Valley zone.  21 
An overview of the vegetative and climatological characteristics of each zone is provided 22 
below, based on Franklin and Dyrness (1973). 23 

Sitka Spruce Zone – The Sitka spruce zone stretches the length of the Washington coast 24 
and is generally only a few miles wide except where it extends up river valleys 25 
(Figure 3-3).  The zone is much broader along the westside of the Olympic Peninsula 26 
where an extensive coastal plain exists.  The zone typically lies below 500 feet in 27 
elevation, although it may be found up to 2,000 feet in elevation where mountains are 28 
adjacent to the ocean.  Approximately 1.3 million acres of covered lands (12 percent of all 29 
covered lands) lie within the Sitka spruce zone. 30 

The Sitka spruce zone has the mildest climate of any forest region in Washington.  31 
Extremes in moisture and temperature are minimal due to the proximity to the ocean.  32 
Annual precipitation is high, averaging between 80 and 120 inches; most of this falls as 33 
rain during the fall and winter months.  Frequent fog and low clouds during the relatively 34 
dry summer months are probably important in reducing moisture stresses on trees and other 35 
vegetation. 36 

Dominant tree species include Sitka spruce (Picea sitchensis), western hemlock (Tsuga 37 
heterophylla), western redcedar (Thuja plicata), Douglas-fir (Pseudotsuga menziesii), 38 
grand fir (Abies grandis), and Pacific silver fir (Abies amabilis).  Red alder (Alnus rubra) is 39 
common on disturbed sites and shore pine (Pinus contorta) is common along the ocean. 40 
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Western Hemlock Zone – The western hemlock zone is the most extensive forest region 1 
in western Washington.  The region is famous for its sub-climax forests of Douglas-fir and 2 
climax forests of western hemlock and western redcedar.  The zone extends from British 3 
Columbia south through the Olympic Peninsula, Coast Ranges, Puget Trough, and Cascade 4 
physiographic provinces (Figure 3-3).  In the Cascades, the western hemlock zone is found 5 
from sea level to 2,200 feet in the north and from 400 to 3,000 feet in the south.  The zone 6 
lies between 500 and 1,800 feet on the western slopes of the Olympic Mountains but 7 
ranges from sea level to 3,700 feet on the drier eastern slopes.  The western hemlock zone 8 
encompasses the largest proportion of covered lands at 6.3 million acres (55 percent of all 9 
covered lands). 10 

The western hemlock zone has a wet, mild marine climate.  Because the zone lies further 11 
from the ocean, temperature and moisture extremes are greater than in the Sitka spruce 12 
zone.  Within the zone, climatic variation is high due to differences in latitude, elevation, 13 
and location with respect to mountain ranges.  Annual precipitation ranges from 60 to 14 
120 inches, most of which falls as rain during the fall and winter months.  Between 6 and 9 15 
percent of annual precipitation occurs during the summer. 16 

Douglas-fir, western hemlock, and western redcedar are the dominant tree species.  Pacific 17 
silver fir is common near the upper elevation limits and even well within the western 18 
hemlock zone in the North Cascades and Olympic Mountains.  Grand fir, Sitka spruce, and 19 
western white pine (Pinus monticola) occur sporadically.  Red alder, bigleaf maple (Acer 20 
macrophyllum), and black cottonwood (Populus balsamifera spp. trichocarpa) are 21 
common in riparian areas.  Red alder is also common on disturbed sites.  22 

Willamette Valley Zone – The Willamette Valley zone is part of the Interior Valley zone 23 
or Pine-Oak-Douglas-fir zone of Franklin and Dyrness (1973), and barely extends into 24 
southwest Washington around Vancouver (Figure 3-3).  It consists mostly of the 25 
Willamette River valley bottom and adjacent lowlands, enclosed by the Cascade Range on 26 
the east and the Coast Ranges on the west.  It is generally warmer and drier than the 27 
western hemlock zone and consists of a vegetational mosaic resulting from a long history 28 
of human influences.  The mosaic includes Oregon white oak (Quercus garryana) 29 
woodlands, coniferous forests, grasslands, shrub communities, and riparian forests. 30 
Approximately 28,000 acres of covered lands (less than 1 percent of all covered lands) lie 31 
within the Willamette Valley zone. 32 

Subalpine Forests – Subalpine forests in Washington include the Pacific silver fir, 33 
mountain hemlock, and subalpine fir zones (Figure 3-3).  The Pacific silver fir zone is the 34 
lowest of the three zones and occupies the western slopes of the Cascade Range and all but 35 
the drier northeastern slopes of the Olympic Mountains at elevations ranging from 2,000 to 36 
4,300 feet.  The mountain hemlock zone is the highest forest zone along the western slopes 37 
and crest of the Cascades and Olympics and generally lies between 4,100 and 6,000 feet 38 
elevation.  This zone extends varying distances east across the Cascade crest until it is 39 
gradually replaced by the subalpine fir zone.  The subalpine fir zone is common on 40 
secondary ranges that extend east from the Cascade crest, in the Okanogan Highlands of 41 
north-central Washington, and in the Blue Mountains of southeastern Washington.  Its 42 
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Figure 3-3. Forest Vegetation Zones 

Figure 3-3

Figure 3-3.  Forest Vegetation Zones (Franklin and Dyness 1973) and Covered Lands in Washington
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lower elevation boundary is generally 4,900 feet in the Cascades and 4,200 to 5,600 feet in 1 
other areas.  Because covered lands generally lie at lower elevations, the subalpine forest 2 
region encompasses a relatively small proportion of covered lands (626,000 acres or 3 
6 percent of all covered lands). 4 

Subalpine forests in Washington have wet, cool climatic regimes.  Annual precipitation 5 
averages between 55 and 110 inches and is strongly influenced by elevation.  Much of the 6 
precipitation falls as snow during the fall and winter months.  Summers are cool and 7 
winters are cold with snow cover persisting for up to 6 months, particularly in the 8 
mountain hemlock zone.   9 

Typical tree species in the Pacific silver fir zone include Pacific silver fir, western 10 
hemlock, noble fir (Abies procera), Douglas-fir, western red-cedar, and western white pine.  11 
The mountain hemlock zone is dominated by mountain hemlock, subalpine fir, and 12 
lodgepole pine (Pinus contorta), while subalpine fir, Engelmann spruce (Picea 13 
engelmannii), and lodgepole pine comprise the major tree species in the subalpine fir zone. 14 

Douglas-Fir/Grand Fir Zones – The Douglas-fir and grand fir zones are found in eastern 15 
Washington and generally lie above the drier ponderosa pine zone and below the subalpine 16 
forests.  These zones extend north from the Oregon-Washington border along the eastern 17 
slopes of the Cascades and across north-central and northeastern Washington (Figure 3-3).  18 
The Douglas-fir zone is typically found between 2,000 and 4,300 feet in northeastern 19 
Washington.  This zone is more mesic than the lower elevation ponderosa pine zone, with 20 
cooler temperatures and higher annual precipitation.  Douglas-fir, ponderosa pine, 21 
lodgepole pine, and western larch (Larix occidentalis) comprise the major tree species in 22 
the zone.  Together, the Douglas-fir and grand fir zones encompass 2.1 million acres of 23 
covered lands (19 percent of all covered lands). 24 

The grand fir zone usually lies above the Douglas-fir zone and has the most moderate 25 
environmental regime of any eastern Washington forest zone.  Neither moisture nor 26 
temperature conditions are extreme.  Precipitation is generally higher and temperatures 27 
lower than in lower elevation forest zones.  Major tree species in the grand fir zone include 28 
grand fir, ponderosa pine, lodgepole pine, western larch, and Douglas-fir. 29 

Ponderosa Pine Zone – The ponderosa pine zone occupies three areas in Washington:  1) 30 
a narrow band (10 to 20 miles wide) along the eastern flanks of the Cascade Range, 2) the 31 
Blue Mountains, and 3) the Okanogan Highlands (Figure 3-3).  The zone lies between 32 
2,000 and 4,000 feet in elevation along the eastern flanks of the Cascades and between 33 
3,000 and 5,000 feet in the Blue Mountains.  Covered lands occur sporadically throughout 34 
the ponderosa pine zone, encompassing 795,000 acres or 7 percent of all covered lands. 35 

The ponderosa pine zone is characterized by a short growing season and minimal summer 36 
precipitation.  Average annual precipitation ranges from 14 to 30 inches, much of which 37 
falls as snow during the winter months.  Diurnal summer temperatures fluctuate widely, 38 
with hot days and cold nights.  Winter temperatures are generally low and snow often 39 
accumulates to considerable depths. 40 
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Ponderosa pine is the climax species and is commonly associated with quaking aspen 1 
(Populus tremuloides) and lodgepole pine throughout the zone.  In the Okanogan 2 
Highlands, grand fir, Douglas-fir, western larch, and western white pine are common 3 
associates, while in south-central Washington, Oregon white oak is often present. 4 

3.6.2 Riparian Vegetation 5 
The vegetative communities that are commonly associated with riparian areas can be 6 
divided into three general areas of Washington: forested areas in western Washington, 7 
forested areas in eastern Washington, and the non-forested shrub-steppe region in eastern 8 
Washington (Knutson and Naef 1997).  For the purpose of this FEIS only forested riparian 9 
areas are generally described.  The species, sizes, and density of vegetation occupying a 10 
riparian site are dependent upon soil moisture conditions and disturbance history.  11 

Western Washington riparian habitats are associated with wet environmental conditions.  12 
Although considerable site-specific variability occurs, general vegetative characteristics 13 
include the presence of a mixture of conifer and hardwood trees (hardwoods are more 14 
abundant where natural and human disturbance is frequent).  Common conifers found in 15 
riparian areas are western hemlock, western red-cedar, and Sitka spruce – species that are 16 
tolerant of shade and periodically saturated soils.  Red alder is nearly always found in 17 
young and disturbed stands.  Upland conifers (e.g., Douglas-fir) and hardwoods (e.g., 18 
bigleaf maple) are dominant along small streams, which have narrow riparian areas.  19 
Lowland rivers and forested swamps with frequent flooding or gravelly soils often include 20 
black cottonwood, willow (Salix spp.), and red alder.  Swampy areas may also have vine 21 
maple (Acer circinatum), cascara (Rhamnus purshiana), willow, western red-cedar, Sitka 22 
spruce, and western hemlock (Knutson and Naef 1997).  Some of these species also are 23 
common components of riparian areas on drier sites.  24 

Forested riparian areas of eastern Washington are typically located in deeply incised 25 
ravines in mountainous terrain (Carlson et al. 1990 in Knutson and Naef 1997).  Lower 26 
elevations with moist soils and temperate microclimates support cedar, western hemlock, 27 
bigleaf maple, quaking aspen, and other hardwood trees.  Large trees, snags, and downed 28 
wood can be abundant in areas depending on disturbance history.  These relatively moist 29 
riparian areas also include a variety of understory shrubs and herbs including willow, red-30 
osier dogwood (Cornus stolonifera), mountain alder (Alnus incana tenuifolia), devil’s club 31 
(Oplopanax horridum), and other species.  Drier sites are characterized by ponderosa pine 32 
in the uplands while trees in riparian areas include Douglas-fir, paper birch (Betula 33 
papyrifera), black cottonwood, and quaking aspen.  High elevation riparian sites often have 34 
saturated soils that are dominated by understory species rather than by tree species.  Where 35 
trees exist, they are commonly subalpine fir or Engelmann spruce and down wood is 36 
abundant because cold temperatures slow decomposition.  Shrubs and herbs at high 37 
elevations are relatively diverse, but generally stunted due to the more severe 38 
environmental conditions (Knutson and Naef 1997). 39 
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3.6.3 Disturbance Agents  1 
Stand disturbance has long been a factor in Pacific Northwest forests.  Disturbance factors 2 
include fire, wind, insects, and pathogens. 3 

3.6.3.1 Fire 4 
Fire has been an integral part of the forest environment for thousands of years.  The 5 
likelihood of a fire initiation and the extent and severity of the resulting fire are affected by 6 
the vegetation and other fuels on the site.  The most common natural cause of forest fires is 7 
lightning.  Areas east of the Cascade crest average 10 to 15 thunderstorms per year, while 8 
areas west of the Cascades average five per year.  Most of the forested areas of Washington 9 
experience between one and six lightning fires per 100,000 acres each year.  Lightning 10 
fires, which usually start as the result of lightning strikes in large trees or snags, account 11 
for approximately 37 percent of the forest fires in Washington.  Less than 1 percent is 12 
caused by spontaneous combustion or other natural causes (Agee 1993).  The remaining 13 
fires are caused by humans, and are due to campfire escapes, industrial activity, other 14 
accidents, or are intentionally set.  When conditions are dry and fuel is abundant, fires can 15 
burn large areas.  One lightning fire in Chelan County, the 1994 Tyee Fire, burned more 16 
than 140,000 acres.   17 

In the cool, moist climate of western Washington, climatic conditions, fuel accumulation, 18 
and lightning ignition historically have combined to result in infrequent extensive stand-19 
replacement fires (fires that kill virtually all vegetation).  These fires were generally more 20 
intense than fires in eastern Washington and often resulted in a 50- to 100-year time span 21 
before the burn area became fully restocked with native conifers (Franklin et al. 1981).  22 
The historical natural fire return interval for cedar, spruce, and hemlock stands of western 23 
Washington is about 937 years and about 217 years for Douglas-fir stands (Agee 1993).  24 
Higher moisture levels found in riparian areas can increase fire return intervals in those 25 
areas (Agee 1993).  The return interval (cycle or turnover time) is the mean time between 26 
disturbances on a given site.   27 

Historically, fires in eastern Washington have been more frequent and less intense than 28 
fires in western Washington, with ponderosa pine forests experiencing extensive fires 29 
every 15 years on average, mixed conifer forests an average of every 50 years, and the 30 
moister, high elevation forests experiencing fire only about once every 500 years (Agee 31 
1993).  Often the more frequent fires in eastern Washington represented understory burns 32 
that maintained the canopy, or at least a portion of the canopy and were not stand 33 
replacement fires where all vegetation would have been killed.  These frequent lighter fires 34 
in the ponderosa pine and Douglas-fir zones were instrumental in maintaining the open 35 
pine forests noted by 19th century settlers.  Natural disturbance from fire on the eastside is 36 
an important factor defining stand seral stage characteristics under unmanaged condition 37 
(Washington Forest Practices Board 2001a).  38 

Fire control practices during the last century, in all areas of Washington, have increased the 39 
fire intervals throughout the State (i.e., fires occur less frequently) (Agee 1993).  These 40 
increased fire intervals cause buildup of unnatural levels of dead and dying materials that 41 
can fuel fires.  This fuel buildup may results in more intense and frequent stand-42 
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replacement fires, particularly in eastern Washington.  Currently, fuel levels are high in 1 
many parts of eastern Washington because the frequent understory fires that once burned 2 
these areas and kept fuel levels in check have been aggressively suppressed.  These 3 
frequent understory fires that historically occurred in eastern Washington helped maintain 4 
natural ponderosa pine forests that were open and park-like because ponderosa pine is a 5 
species that relies on high heat for natural regeneration of the species.  The heat of forest 6 
fires facilitates the opening of ponderosa pine cones allowing the seeds to disperse and 7 
germinate.  The reduction in forest fires in eastern Washington could be linked to a 8 
reduction in the quantity of ponderosa pine forests.  Management of a disturbance agent 9 
such as fire, can itself cause a disturbance effect by altering types of vegetation present 10 
(Washington Forest Practices Board 2001a). 11 

3.6.3.2 Wind 12 
Historically, windstorms have had a larger effect on westside forests than on eastside 13 
forests, and fire has had a larger effect on eastside forests than on westside forests.  Wind 14 
has been especially potent in coastal Sitka spruce and high elevation Pacific silver fir and 15 
alpine forests, where the moist conditions generally limited fire spread (Agee 1993).  The 16 
historic return intervals for windstorms in western Washington are approximately 119 to 17 
384 years for small-scale to large-scale storms (Washington Forest Practices Board 2001a; 18 
Harcombe 1986 as cited in Agee 1993).  The 1921 windstorm and the Columbus Day 1962 19 
windstorm blew down thousands of acres of mature trees in the western Olympic Peninsula 20 
and other areas of western Washington (Washington DNR 2003).  In addition to major 21 
regional wind storms, locally intense winds are an important cause of small-scale 22 
disturbance, which occurs across the landscape on an annual basis.  23 

3.6.3.3 Insects and Pathogens 24 
Insects and pathogens (fungi, viruses, dwarf mistletoe) are an important part of forest 25 
ecosystems.  They have many, complex biological roles and interactions.  Insects and 26 
pathogens may weaken or kill trees; stimulate altered tree growth forms such as forked 27 
tops, galls, and bushy growths; affect light and heat reaching streams or the forest floor; 28 
and cause a fertilization effect with feces.  Insects act as pollinators, but also consume  29 
seeds and fruit.  Insects, fungi, and dwarf mistletoe plants are prey or food resources for 30 
fish (Dodge 2001) and wildlife.  The presence or absence of some insect species can give 31 
indications of water quality characteristics.  Mychorrhizal fungi enhance the uptake of 32 
water and nutrients by roots.  Saprophytic insects and fungi consume dead plant and animal 33 
material, affecting the softness and longevity of snags, increasing soil quality, releasing 34 
nutrients. 35 

The effects of native insects and pathogens are considered to be part of how ecosystems 36 
function.  Damaged trees become nest sites for birds and salamanders and make space for 37 
other trees and plants to grow.  A root rot pocket may not grow Douglas-fir for the next 38 
60 years, but the openings, scattered mortality, and increased volume of LWD may provide 39 
big game forage, small animal habitat sources, increased diversity in plant communities, 40 
and enhanced visual quality at the landscape scale (Theis and Sturrock 1995).  Humans 41 
may judge the activity of insects and pathogens in relation to their long- and short-term 42 
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management objectives for the land.  Humans intervene or affect these interactions by 1 
conducting management activities that control the trees species, structure, and vigor on a 2 
site.  Non-native insects and diseases, introduced by human activities, have the potential to 3 
disrupt ecosystem balance and processes.  Some examples of insect/pathogen and forest 4 
interactions are described below.  5 

Exotic Pest Species and Native Hosts Natural Defenses 6 
The white pine blister rust fungus was introduced accidentally in the early 20th century.  It 7 
has killed vast numbers of native western white pine that produce heavy seed crops for 8 
wildlife, once abundant and widespread in eastern and western Washington.  This fungus 9 
has now reached alpine areas where high losses to whitebark pine (Pinus albicaulis), a 10 
critical food and habitat tree in this harsh environment, are expected (Baskin 1998; Goheen 11 
et al. 2002).  The balsam woolly adelgid, an introduced insect, is making grand fir more 12 
susceptible to drought and insect defoliators, and will likely reduce the range of subalpine 13 
fir (which die at low elevations, but survive in higher sites where it is too cold for the 14 
insect to complete its lifecycle) (Mitchell 2001).  The exotic defoliator, larch casebearer, 15 
causes some damage to western larch, but has come somewhat into balance because 16 
intentionally-introduced exotic predatory insects control it (Ryan 1997).  The exotic 17 
cinnabar moth was intentionally released in Washington and has successfully suppressed 18 
populations of the tansy ragwort, a noxious weed that invades grassland habitats and is 19 
toxic to animals that eat it (Washington State Noxious Weed Control Board 2004).   20 

Fire Suppression and Insects/Pathogens 21 
Humans have succeeded at suppressing almost all but the most severe and extreme forest 22 
fires.  Therefore, particularly in eastern Washington where light fires were more common, 23 
without the thinning, clearing and diversity enhancing effects of fire, forests are more 24 
dense, dominated by shade-tolerant species (Douglas-fir and grand fir replacing pine and 25 
larch), and more uniform in structure than in the past.  Weak, crowded trees are more 26 
susceptible to being killed by bark beetles, particularly during times of drought 27 
(Edmonds et al. 2000).  Crowded trees in dense stands are excellent habitat for defoliating 28 
caterpillars such as the western spruce budworm and Douglas-fir tussock moth (that feed 29 
on Douglas-fir and true firs).  Insect defoliator outbreaks are more frequent, last longer, 30 
and cause more damage to affected trees than prior to European settlement (Hessburg et al. 31 
1994).  The dense forests are also more susceptible to root diseases and dwarf mistletoe 32 
infection because close proximity of weak trees facilitates transmission of the pathogens.  33 
Alternatively, the insect defoliators of mature pine trees have been less numerous, and 34 
insect and wildlife species (such as the mardon skipper butterfly, an endangered butterfly 35 
in Washington) that use the grasses and openings beneath pine trees have been reduced 36 
(Hessburg et al. 1994; Potter et al. 1999).  37 

Forest Fragmentation 38 
Fire suppression and logging have affected the continuity of forests.  While fire 39 
suppression has made forests more uniform; logging has tended to break forest stands into 40 
discrete units (although the uniformity within a stand may be increased as it is planted to 41 
only one species with a relatively uniform spacing).  The native defoliators, western spruce 42 
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budworm and Douglas-fir tussock moth, have benefited by the increase in forest density 1 
and continuity that fire suppression has brought (Hessburg et al. 1994).  2 

Forest Management and Pathogens 3 
Native tent caterpillars benefit from edge habitat and hardwood-favoring disturbances that 4 
logging and settlement have brought to Puget Sound.  The white pine weevil thrives when 5 
Sitka spruce are grown in large openings or plantations, in contrast to the partial shade they 6 
probably grew in following fire or windthrow disturbances (Oregon Department of 7 
Forestry 1999b; Hamid et al. 1995).  Moreover, creation of stumps enhances many root 8 
diseases.  Root disease fungi persist in decaying underground root material and stumps 9 
long after the infected tree has died or been removed.  If the tree is cut, the root rot fungi 10 
can persist in the buried portions of the stump for decades.  If the tree tips over, then most 11 
of the roots and stump are levered out of the ground and dry out, reducing fungus 12 
inoculums on the site.  Annosum root and butt rot invades trees when spores land on 13 
wounds or cut stumps.  Levels of Annosum root and butt rot were reduced when forest 14 
managers initially removed very old, infected trees, but will increase with increasing 15 
management activities that create stumps and basal wounds and maintain trees for longer 16 
rotation ages (Schmitt et al. 2000).  17 

Species Composition 18 
Insects and pathogens have generally evolved to feed on a single or few closely-related 19 
host tree species.  Their activity levels are affected by the abundance of their host tree.  For 20 
example, the native foliar pathogen Swiss needle cast causes premature needle loss in 21 
Douglas-fir (Southwest Oregon Forest Insect and Disease Service Center 2004).  It is most 22 
severe near coastal areas because the spores are protected by moist, foggy weather.  Where 23 
humans have replaced coastal hemlock forests with Douglas-fir plantations, the intensity of 24 
Swiss needle cast disease has risen (Southwest Oregon Forest Insect and Disease Service 25 
Center 2004).  In contrast, the hemlock looper (caterpillar) feeds on the foliage of western 26 
hemlock and associated conifers.  It reaches high outbreak populations in old growth 27 
hemlock forests with abundant moss and lichen for egg laying sites.   28 

Snag and Downed Log Abundance 29 
Snags and dead portions of trees are important nesting sites for woodpeckers and carpenter 30 
ants, predators of bark beetles, and defoliating caterpillars.  In many managed forests, 31 
timber harvest, salvage logging (i.e., commercial harvest of dead, downed logs) and 32 
firewood gathering have reduced the availability of snags and large logs, thus reducing 33 
insect predators.  The natural population cycles of the herbivorous insects may become 34 
more intense, erratic, and damaging (Bull et al. 2001).  Ants are an important food for 35 
black bears when berries are scarce (Schowalter et al. and Withgott 2001).  Logs may also 36 
protect soil organisms from disturbances like fire, summer drought, and timber harvest.  37 
Without sufficient numbers of logs, recolonization of disturbed soils could be slowed.  38 
These soil organisms provide critical functions of nutrient cycling and soil aeration 39 
(Schowalter et al. and Withgott 2001).  40 
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3.6.3.4 Special Problems in Eastern Washington Riparian Areas 1 
Disturbance following European settlement has occurred primarily through timber harvest, 2 
land clearing, agriculture, and, in some areas, fire.  Much of Washington forestlands have 3 
been logged at least once in the past 100 years (Washington DNR 2003).  Generally, 4 
timber was selectively logged (i.e., the removal of specific trees only) in eastern 5 
Washington.  As a result, eastern Washington riparian areas include dense understories, 6 
dense reproduction, and more fire-intolerant species resulting in high fuel accumulation 7 
and more intense and destructive fires as compared to natural conditions (Wissmar et al. 8 
1994; Washington Forest Practices Board 2001a). 9 

Riparian habitat disturbance factors include all of the above mentioned factors plus a few 10 
additional factors in eastern Washington that can have significant impacts.  These 11 
disturbance factors include grazing, mining, and irrigation (DEIS Appendix A).  Studies 12 
have shown that livestock grazing within riparian areas eliminates or reduces streamside 13 
vegetation, destabilizes streambanks, causes channel sedimentation and aggradation, 14 
widens channels, increases stream temperature extremes, lowers the water table, reduces 15 
bank undercut, and reduces pool frequency and depth (Armour et al. 1991; Chaney et al. 16 
1993; Kauffman and Krueger 1984; Kovalchik and Elmore 1992; Meehan 1991; Platts 17 
1991).  Grazing pressure usually is higher in the riparian zone because there typically is 18 
more shade, surface water for drinking, and more succulent vegetation than outside of 19 
these zones (Platts 1991).     20 

3.6.4 Threatened and Endangered Plants 21 
The Washington DNR Natural Heritage Program maintains a list of threatened, 22 
endangered, and sensitive plant species known to occur in each county.  The list is derived 23 
from a comprehensive Geographic Information System database of known occurrences of 24 
threatened, endangered, and sensitive plants in the State (http://www.dnr.wa.gov/nhp/ 25 
refdesk/plants.html).  Many threatened, endangered, and sensitive plant habitats, such as 26 
alpine, beach, exposed rock, or exposed grassy bluff, are not likely to be affected by 27 
harvest or harvest-related activities.  Other habitats such as meadows, prairies, or forest 28 
openings may not support trees for harvest but may be adjacent to harvest areas and could 29 
potentially be affected by harvest activities.  The species that occur in forested habitats, 30 
including microhabitats in forests such as forest openings, have a high likelihood of being 31 
affected by harvest or harvest-related activities.  Table 3-17 shows federally listed and 32 
candidate plant species, their habitat, and distribution on covered lands by analysis region.  33 
None of these species are intended to be covered by a take authorization under the FPHCP.   34 

3.6.5 Invasive Plants 35 
The historical emphasis of Washington State noxious weed law has been to protect the 36 
economic interests of commercial agriculture in the State.  While the effects of noxious 37 
weed species on agriculture are large, their effects on the natural resources and ecological 38 
diversity of the State are also large.  These resources, once destroyed, may be irreplaceable. 39 
Noxious weeds threaten not only agriculture, but also rangelands, waterways, parks,  40 
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Table 3-17. Federally Listed and Candidate Plant Species in Washington, their Habitat, 1 
and their Current and Potential Distribution  2 

Species 
Federal 
Status1 Habitat 

Curent 
Distribution2 

Potential 
Distribution3 

Marsh sandwort  
(Arenaria paludicola) 

E Marshes, bogs N/A4 NP, WP, SP, 
OC, SW 

Showy stickseed  
(Hackelia venusta) 

E Sand, rocks UCDS UCDS 

Bradshaw’s desert-parsley (Lomatium 
bradshawii) 

E Wetlands, prairies, 
streams 

LC LC, SW 

Wenatchee Mountains checker-mallow 
(Sidalcea oregana var. calva) 

E Wet meadows, open 
conifer stands 

UCDS UCDS 

Golden paintbrush  
(Castilleja levisecta) 

T Open grasslands, 
some partial shade 

SW, IS LC, SW, SP, 
NP, WP, IS 

Water howellia  
(Howellia aquatilis) 

T Wetlands, vernal 
pools 

SP, SR, UCUS UCUS, SR, 
SPS, SW, LC 

Nelson’s checker-mallow  
(Sidalcea nelsoniana) 

T Streams, meadows, 
open areas 

SW, LC SW, LC, SPS 

Kincaid’s lupine  
(Lupinus sulphureus spp. kincaidii) 

T Prairies, open oak 
woods 

SW SPS, LC, SW 

Spalding’s catchfly  
(Silene spaldingii) 

T Open grasslands, 
scattered conifers 

SR, UCUS, 
CB 

SR, UCUS, CB

Slender moonwort  
(Botrychium lineare) 

C Wide range:  
shaded and open 

UCUS UCUS, UCDS 

1/ E = endangered; T = threatened; C = candidate. 
2/ Analysis region(s) in which the species is currently found:  NP = North Puget; WP = West Puget; SP = South Puget; OC = 

Olympic Coast; SW = Southwest; LC = Lower Columbia; MC = Middle Columbia; UCDS = Upper Columbia downstream of 
Grand Coulee Dam; UCUS = Upper Columbia upstream of Grand Coulee Dam; SR = Snake River. 

3/ Analysis region(s) in which the species could potentially occur:  NP = North Puget; WP = West Puget; SP = South Puget; OC = 
Olympic Coast; SW = Southwest; LC = Lower Columbia; MC = Middle Columbia; UCDS = Upper Columbia downstream of 
Grand Coulee Dam; UCUS = Upper Columbia upstream of Grand Coulee Dam; SR = Snake River. 

4/ Species Is Extirpated In Washington. 
 
Sources:  NatureServe 2003; Washington DNR 2000. 

 

wildlife, property values, public health and safety, and general ecological health and 3 
diversity of native ecosystems (http://www.nwcb.wa.gov/weedlist/overview.html). 4 
Washington State Noxious Weed Control Board 2003).  In recognition of these multiple 5 
impacts, Washington’s Weed Law (RCW Chapter 17.10) was updated in 1987 to include 6 
limiting economic loss and adverse effects to Washington’s agricultural, natural, and 7 
human resources. 8 

The State Noxious Weed Control Board systematically classifies noxious weeds based on 9 
the stage of invasion of each species.  The classification system is designed to: 1) prevent 10 
small infestations from becoming large infestations, 2) contain already established 11 
infestations to regions of the state where they occur and prevent their movement to 12 
uninfected areas of Washington, and 3) allow flexibility at the local level to include 13 
widespread weeds for landowner management programs (Washington State Noxious Weed 14 
Control Board 2003).  A complete noxious weed list is published annually in Chapter 16-15 
750 of the WAC (http://www.nwcb.wa.gov/).16 
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3.7 RIPARIAN AND WETLAND PROCESSES  1 

3.7.1 Riparian Areas 2 
Riparian habitat is the area adjacent to streams, rivers, lakes, and wetlands and includes 3 
floodplains and stream-associated seeps and springs.  A wide variety of hydrologic, 4 
geomorphic, and biotic processes determine the character of riparian areas.  Raedeke 5 
(1988) describes riparian systems as having long, linear shapes with high edge-to-area 6 
ratios and microclimates distinct from those of adjacent upland areas.  Portions of riparian 7 
areas are disturbed from periodic inundation, and water is present at or near the soil surface 8 
during all or part of the year.  These unique characteristics result in variable soil moisture 9 
conditions and distinct plant, animal, and invertebrate communities that are often more 10 
diverse than surrounding upland areas. 11 

Riparian areas have distinct resource values and characteristics that make them important 12 
zones of interaction between terrestrial and aquatic ecosystems (Knutson and Naef 1997).  13 
These areas are especially dynamic segments of a watershed.  Disturbance processes in 14 
upland areas (e.g., fire, mass wasting, and windthrow), as well as disturbance processes 15 
unique to stream systems (e.g., bank erosion, peak flows, floods) all affect riparian areas 16 
(Benda et al. 1998; Montgomery and Wohl 20043; Spence et al. 1996; Reeves et al. 1995). 17 
Functional riparian areas along streams and rivers in Washington are generally composed 18 
of large conifers, or a mixture of large conifers and hardwoods and a diverse understory 19 
plant community.  Riparian vegetation is important for maintaining streambank and 20 
floodplain integrity.  Vegetation slows water velocity on the floodplain, and plant roots 21 
inhibit erosion along streambanks, reducing sediment deposition in streams (subsection 22 
3.4, Geology, Soils, and Erosion).  Riparian vegetation also helps to provide shade, leaf 23 
and needle litter important to aquatic food chains and nutrient cycling, and LWD, which is 24 
an important component of instream fish habitat (subsection 3.8, Fish and Fish Habitat).  25 
Riparian ecosystems are also important for a variety of plant and wildlife species.  They 26 
provide the primary habitat for many of the State’s amphibians (subsection 3.9, 27 
Amphibians and Amphibian Habitat) and provide important reproductive and foraging 28 
areas and/or dispersal/movement corridors for a wide variety of other wildlife (subsection 29 
3.10, Birds, Mammals, Other Wildlife and Their Habitats).  Clearing or harvesting trees 30 
along streambanks and road construction near or adjacent to streams can negatively affect 31 
riparian ecosystem functions (Chamberlin et al. 1991; FEMAT 1993; Spence et al. 1996). 32 

This section summarizes the primary functions of the riparian area.  In addition, it provides 33 
a general description of the history of riparian management/riparian protection on private 34 
and State lands in Washington and the current riparian conditions in Washington State.  35 
Riparian vegetation was described in subsection 3.6.2 (Riparian Vegetation), and special  36 
disturbance problems in eastern Washington riparian areas were described in subsection 37 
3.6.3.4 (Special Problems in Eastern Washington Riparian Areas).  38 

3.7.1.1 Riparian Functions 39 
To understand the effects of various management actions, it is important to understand the 40 
function of riparian areas, which have been described by many authors (e.g., Karr and 41 
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Schlosser 1977; Meehan et al. 1977; Raedeke 1988; Bilby 1988; Murphy and Meehan 1 
1991; Beschta 1991; Castelle et al. 19912).  The most important recognized functions of 2 
stream riparian areas include LWD recruitment, leaf and needle litter production, stream 3 
shade, microclimate, streambank stability, groundwater recharge, stream energy 4 
dissipation, and the routing and trapping of sediment.  Streambank stability and sediment 5 
filtration are introduced and evaluated in subsection 3.4 (Geology, Soils, and Erosion).  6 
The other riparian functions (LWD recruitment, leaf and needle litter production, stream 7 
shade, and microclimate) are briefly summarized below.   8 

3.7.1.2 LWD Recruitment 9 
Riparian areas are an important source of LWD that enters, or is recruited to, the stream 10 
channel.  LWD includes entire trees, rootwads, and larger branches.  Numerous studies 11 
have shown that LWD is an important component of fish habitat (Swanson et al. 1976; 12 
Bryant 1983; Bisson et al. 1987; Naiman et al. 1992).  Trees that fall into streams are 13 
critical for sediment retention (Keller and Swanson 1979; Sedell et al. 1988), gradient 14 
modification (Bilby and Ward 19891979), structural diversity (Ralph et al. 1994), nutrient 15 
production (Cummins 1974), and protective cover from predators.  LWD also creates 16 
storage sites for sediment in all sizes of streams.  In small headwater streams, wood 17 
controls sediment movement downstream minimizing the risk of debris flows.  In large 18 
streams, accumulation of coarse sediment behind LWD often provides spawning gravels 19 
(Bilby and Bisson 1998; Montgomery et al. 2003).  LWD plays an important role in stream 20 
nutrient dynamics by providing inputs of leaf litter and needles. 21 

Large wood recruitment originates from a variety of processes including tree mortality, 22 
windthrow, undercutting of streambanks, debris avalanches, deep-seated mass soil 23 
movements, and redistribution from upstream (Swanson and Lienkaemper 1978).  First and 24 
second-order headwater streams can provide wood to larger higher order channels 25 
downstream (Potts and Anderson 1990; Pritchard et al. 1998; Coho and Burges 1991).  26 
Wood can be transported from upstream during high flow events and from debris torrents, 27 
which includes dam-break floods and debris flows (Swanson and Lienkaemper 1978).  28 
However, high flow events are more common in third- to fifth-order streams (See 29 
Glossary) because much of the wood that falls into streams is too large to float in smaller 30 
streams (Swanson and Lienkaemper 1978).  Although less frequent than high flow events, 31 
debris torrents can introduce large amounts of LWD (Lamberti et al. 1991).  Debris flows 32 
originating in managed forests (albeit, under older less protective rules) occur at a rate 33 
much higher than that of unmanaged forests (Swanston and Swanson 1976; Morrison 34 
1975).  The majority of debris flows and dam-break floods are initiated in low order 35 
streams, primarily second-order streams (Coho and Burges 1991).  Debris flows can travel 36 
upwards of 2.5 miles into higher order, low gradient valley floors, and cause substantial 37 
damage to riparian vegetation and aquatic habitat during and after the event (Coho and 38 
Burges 1991).  The destructive impacts of debris torrents can be reduced by maintaining 39 
contiguous riparian zones of mature conifers and minimizing deposition of logging slash 40 
into and along low order channels (Coho and Burges 1991).  Wood and coarse sediment 41 
deposits from debris torrents can also form new habitat at tributary junctions by supplying 42 
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LWD that forms pools, cover, channel complexity, and by supplying spawning gravel 1 
(Benda et al. 2003). 2 

The potential size distribution of LWD is also an important factor when considering the 3 
appropriate activities in riparian buffers relative to LWD recruitment.  LWD that is large 4 
enough to form a pool is referred to as “functional LWD.”  In contrast, “key piece LWD,” 5 
a subset of “functional LWD,” is considered to be a better measure of the important wood 6 
recruitment sizes.  Key pieces are large and effective in trapping other smaller, more 7 
mobile of LWD (i.e., forming logjams).  Key pieces of LWD are also more likely to have 8 
long-term stability (Bilby and Ward 1989; Collins et al. 2002; Hyatt and Naiman 2001). 9 

Minimum functional LWD size increases with channel width (Bilby and Ward 1989; Bilby 10 
and Wasserman 1989; Beechie and Sibley 1997; Beechie 1998; Washington Forest 11 
Practices Board 1995).  For example, mean LWD diameter increased from 11.7 inches in 12 
westside channels, which were 5 feet wide, to 21.7 inches in channels 44 feet wide (Bilby 13 
and Ward 1989).  Key piece size is also related to stream size and is about 15 percent 14 
larger in diameter than functional piece size for a 40-foot wide stream (Washington Forest 15 
Practices Board 1995; Bilby and Ward 1989).  As a result, riparian management zones 16 
need to ensure not only an appropriate amount or volume of wood, but wood of sufficient 17 
size to serve as both functional pieces and key pieces (Murphy 1995).  Consequently, the 18 
length of time needed for riparian areas to produce LWD after harvest depends upon the 19 
size of the stream, stand composition, and site potential.  Measurable contributions of 20 
wood from second-growth riparian areas are documented to take anywhere from 60 to 250 21 
years, depending on region and size of stream (Grette 1985; Bilby and Wasserman 1989; 22 
Murphy and Koski 1989).  Therefore, large streams that are deficient in LWD and have 23 
adjacent and upstream riparian areas bordered by early seral stage riparian stands are likely 24 
to remain deficient in LWD longer than smaller streams because of their requirement to 25 
have large key pieces to retain LWD (MacDonald et al. 1991; Abbe and Montgomery 26 
2003).  However, if numerous key piece size LWD were available in these wide stream 27 
reaches, and because LWD transport distance increases with stream size, these large 28 
streams may be able to increase LWD locally by capturing downstream-transported LWD 29 
in jams developed by key pieces (Abbe and Montgomery 2003; Martin and Benda 2001; 30 
Collins et al. 2002).  However, the development of key pieces of LWD is infrequent in 31 
most early seral stage forests. 32 

3.7.1.3 Leaf and Needle Litter Production 33 
In aquatic systems, vegetative organic materials originate within the stream, such as algae 34 
production, or from sources outside the stream, such as leaf and needle litter.  Stream 35 
benthic communities (e.g., aquatic insects) are highly dependent upon algal production and 36 
detrital (i.e., organic debris) inputs.  The abundance and diversity of aquatic species can 37 
vary substantially depending upon the total and relative amounts of algae and leaf litter 38 
inputs to a stream (Independent Multidisciplinary Science Team 1999).  For example, 39 
grazing insects are more commonly found in stream reaches with algae production, while 40 
shredding insects are more commonly found in areas rich in leaf and needle input 41 
(Independent Multidisciplinary Science Team 1999).  Detrital input is the primary source 42 
of organic productivity in heavily-shaded, small and medium size streams (Gregory et al. 43 
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1991; Richardson 1992).  In contrast, wide, high order streams with high levels of direct 1 
sunlight, or low order streams with an open riparian canopy, have more algal production.  2 
As a riparian stand ages, the amount of litter-fall increases (Independent Multidisciplinary 3 
Science Team 1999).  The importance of detrital input varies among streams, but can 4 
provide up to 60 percent of the total energy input into stream communities (Richardson 5 
1992).  Small (low-order) streams are important sources of nutrients and contribute 6 
substantially to the productivity of larger streams in the lower reaches of a watershed 7 
(Independent Multidisciplinary Science Team 1999). 8 

3.7.1.4 Stream Shade 9 
There are several factors that make up the heat balance of water (subsection 3.5.1, Surface 10 
Water Quality) including:  air temperature, solar radiation, evaporation, convection, 11 
conduction, and advection (Brown 19831980; Adams and Sullivan 1989).  Stream 12 
temperatures have a natural tendency to warm from upstream to downstream in the 13 
watershed (Sullivan et al. 1990; Zwieniecki and Newton 1999).  Seasonal and diurnal 14 
variability also exists with stream temperatures.  Other site-specific factors such as latitude, 15 
regional climate/weather, stream size, groundwater inflow, and distance from watershed 16 
divides all can affect stream temperature (Beschta et al. 1987; Sullivan et al. 1990).  During 17 
the summer when stream temperatures are the highest, the combination of warmer air 18 
temperatures, increased direct solar radiation and decreased stream flows are the major 19 
factors affecting stream temperature (Beschta et al. 1987).  Of these three factors, forest 20 
management can have the greatest effect on direct solar radiation by reducing shade.  21 
Shade alone does not physically cool the stream, but it prevents further heating of the 22 
stream and maintains the cool water temperatures from groundwater inputs or tributaries 23 
(Oregon Forest Practices Advisory Committee on Salmon and Watersheds 2000).  Shade 24 
from riparian vegetation has been shown to minimize or eliminate increases in stream 25 
temperature associated with timber harvest (Brazier and Brown 1973; Lynch et al. 1985).  26 
Other factors that affect shading include local topography, stream size and aspect, stand 27 
age, composition, and stand density. 28 

3.7.1.5 Microclimate 29 
Microclimate is a collection of variables that are highly dependent on local conditions; 30 
hence, microclimates tend to vary greatly across the landscape.  Important components of 31 
microclimate include solar radiation, soil temperature, soil moisture, air temperature, wind 32 
velocity, and air moisture or humidity (Chen 1991; Chen et al. 1992; Cadenasso et al. 33 
1997).  Changes in microclimatic conditions within the riparian zone resulting from 34 
removal of adjacent vegetation can influence a variety of ecological processes that may 35 
affect the long-term integrity of riparian ecosystems (Spence et al. 1996).  For example, 36 
many of the variables considered in microclimate studies (air temperature, humidity, wind 37 
velocity) are also variables that affect water temperature (Sullivan et al. 1990), an 38 
important component of fish habitat.  Additionally, microclimate is known to be important 39 
for aquatic/riparian species other than fish, such as amphibians (subsection 3.9, 40 
Amphibians and Amphibian Habitat).  In general, due to the low-lying position on the 41 
landscape, riparian areas tend to be cooler than the surrounding hillslopes, especially 42 
during the night.  Because riparian areas are adjacent to water bodies, they often have a 43 
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higher relative humidity under the canopy than upslope areas.  This increase in humidity, 1 
combined with shading effects, can result in forested riparian areas creating a moderating 2 
effect on microclimate (Beschta 1991).   3 

3.7.1.6 Historic Protection of Riparian Areas 4 
The protection of riparian areas is considered critical to the long-term health of aquatic 5 
ecosystems and salmonid conservation efforts (FEMAT 1993; Cederholm 1994; Murphy 6 
1995).  Riparian areas are protected by restricting management activities within the 7 
riparian management zone (RMZ).  Management within RMZs usually involves two main 8 
features: 1) establishment of a buffer width, and 2) restrictions on allowable activities (e.g., 9 
timber harvest prescriptions) within the buffer.  Protection of water quality and fish habitat 10 
is often given the highest management priority; however, buffers may also be designed to 11 
benefit wildlife and other non-fish aquatic species. 12 

Washington Forest Practices Rules have consistently been reviewed and revised in light of 13 
new scientific information, changing public awareness, and evolving demands for forest 14 
and water resources.  The Washington State Forest Practices Act of 1974 created a Forest 15 
Practices Board, which promulgates Washington Forest Practices Rules.  Early riparian 16 
rules only considered changes in stream temperature and bank stability for the aquatic 17 
ecosystem.  All riparian trees could be cut, sparing only the understory on certain 18 
temperature-sensitive streams.  Since then the Washington Forest Practices Rules have 19 
undergone numerous revisions.  Sweeping changes occurred in 1987 with the TFW 20 
Agreement and rule changes resulting from that agreement.  Significant revisions were also 21 
made in 1992, 1996, and the most recent revisions, based on the FFR, in 2001 (subsection 22 
1.3.1, Forest Practices Program, and subsection 2.3, Alternatives Analyzed in Detail). 23 

3.7.1.7 Current Condition of Riparian Areas 24 
Current riparian conditions on State and private lands are mostly a function of past forest 25 
management practices, but natural phenomenon such as wildfire, blowdown, non-26 
management related landslides, and disease have also contributed to conditions in many 27 
areas.  Because riparian protection rules are a relatively recent phenomenon in Washington 28 
State (1982), the majority of riparian forests on State, private, and some Federal lands have 29 
been logged at least once.  Therefore, long-term changes to the riparian habitat character 30 
have resulted from multiple forest practices over time.  These changes to riparian habitat 31 
structure include simplification of the plant community, both in species composition and 32 
structure (Knutson and Naef 1997).  Today it is believed that red alder dominates more 33 
riparian sites in western Washington than was “typical” under natural disturbance regimes 34 
(Washington Forest Practices Board 2001a; McHenry et al. 1998).   35 

Two studies, described below, classified streamside vegetation into three seral stages to 36 
present a picture of current riparian vegetation conditions.  Seral stage provides a general 37 
picture of riparian condition and quality.  The two studies cannot be directly compared to 38 
each other because each study used its own definitions, study area, and data 39 
collection/analysis methods.  One study sampled lands subject to Washington Forest 40 
Practices Rules throughout Washington, while the other study area was specific to western 41 
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Washington riparian areas.  Both studies, however, provide information that indicates the 1 
current general condition of Washington’s riparian areas. 2 

The first study was conducted to provide information for the recent Forest Practices 3 
Alternatives SEPA EIS (Washington Forest Practices Board 2001a).  Table 3-18 presents 4 
the percentage of streamside vegetation on private lands subject to Washington Forest 5 
Practices Rules that existed in the three seral stages (based on a random sample of lands).  6 
Seral stages were based on tree sizes as follows: 7 

• Early Seral – Reproduction, confer pole, hardwood pole, and mixed pole; less than 12 8 
inches in diameter at breast height (dbh). 9 

• Mid-Seral – Conifer sawtimber, hardwood sawtimber, and mixed sawtimber; 12 to 24 10 
inches in dbh. 11 

• Late Seral – Large conifer sawtimber, large hardwood sawtimber, and large mixed 12 
sawtimber; greater than 24 inches in dbh. 13 

The Forest Practices Board study concluded that unnaturally high levels of early seral stage 14 
vegetation existed in riparian zones on private forestland, primarily as a result of timber 15 
management activities and, to a lesser extent, from fire, blowdown, and other natural 16 
processes in riparian areas (Washington Forest Practices Board 2001a).  In general, early 17 
seral stages produce riparian vegetation that provides lower riparian values for aquatic and 18 
terrestrial biota.  In contrast, later seral stages that are typically more diverse in species 19 
composition and stand structure can more fully provide for riparian functions (e.g., shade 20 
and LWD recruitment for aquatic biota) (subsection 3.8, Fish and Fish Habitat) and more 21 
complex vegetative structure (e.g., downed logs and snags for terrestrial biota associated 22 
with riparian habitat) (subsection 3.9, Amphibians and Amphibian Habitat, and subsection 23 
3.10, Birds, Mammals, Other Wildlife and Their Habitats). 24 

These data indicate that within the lands subject to Washington Forest Practices Rules up 25 
to 2001, approximately 78 percent of western Washington stream miles and 61 percent of 26 
eastern Washington stream miles flow through early seral stage riparian areas, while about 27 

Table 3-18. Estimated Percent of Each Seral Stage along Forested Streams on 28 
Private Lands. 1/ 29 

Seral Stage - Percent by Water Type (%) 
Water Type Early Mid  Late 

Westside-Private Lands 
Types 1-3 64 33 2 
Types 4-5 81 18 1 

All Streams 78 21 1 
Eastside- Private Lands 

Types 1-3 60 36 4 
Types 4-5 61 33 6 

All Streams 61 34 5 
Source:  Washington Forest Practices Board 2001a, Appendix C, Table 6.  Based on a random sample of private lands 

(See DEIS Appendix B for a description of the sampling).  See text for seral stage definitions. 
 30 
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1 percent of western Washington miles and 5 percent of eastern Washington miles are late 1 
seral.  Though natural variability is expected in riparian areas, the level of alteration due to 2 
timber harvest and road building is apparent.  3 

The second study (Lunetta et al. 1997) used digital elevation modeling of stream channels 4 
to determine channel gradient, and then characterized riparian seral stage by gradient 5 
category.  The analysis looked at forest vegetation in 179 watersheds across western 6 
Washington.  Stream channels were classified into three categories based on channel slope: 7 
response reach, transport reach, and source reach.  The response reach seral stage data are 8 
the only raw data still available from this study and is, thus, the only data reported here.  9 
Response reaches were defined as channel reaches with less than 4 percent slope, and were 10 
considered the area where most anadromous fish production occurs.   11 

Riparian response reaches were broken into three seral stages defined as follows: 12 

• Early Seral – Hardwood dominated, shrub, or recent clearcut.  Also includes forests 13 
with greater than or equal to 10 percent and less than 70 percent conifer crown cover, 14 
and less than 75 percent of total crown cover in hardwood tree/shrub cover.  15 

• Mid-Seral – Forests with greater than 70 percent conifer crown cover, less than 10 16 
percent crown cover in trees greater than or equal to 21 inches dbh. 17 

• Late Seral – Forests with greater than 70 percent conifer crown cover, more than 10 18 
percent of the crown cover must be in trees greater than 21 inches dbh.  19 

Response reach seral stage data are summarized by analysis region in Table 3-19.  Again, 20 
as of 1997, the most common seral stage was early seral, ranging from 52 percent in the 21 
West Puget Sound Region to 72 percent in the Lower Columbia Region.  Late seral made 22 
up the lowest percentage, ranging from 5 percent in the Southwest and South Puget Sound 23 
Regions to 19 percent in the North Puget Sound Region.  24 

Riparian condition and function (e.g., floodplain condition, bank stability, LWD, shade and 25 
stream temperature, water quality) vary from good to poor within each region, depending 26 
on site scale and location.  For a more detailed analysis, see the Regional Summaries in 27 
DEIS Appendix A. 28 

3.7.2 Wetlands 29 
Wetlands are defined in terms of their physical, chemical, and biological characteristics, 30 
such as hydrologic regime, soil type, and plant species.  Wetlands are formally defined as 31 
those areas that are inundated or saturated with surface or groundwater at a frequency and 32 
duration sufficient to support, and that under normal circumstances, do support a 33 
prevalence of vegetation typically adapted for life in saturated soil conditions (40 CFR 34 
230.41(a)(1); WAC 222-16-11).  This definition includes forested swamps, marshes, bogs, 35 
and other similar areas.  Wetlands are subject to regulation through the Clean Water Act by 36 
the U.S. Army Corps of Engineers and EPA.  Sections 404 and 401 of the Clean Water Act 37 
were created specifically with the intent “to restore and maintain the chemical, physical, 38 
and biological integrity of our nation’s waters.”  39 



 
 

 

 

Riparian and Wetland Processes Final EIS 

 

Chapter 3  

3-74

 

Table 3-19. Estimated Percent of Each Seral Stage along Response Reaches of 1 
Forested Streams for Western Washington Analysis Regions. 2 

Seral Stage
 Early Mid Late 

Analysis Region (Acres/Percent) 

Conifer Crown 
Cover Between 10 

and 70% 

Greater than 70% 
Conifer Canopy; 

10% or Less of the 
Canopy in Conifers 

Greater than 
21”dbh 

Greater than 70% 
Conifer Canopy; 

More than 10% of 
the Canopy in 

Conifers Greater 
than 21”dbh 

 Acres 55,704 17,323 16,808  North Puget Sound 
 Percent 62 19 19 

  
 Acres 34,829 18,613 2,938  South Puget Sound 
 Percent 62 33 5 

  
 Acres 27,416 17,994 7,157  West Puget Sound 
 Percent 52 34 14 

  
 Acres 47,897 26,226 14,869  Olympic Coast 
 Percent 54 29 17 

   
 Acres 103,810 46,893 8,582  Southwest 
 Percent 65 29 5 

  
 Acres 69,833 17,421 10,080  Lower Columbia 
 Percent 72 18 10 

Source: Personal Communication, Brian Cosentino, Washington Department of Fish and Wildlife, October 2003. 

  3 

Wetland ecosystems provide a variety of physical and biological functions.  Additionally, 4 
they provide many values to society including recreation, water quality enhancement, and 5 
flood attenuation.  The National Wetland Policy Forum (Conservation Foundation 1988) 6 
identified eight natural functions that wetlands may perform at a landscape level.  These 7 
eight functions are: 1) nutrient removal and transformation, 2) sediment and toxicant 8 
retention, 3) shoreline and bank stabilization, 4) flood flow alteration, 5) groundwater 9 
recharge, 6) nutrient export, 7) aquatic diversity and abundance, and 8) wildlife diversity 10 
and abundance.  Values to society include recreation, water quality enhancement, and flood 11 
control. 12 

3.7.2.1 Wetland Functions 13 
As noted above, wetlands provide a variety of functions and values.  The key wetland 14 
functions that are the focus of this FEIS include fish and wildlife habitat, water quality, and 15 
hydrology.  These functions were chosen because they may be most directly impacted by 16 
timber harvest related activities.  The functions are briefly discussed below. 17 
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Fish and Wildlife Habitat 1 
Wetland and riparian habitats are considered to be among the richest zones for aquatic and 2 
terrestrial organisms (Dodd 1978; Brinson et al. 1981; Kauffman and Krueger 1984).  3 
Because wetland and riparian habitats exhibit an “edge effect” due to overlapping types of 4 
habitats, these areas provide more niches than are provided by any other habitat types.  5 
Eighty-six percent (359 out of 414) of the terrestrial vertebrate species in western 6 
Washington, and 85 percent (320 out of 378) of terrestrial vertebrate species in eastern 7 
Washington utilize wetland and associated riparian habitats for portions of their life needs 8 
(Brown 1985; Thomas 1979).   9 

Wetlands provide habitat or perform functions that contribute to the health of ecosystems 10 
of many anadromous and resident fish species within Washington.  Wetlands are known to 11 
help maintain cool water temperatures, retain sediments, store and desynchronize flood 12 
flows, maintain stream base flows, and provide food and cover for fish (Cederholm and 13 
Scarlett 1981; Beechie et al. 1994; Mitsch and Gosselink 1993; Washington Department of 14 
Ecology 1993b1997). 15 

Water Quality 16 
Wetlands can improve water quality through nutrient removal and transformation 17 
(Hammer 1989).  For example, wetlands can remove nitrate and phosphorus from 18 
agricultural runoff.  Nutrient-rich sediments may also become trapped and removed from 19 
the water.  Wetlands can also remove toxic chemicals, such as pesticides, heavy metals, or 20 
excess nutrients from water (Mitsch and Gosselink 1993).  Wetlands can reduce shoreline 21 
and bank erosion by binding soil substrates in wetland plant roots.  Thus, wetlands protect 22 
upland habitats along streams and rivers from erosion, and protect downstream habitats 23 
from sedimentation and pollution.  Wetlands, which discharge cool groundwater, can help 24 
maintain desirable stream temperatures in the summer.  Forested riparian and wetland areas 25 
serve an important role in shading streams from direct solar heating.  Other wetlands, 26 
without cool groundwater discharge, may be a source of warmer water to stream 27 
temperatures, but they also provide fish habitat and a source of nutrients.  28 

Hydrology 29 
Headwater riverine and depressional wetlands can delay discharge of peak run-off into 30 
streams and impede passage of overbank flow downstream during storm events, thus 31 
reducing the potential for downstream flooding (Winter 1988; Roth et al. 1993).  32 
Depressional wetlands can help maintain minimum stream base flow by naturally 33 
regulating the release of groundwater discharge into streams and by recharging aquifers 34 
that discharge groundwater to streams (Dinicola 1990; Hidaka 1973; O’Brien 1988; Mitsch 35 
and Gossselink 1993). 36 

3.7.2.2 Historic/Current Wetland Protection 37 
Wetlands are subject to regulation under Sections 401 and 404 of the Clean Water Act.  38 
Discharge into wetlands may also be regulated under Section 402 of the Clean Water Act.  39 
Exemptions granted under Section 404(f)(1) allow for normal agricultural, ranching, and 40 
silvicultural activities, as well as maintenance of existing drains, farm ponds, and roads.  41 
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The construction or maintenance of forest roads for silvicultural purposes is exempt from 1 
regulation when such roads are constructed and maintained in accordance with BMPs.   2 

On State and private lands in Washington, the Washington Forest Practices Rules provide 3 
wetland resource protection from timber harvest-related activities.  For management 4 
purposes, the Washington Forest Practices Rules recognize two major categories of 5 
wetlands: forested and non-forested.  Non-forested wetlands are divided further into two 6 
classes: Type A (greater than 0.5 acre, with open water) and Type B (other non-forested 7 
wetlands).  The Washington Forest Practices Rules require buffers, termed Wetland 8 
Management Zones, on all Type A wetlands and most Type B wetlands.  Harvest may 9 
occur in forested wetlands; however, harvest methods are limited to low impact harvest or 10 
cable systems.   11 

For Type A wetlands greater than 5 acres in size, an average Wetland Management Zone of 12 
100 feet is required.  For Type A wetlands between 0.5 and 5 acres, a 50-foot average 13 
Wetland Management Zone is required.  For Type B wetlands greater than 5 acres, a 50-14 
foot average Wetland Management Zone is required.  For other wetlands between 0.5 and 5 15 
acres, a 25-foot Wetland Management Zone is required.  Wetlands less than 0.5 acre have 16 
no buffer requirement. 17 

In addition to leaving Wetland Management Zones, there are several other harvest 18 
restrictions around non-forested wetlands.  For example, individual trees and small patches 19 
of forested wetlands (0.5 acre) cannot be harvested if surrounded by a Type A or Type B 20 
wetland.  Harvest of upland areas or large forested wetlands require a plan approved by 21 
Washington DNR if they are surrounded by Type A or Type B wetlands.  Additionally, 22 
timber cannot be felled into or cable-yarded across a Type A or Type B wetland without 23 
prior approval by Washington DNR.  24 

3.7.2.3 Historic and Current Conditions of Wetlands 25 
Since the time of colonization, Washington State has lost between 30 to 50 percent of its 26 
wetlands (USFWS 1999).  Additionally, the functions of existing wetlands have been 27 
reduced.  Various factors have contributed to wetland loss and wetland function reduction 28 
including agriculture development, urbanization, timber harvest, road construction, and 29 
other land management activities.  It is difficult to assess the current condition of wetlands 30 
in forested lands across the entire State of Washington.  However, some wetlands on lands 31 
subject to Washington Forest Practices Rules have been altered in the past due to timber 32 
harvest and road building.  These actions can impact wetland sites directly through 33 
vegetation alteration, soil compaction, changes in hydrologic regime, and degradation of 34 
water quality; or indirectly through sedimentation from adjacent land management 35 
practices.  Additionally, harvest of trees in or adjacent to wetland sites can impact the 36 
associated microclimate (Brosofske et al. 1997; Chen et al. 1995, 1999).  Other impacts to 37 
wetlands have likely occurred from fires and other natural disturbances. 38 

Washington DNR wetland GIS coverage was used to generate the data reported in Table 3-39 
20.  Overall, approximately 4.4 percent of the forestland base subject to the Washington 40 
Forest Practices Rules evaluated is comprised of wetland habitats, based on this mapping.  41 
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Wetland areas comprise approximately 2 percent of the land base in eastern Washington 1 
and approximately 6 percent in western Washington.   2 

Table 3-20. Approximate Wetland Area as a Percentage of Forested 3 
Ownership, by Region and Wetland Type. 4 

Region Ownership 
Type A 

Wetland (%) 
Type B 

Wetland (%) 
Other Open 
Water (%) 

Forested 
Wetland (%) 

Westside Private Lands 0.7  <0.1  <0.1  5.7  

Eastside Private & State 
Lands 

0.4  <0.1  <0.1  1.2  

Statewide Private and State on 
Sampled lands 

0.6  <0.1  <0.1  3.8  

Note: < = less than 
 

Source: Washington Forest Practices Board 2001a, Section 3.5.2.3, Table 3.5-1.  Based on a random sample of lands subject to 
Washington Forest Practices Rules in each area/ownership category. 
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3.8 FISH AND FISH HABITAT 1 

3.8.1 Introduction 2 
Fish are an important natural resource with both biological and economic significance in 3 
the State of Washington.  In particular, Pacific salmon and trout, as well as other fish 4 
species, are indicators of a properly functioning aquatic ecosystem because they require 5 
cool, clean water, complex channel structures and substrates, and low levels of silt (Bjornn 6 
and Reiser 1991).  In addition, Pacific salmon and trout support economically important 7 
commercial and sport fishing industries, as well as subsistence fishing by many 8 
Washington Indian Tribes.   9 

This section discusses the fish species in Washington and their habitats.  A complete list of 10 
all species that are intended to be “covered” by the FPHCP is provided in Table 1-1.  11 
Chapter 3 of the FPHCP presents life history and status information for all of these species.  12 
Those fish species with the more critical Federal status of “endangered” or “threatened” are 13 
given the most attention within this section; however, other fish species with less critical 14 
Federal or State status are also described.  Further, this section describes important 15 
components of the aquatic environment that fish require and that forest practices may 16 
effect.  These components include water quality, water quantity, channel conditions, LWD, 17 
channel morphology, and fish passage.   18 

The following subsections emphasize the affected environment for fish species on State 19 
and private lands within Washington State, which are regulated by Washington Forest 20 
Practices Rules.  The discussion contains a review of fish distribution and status within the 21 
12 analysis regions defined in subsection 3.1 (Introduction).  This section also contains a 22 
review of important components of the aquatic ecosystem upon which fish rely for 23 
sustaining healthy, well-dispersed populations. 24 

3.8.2 Fish Status in Washington 25 
More than 70 species of freshwater fish are present in the more than 8,000 lakes and 26 
50,000 miles of streams within Washington (Wydoski and Whitney 2003).  Generally, at 27 
least one fish species is found in perennial streams with gradients less than 20 percent 28 
(Fransen et al. 1997).  Occasionally, fish are found in streams with steeper gradients, but 29 
these circumstances are less common.  Land-use practices upstream of fish-bearing waters 30 
can affect downstream fish habitat.  Consequently, the affected environment for fish 31 
includes both fish-bearing and non-fish-bearing streams. 32 

Two of the four goals of the Forest Practices Board for the Washington Statewide Salmon 33 
Recovery Strategy (Washington Forest Practices Board 1999) have special reference to fish 34 
and forestry interactions.  One of the goals is to provide compliance with the Endangered 35 
Species Act (ESA) for aquatic and riparian-dependant species on all lands subject to the 36 
Forest Practices Act.  A second goal is to restore and maintain riparian habitat on these 37 
forestlands to support a harvestable supply of fish.     38 

Notably, NMFS has not listed any Pacific salmon or trout species as threatened or 39 
endangered throughout their entire range, because many populations within the entire range 40 



 
 

 

 

Fish and Fish Habitat Final EIS 

 

Chapter 3  

3-80

 

are considered healthy or at least stable.  Instead, NMFS has listed specific salmon and 1 
trout stocks based upon distinct populations that are “substantially reproductively isolated” 2 
and “represent an important component in the evolutionary legacy of the species” (Waples 3 
1991).  NMFS has termed these populations “Evolutionarily Significant Units.”  4 
Analogously, the USFWS has chosen to use the term “Distinct Population Segments” for 5 
freshwater fish species under its regulatory authority. 6 

Beginning in 1991 with the listing of Snake River sockeye salmon by NMFS, the ESA has 7 
increasingly affected the way government agencies and public and private landowners 8 
conduct business in or near the streams and rivers found in the State.  The rate of new 9 
listings escalated in the late 1990s such that at least one Evolutionarily Significant Unit of 10 
all of the Pacific salmon species, with the exception of pink salmon, have been listed as 11 
threatened or endangered within one or more areas of Washington State (Table 3-21).  In 12 
addition to the Pacific salmon and trout listed by NMFS, the USFWS has listed bull trout 13 
throughout its range in the contiguous United States.  Consequently, there are few areas 14 
within Washington State that do not have at least one listed fish species (Figures 3-4 15 
through 3-9). 16 

3.8.3 Life History of Covered and Affected Fish Species 17 
A basic understanding of the life history and habitat requirements of the various covered 18 
fish species is important for recognizing the type and level of effects that may result from 19 
forest practices.  The life history characteristics can vary substantially in different locations 20 
depending on climate, food supply, stream flow, and other factors (Flosi and Reynolds 21 
1994). 22 

3.8.3.1 Pacific Salmon and Trout - General 23 
The life cycle of anadromous Pacific salmon and trout can be divided into seven distinct 24 
phases or life stages:  upstream migration, spawning, egg incubation, fry emergence, 25 
juvenile rearing, smolt outmigration, and marine rearing.  Two important common 26 
denominators in the life history of Pacific salmon and trout is they all construct redds 27 
(nests) in gravel beds for spawning, and they all include life history forms that exhibit 28 
anadromy.  In other words, spawning occurs in freshwater, followed by migration to the 29 
ocean for feeding and maturation, and finally fish return to their natal sites for completion 30 
of the life cycle.  Four of the salmon and trout species also have life history forms that live 31 
their entire lives in freshwater (i.e., sockeye/kokanee, steelhead/rainbow, cutthroat, and 32 
bull trout).  Several anadromous species demonstrate extremely complex variations in 33 
length of freshwater rearing, use of lake systems, run timing, degree of anadromy, and age 34 
structure.  These variations, in conjunction with geographically separate spawning 35 
populations, have led to the stock concept of salmon management (Larkin 1972).  It is the 36 
demonstration of unique behavioral patterns, physical characteristics, and ultimately 37 
genetic makeup that has made it possible to list any salmon stock within the framework of 38 
the ESA (Nehlsen et al. 1991; Waples 1991). 39 
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Table 3-21. Covered Fish Species with Federal or State Listed Status in Washington State. 

Species Population1/ 
Federal 
Status State Status Distribution 2/ 

Hood Canal Summer–run Threatened Candidate 5 Chum Salmon 
Oncorhynchus keta Columbia River Threatened Candidate 3 

Puget Sound—Strait of Georgia Species of 
Concern 

None 1, 4-7 

Lower Columbia River Candidate None 3 Coho Salmon 
O. kisutch 

Southwest Washington Species of 
Concern 

None 2 

Snake River Endangered Candidate 12 Sockeye Salmon 
O. nerka Ozette Lake Threatened Candidate 1 

Snake R. Fall-run Threatened Candidate 12 
Snake R. Spring/Summer-run Threatened Candidate 12 

Puget Sound Threatened Candidate 4, 5, 7 
Lower Columbia River Threatened Candidate 3, 9 
Upper Willamette R. Threatened Candidate 9 

Chinook Salmon 
O. tshawytscha 

Upper Columbia River Spring-run Endangered Candidate 8 
Upper Columbia River Endangered Candidate 8 

Snake River Threatened Candidate 12 
Lower Columbia River Threatened Candidate 3,9 

Upper Willamette Threatened Candidate 9 

Steelhead Trout 
O. mykiss 

Middle Columbia River Threatened Candidate 9 
Columbia River Threatened Candidate 3, 8-10, 12 Bull Trout 

Salvelinus confluentus Coastal - Puget Sound Threatened Candidate 1, 2, 4, 5, 7 
Coastal Cutthroat 
Trout 
O. clarki clarki 

 Species of 
Concern 

None 1-7 

Westslope Cutthroat 
Trout 
O. clarki clarki 

 Species of 
Concern 

None 8-10, 12 

Interior Redband 
Trout 

 Species of 
Concern 

None 8-10, 12 

Green Sturgeon 
Acipenser medirostris 

 Species of 
Concern 

None 2-5, 7 

Pacific Lamprey 
Lampetra tridentatae 

 Species of 
Concern 

None 1-5, 8, 9, 12 

River Lamprey 
L. ayresi 

 Species of 
Concern 

Candidate 3-5, 7, 9, 12 
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Table 3-21. Covered Fish Species with Federal or State Listed Status in Washington 
State (continued). 

Species Population1/ 
Federal 
Status State Status Distribution 2/ 

Margined Sculpin 
Cottus marginatus 

 Species of 
Concern 

Sensitive 12 

Pygmy Whitefish 
Prosopium coulteri 

 None Sensitive 1, 4, 8-10 

Olympic Mudminnow 
Novumbra hubbsi 

 None Sensitive 1, 2, 4, 5 

Umatilla Dace 
Rhinichthys Uumatilla 

 None Candidate 8-10 

Leopard Dace 
R. falcatus 

 None Candidate 3, 8, 9 

Lake Chub 
Couesius plumbeus 

 None Candidate 10 

Eulachon 
Thaleichthys pacificus 

 None Candidate 1-3, 7 

Mountain Sucker 
Catostomus 
platyrhynchus 

 None Candidate 3, 8, 9, 12 

Salish Sucker 
C. carli 

 None Monitor 4, 5, 7 

Sandroller 
Percopsis 
transmontana 

 None Monitor 3, 8-10, 12 

1/  Populations of Pacific salmon are designated as Evolutionarily Significant Units (ESU) by NMFS.  The USFWS designates threatened and 
endangered population segments as Distinct Population Segments (DPS). 

2/ Numbers indicate EIS Regions where species occurs.  Region:  1 = Olympic Coast; 2 = Southwest; 3 = Lower Columbia; 4 = South Puget 
Sound; 5 = West Puget Sound; 6 = Islands; 7 = North Puget Sound; 8 = Upper Columbia (downstream Grand Coulee); 9 = Mid Columbia; 
10 = Upper Columbia (upstream Grand Coulee); 11 = Columbia Basin; 12 = Snake River. 
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Figure 3-4. Distribution and ESA Status of Chinook Salmon within Washington 1 
State (Source:  Streamnet, http://www.streamnet.org Version 99.1; 2 
NMFS - http://www.nwr.noaa.gov/1salmon/Salmesa).  3 

Figure 3-5. Distribution and ESA Status of Chum Salmon within Washington 4 
State (Source:  Streamnet, http://www.streamnet.org Version 99.1; 5 
NMFS – http://www.nwr.noaa.gov/1salmon/Salmesa). 6 
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Figure 3-6. Distribution and ESA Status of Coho Salmon within Washington  1 
   State (Source:  Streamnet, http://www.streamnet.org Version 99.1;  2 
                      NMFS - http://www.nwr.noaa.gov/1salmon/Salmesa). 3 

Figure 3-7. Distribution of ESA Status of Sockeye Salmon within Washington 4 
State (Source:  Streamnet, http://www.streamnet.org Version 99.1; 5 
NMFS – http://www.nwr.noaa.gov/1salmon/Salmesa). 6 
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 1 
Figure 3-8. Distribution and ESA Status of Steelhead within Washington State 2 

(Source: Streamnet, http://www.streamnet.org Version 99.1; NMFS - 3 
http://www.nwr.noaa.gov/1salmon/Salmesa). 4 

Figure 3-9. Distribution and ESA Status of Bull Trout within Washington State 5 
(Source: Streamnet 2002, http://www.streamnet.org; USFWS Draft 6 
Recovery Plan 2004b). 7 
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One commonly recognized variation in life history traits for Pacific salmon and steelhead 1 
is run timing.  The seasonal stock distinctions are based upon the date individual stocks of 2 
maturing adults enter freshwater.  For example, chinook salmon are often divided into 3 
“spring,” “summer,” and “fall” runs, while steelhead stocks are divided into “winter” and 4 
“summer” runs.  Sockeye usually do not have multiple distinct runs and the seasonal 5 
descriptor is often omitted.  Most pink salmon in the Puget Sound Region enter freshwater 6 
during the fall while sockeye salmon runs peak in early July.  Chum salmon exhibit 7 
summer, fall, and winter run timing.   8 

Additional stock and species-specific variability is demonstrated in the duration of 9 
freshwater rearing and the type of habitat that is utilized.  Spring chinook salmon, coho 10 
salmon, and steelhead juveniles typically spend 1 or 2 years rearing in streams prior to 11 
outmigration.  Similarly, sockeye salmon usually spend a year rearing in a lake prior to 12 
outmigration.  In contrast, ocean-type chinook and chum, and pink salmon outmigrate to 13 
the ocean as fry.  Chum salmon usually complete their outmigration shortly after 14 
emergence (Wydoski and Whitney 2003), while fall chinook may have a protracted 15 
outmigration period that occurs throughout the summer (Dawley et al. 1986).  While most 16 
summer/fall chinook outmigrate during their first year, a small proportion overwinter in 17 
freshwater and then migrate as yearlings the following spring.  18 

Bull trout and coastal cutthroat trout also express high variability in migratory behavior 19 
and habitat use.  They have four different migratory forms:  anadromous, adfluvial, fluvial, 20 
and resident.  Adfluvial stocks rear in lake systems, but migrate to tributary streams for 21 
spawning.  Fluvial stocks rear entirely in larger streams or rivers, but have lengthy 22 
migrations between headwater spawning and rearing areas.  Other trout subspecies such as 23 
westslope cutthroat and redband trout are solely resident and do not exhibit anadromy.  24 
Though resident stocks demonstrate little “migratory” behavior (compared with 25 
anadromous fish), connectivity is critical throughout their specific habitat ranges in order 26 
to fulfill all of their life history needs (i.e., spawning, rearing, foraging, escaping extreme 27 
environmental fluctuations, and recolonization after habitat disturbance). 28 

For freshwater spawning and rearing, salmon and trout (as well as other freshwater fish 29 
species) have life-stage and species-specific habitat requirements.  Important components 30 
to spawning habitat include substrate size, water depth, and water velocity (Bjornn and 31 
Reiser 1991).  In general, the larger species utilize larger substrates and deeper and faster 32 
water (0.5 to 4 in. [1.3 to 10.2 cm], greater than 9 in. [24 cm] depth, 1.1 to 3.6 ft/sec [32 to 33 
109 cm/sec] velocity) (Bjornn and Reiser 1991).  Tail-outs to pools (the downstream end 34 
where the pool changes to a riffle) that meet criteria for these features are generally 35 
considered optimal spawning areas for salmonids because stream morphology maximizes 36 
the passage of oxygenated water through redds.  Chums commonly utilize spring or 37 
groundwater upwelling areas for spawning (Salo 1991).  However, runs, riffles, and 38 
groundwater or spring upwelling zones along lakeshores and intertidal sloughs are also 39 
utilized during spawning.  Redd building is important for three principal reasons (Chapman 40 
1988): 1) redds provide physical protection to eggs during periods when they are extremely 41 
fragile; 2) redd digging removes a portion of the fines and sands deleterious to egg 42 
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survival; and 3) redd construction and morphology enhances the passage of water through 1 
the egg pockets. 2 

Following emergence from the redd, salmon and trout fry typically utilize shallow and 3 
slow moving areas of a stream (Bjornn and Reiser 1991).  Optimal depths and velocities 4 
increase as the fish grow, but preferred areas are usually associated with some form of 5 
cover, usually pools with LWD or boulders, or with faster water areas.  Differences among 6 
the species are apparent in the degree of flexibility for utilizing riffles, runs, and other 7 
habitat features.  Stream dwelling juvenile salmonids are typically territorial and exhibit a 8 
dominance hierarchy among individuals and species.  Drifting insect larvae and benthic 9 
macroinvertebrates account for the majority of food items eaten by juvenile salmon and 10 
trout within streams.  In contrast to the typical stream dweller, sockeye fry migrate to a 11 
lake shortly after emergence where shallow nearshore (or littoral) areas are preferred 12 
habitat.  As sockeye fry grow, they begin to move offshore and have a characteristic 13 
diurnal vertical migration timed for utilization of zooplankton food sources (Bjornn and 14 
Reiser 1991; Burgner 1968; Groot and Margolis 1991; Wydoski and Whitney 2003). 15 

Riparian areas have distinctive resource values and characteristics that are critical to 16 
salmonid production (FEMAT 1993).  Riparian vegetation is important for maintaining 17 
streambank and floodplain integrity.  The vegetation slows water velocity on the floodplain 18 
and roots inhibit erosion along streams and riverbanks, which reduces sediment deposition 19 
in streams.  Riparian vegetation also helps to provide shade (important for the maintenance 20 
of stream temperatures), leaf, and needle litter important to aquatic food chains and LWD 21 
(FEMAT 1993).  Riparian vegetation and LWD also traps and retains salmon carcasses, an 22 
important source of marine-derived nitrogen (Bilby et al. 1996). 23 

In general, the marine phase of salmonid life history is not well understood.  Only recently 24 
have ocean environmental conditions been considered an important factor in the 25 
management of salmon resources (Bisbal and McConnaha 1999).  Historically, the ocean 26 
was assumed an unlimited resource for salmon production, but this assumption is now 27 
being widely questioned.  Forest practices are likely to have very minimal direct effects on 28 
anadromous fish once they are in the marine environment, since many other factors such as 29 
tides, currents, nutrients, marine food sources, marine predators, become paramount in 30 
their growth and survival.  However, forest practices may affect woody debris and 31 
sediment composition and supply in estuarine and nearshore environments, which have the 32 
potential to affect rearing and migratory life stages (Simenstad et al 2003; Maser and 33 
Sedell 1994; Washington Department of Fish and Wildlife 1997; Collins et al. 2002).   34 

The following subsections provide a life history for each of the covered species considered 35 
in this FEIS, beginning with those species having federally listed status.  See FPHCP 36 
Chapter 4 (Life History, Status, Distribution and Factors Affecting Covered Species) for 37 
additional descriptions of species characteristics. 38 

Chum Salmon 39 
Within Washington State, two populations of chum salmon are federally listed as 40 
threatened (i.e., Hood Canal summer chum and Columbia River chum).  Chum salmon, 41 
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also known as dog salmon and/or calico salmon, are distinguished by the reddish purple 1 
vertical markings along the sides of spawning adults.  In the Pacific Northwest, freshwater 2 
migration is typically short (less than 50 miles).  Chum salmon utilize the low gradient (0 3 
to 8 percent) reaches of the stream, sometimes tidally influenced, for spawning, but the 4 
nearshore and estuarine areas are known to be early rearing areas for many salmonid 5 
species (Groot and Margolis 1991; Wydoski and Whitney 2003).  The estuarine area is a 6 
transition zone for acclimation from fresh to marine water and commonly a feeding area 7 
for early stages of many fish.  These regions, estuaries and nearshore areas, are also 8 
spawning and rearing areas for many of the baitfish species that are often food sources for 9 
these early and later stages of salmonids.  Chum fry typically spend less than 30 days in  10 
freshwater after emergence but remain in the estuary and nearshore environments as 11 
juveniles, feeding primarily on copepods, tunicates, and euphausids prior to migrating out 12 
to the ocean (Lichatowich 1993).  Chum return to freshwater in 3 to 5 years to spawn and 13 
tend to be group spawners with each female accompanied by one or more males.  Chum 14 
salmon carcasses, as well as the other salmon species, provide a food source for juvenile 15 
salmonids and numerous wildlife species.  The abundance of chum salmon tends to 16 
fluctuate during even/odd cycles, suggesting a possible competitive interaction with pink 17 
salmon, where present in estuary or nearshore habitats (Salo 1991).   18 

Chum salmon have three distinct run times:  summer, fall, and winter (late fall).  Summer 19 
chum begin their upstream migration and spawning during low summer flows in mid-20 
August through mid-October with fry emergence ranging from the beginning of February 21 
through mid-April, depending on water temperatures (Washington Department of Fish and 22 
Wildlife (WDFW) and Point No Point Treaty Tribes 2000).  Fall chum adults enter the 23 
rivers in late October through November, and spawn in November and December.  Winter 24 
chum adults migrate upstream from December through January and spawn from January 25 
through February.  Fall and winter chum fry emerge from the gravels in March and April 26 
and quickly outmigrate to the estuary for rearing (Smith 1999).   27 

Coho Salmon 28 
One population of coho (Lower Columbia River) is a Federal candidate species within 29 
Washington State.  Coho, also known as silver salmon, are distinguished by black spots on 30 
the upper part of the caudal fin and a white mouth.  Coho begin their upstream migration 31 
between September and December, penetrate deep into the upper watersheds, generally 32 
spawn from October through February, and emerge in early March to late July.  Most 33 
juvenile coho remain at least 1 year in freshwater; although recent studies have shown that 34 
some populations spend time in estuaries prior to smoltification.  Those that remain in 35 
freshwater typically spend the summer months rearing in pools or other low-velocity 36 
habitats.  Many juvenile coho migrate to off channel habitats such as wetlands or side 37 
channels, during winter, a strategy that provides protection from severe winter flows.  They 38 
school for a brief period after emerging from gravel, but later disperse and become 39 
aggressive and territorial (Smith 1999).   40 

Streams with more structure (logs/rootwads, boulders, undercut-banks) support more coho, 41 
not only because they provide more territories/usable habitat, but they also provide more 42 
food and cover (Scrivener and Andersen 1982).  There is a positive correlation between 43 
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their primary diet of insect material and the extent the stream is overgrown with vegetation 1 
(Chapman 1965).  During the winter, coho often feed on adult salmonid carcasses (Bilby et 2 
al. 1996).  As coho juveniles grow into yearlings, they become more predatory on other 3 
salmonids.  Coho go through physiological changes preparing for life in salt water, and 4 
migrate to sea in spring (Lichatowich 1993).  They typically spend 2 years at sea and return 5 
as 3-year-old adults.  Coho use estuaries primarily for interim food while they adjust 6 
physiologically to saltwater and then move offshore to deeper waters (Smith 1999). 7 

Sockeye Salmon 8 
Within Washington State, two populations of sockeye salmon are federally listed: Snake 9 
River Sockeye are listed as endangered (they spawn in Redfish Lake, Idaho and migrate 10 
within the Columbia River) and Ozette Lake Sockeye are listed as threatened.  Sockeye, 11 
also known as red salmon, are distinguished as spawning adults by their red bodies and 12 
green heads as well as lack of spots on the back or caudal fin.  Sockeye enter freshwater for 13 
upstream migration during the summer months, spend time resting in deep pools or lakes, 14 
and enter the spawning grounds when ready to spawn.  Sockeye are unique in that they 15 
exhibit three life history strategies:  one type spawns in rivers but rears in lakes for 1 to 16 
3 years to complete their freshwater life cycle prior to migrating out to sea (lacustrine-17 
adfluvial); one type spawns along lake shores and rears in lakes for 1 to 3 years prior to 18 
migrating out to sea (lacustrine); and one less common type spawns and rears in rivers and 19 
streams (fluvial).   20 

Incubation time varies from 50 days to 5 months, depending on water temperature.  After 21 
emerging, lake-rearing fry find their way to a nursery lake, where they feed on insects, 22 
larvae, and copepods.  Juvenile sockeye spend up to 3 years in freshwater prior to 23 
smoltification in spring; although some populations outmigrate immediately upon 24 
emergence and others may remain in freshwater for their entire lives (e.g., kokanee).  25 
Migrating sockeye juveniles remain within the estuarine/nearshore environment throughout 26 
the summer, feeding on insects, crustaceans, and small fish and their larvae.  Sockeye grow 27 
and develop for 2 to 4 years in the ocean prior to returning to their natal stream to spawn 28 
(Wydoski and Whitney 2003). 29 

Chinook Salmon   30 
Within Washington State, Upper Columbia spring chinook salmon are federally listed as 31 
endangered.  Chinook in the Snake River, Puget Sound, Lower Columbia River, and upper 32 
Willamette River are listed as threatened.  Chinook salmon, also known as king salmon, 33 
are distinguished as adults by black spots on both lobes of the caudal fin and black gums 34 
along the lower jaw.  At maturity (4 to 5 years average), chinook seek out spawning 35 
grounds, which can extend from just above tidal influence to as far as 1,200 miles upstream 36 
(Wydoski and Whitney 2003).  Spawning habitat preferences include deeper water and 37 
larger gravels than for most other salmon (Healey 1991).   38 

Run timing, when adults return to the freshwater to spawn, can occur during spring, 39 
summer, or fall, depending upon particular stock and river system.  Spring chinook adults 40 
begin river entry in May or early June and spawn from July through September, typically 41 
in headwater areas with higher gradient habitat.  Incubation continues through autumn and 42 
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winter, generally requiring additional development time due to the colder water 1 
temperatures of the headwaters.  Adult summer chinook begin river entry as early as June 2 
and spawn from September through October.  Fall chinook stocks range in spawn timing 3 
from late September though December.  Chinook juveniles incubate in the gravel until 4 
January through early March.  After emerging from the gravel, juveniles rear in fresh water 5 
from a couple of months to a couple of years.  Outmigration of smolts to the marine 6 
environment occurs over a broad period, typically January through August (Smith 1999).  7 
Time is spent within estuarine and nearshore environments prior to entering the ocean.    8 

While some emerging chinook fry outmigrate quickly, most inhabit the shallow side 9 
margins and side sloughs for up to two months.  At this time, some gradually move into the 10 
faster water areas of the stream and/or disperse into tributaries for rearing, while others 11 
outmigrate to the estuary.  Most summer and fall chinook outmigrate within their first year 12 
of life, but a portion of some stocks remain in the river an additional year.  Spring chinook 13 
stocks, which rear in colder water and often further upstream, typically rear at least a year 14 
in fresh water (Marshall et al. 1995).  However, for Washington populations, Columbia 15 
River Chinook stocks, other than Hanford Reach fall Chinook salmon and a few others, are 16 
primarily river type (with extended freshwater residence), while coastal and Puget Sound 17 
populations exhibit a variable river and ocean life history (with short-term freshwater 18 
rearing). 19 

Steelhead 20 
Within Washington State, Upper Columbia Steelhead are federally listed as endangered.  21 
Steelhead within the Snake River and Lower and Middle Columbia River, and Upper 22 
Willamette River steelhead are listed as threatened.  Steelhead are distinguished by their 23 
uniform silvery color until darkening toward spawning time.  They are the anadromous 24 
form of rainbow trout.  Unlike Pacific salmon, steelhead may return to sea after spawning 25 
and migrate again to freshwater to spawn again another year.  There are two races of 26 
steelhead:  summer and winter.  While there is some overlap, winter run steelhead typically 27 
enter streams for spawning between November and April, while stream-maturing summer 28 
steelhead enter streams between May and October (Wydoski and Whitney 2003).  Summer 29 
steelhead usually spawn further upstream than winter stocks and dominate inland areas 30 
such as the Columbia Basin.  The coastal streams in western Washington typically support 31 
more winter steelhead populations (Smith 1999). 32 

Steelhead juveniles typically spend 1 to 2 years (rarely 3 years) in fresh water, preferring 33 
riffle areas in the summer and occupying pools during the rest of the year (Wydoski and 34 
Whitney 2003).  During the winter, they often feed on the carcasses of adult salmonids 35 
(Bilby et al. 1996).  Steelhead migrate to sea in the spring, spending up to 4 years in the 36 
open ocean (Wydoski and Whitney 2003), feeding on crustaceans, squid, herring, and other 37 
fish (Lichatowich 1993).   38 

Bull Trout/Dolly Varden 39 
Bull trout are federally listed as threatened throughout their range.  Until 1978, bull trout 40 
and Dolly Varden, both native char, were considered the same species.  They were 41 
eventually separated based on morphometrics, osteological features, and embryological 42 
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development.  Bull trout inhabit both eastern and western Washington State, while Dolly 1 
Varden inhabit only Puget Sound and coastal rivers west of the Cascades.  Bull trout and 2 
Dolly Varden exhibit four life history strategies:  anadromous, adfluvial, fluvial, and 3 
resident.   4 

Anadromous forms move upstream in late summer and early fall to spawn in September 5 
and October, or in November at higher elevations (Wydoski and Whitney 2003).  All types 6 
of bull trout and Dolly Varden prefer clean, cold water (50°F [10 °C]) for spawning 7 
(Oregon Department of Environmental Quality 1995) and even colder water (36 to 39°F [2 8 
to 4 °C]) for incubation (Rieman and McIntyre 1993).  Extended incubation periods (up to 9 
220 days) make bull trout eggs and fry particularly susceptible to increases in fine 10 
sediments (USFWS 1998a).  Fry are typically found in shallow, backwater side channels 11 
and eddies in proximity to instream cover (Pratt 1984), juveniles in interstitial spaces in the 12 
substrate, and subadults in deeper pools in streams or in the deep water of lakes with 13 
temperatures less than 59°F (15 °C) (Pratt 1992).  Bull trout mature at approximately 5 14 
years, typically reproduce in alternate years (Armstrong and Morrow 1980; USFWS 15 
1998a) and live for 12 or more years.  Migratory forms of bull trout (anadromous and 16 
fluvial) are known to move between fresh water and marine water and between natal 17 
(spawning and rearing fresh water) and non-natal (habitat outside of their spawning and 18 
rearing habitat) waters, particularly to find forage and overwinter (USFWS 2004b). 19 

Resident bull trout and Dolly Varden exhibit three life history strategies, each with unique 20 
habitat requirements:  adfluvial, fluvial, and resident.  Adfluvial bull trout rear as juveniles 21 
in tributaries, migrate to lakes where most of their growth occurs, then return to the 22 
tributaries as adults to spawn.  Fluvial bull trout spawning occurs in smaller tributaries with 23 
major growth and maturation occurring in river mainstems.  Resident bull trout complete 24 
all life stages (spawning, rearing, overwintering) in small headwater streams, often 25 
upstream of barriers to other salmonids (USFWS 2004b).   26 

Cutthroat Trout 27 
The coastal sea-run cutthroat trout and the westslope cutthroat trout are two subspecies of 28 
cutthroat trout native to Washington State.  Both subspecies are Federal species of concern.  29 
Only the coastal sea-run cutthroat trout is anadromous, but it also exhibits fluvial, 30 
adfluvial, and resident life history forms.  The westslope cutthroat, which predominately 31 
occurs in major watersheds of eastern Washington, has only fluvial, adfluvial, and resident 32 
life history forms.  33 

Coastal cutthroat trout spawn in the cooler waters of the smallest headwater streams and 34 
tributaries used by any salmonid species, and the young usually remain in these streams 35 
about a year before moving down into larger streams.  They live in these larger streams for 36 
another 2 to 5 years (usually 3) before migrating to the Pacific Ocean (Wydoski and 37 
Whitney 2003).  Some stocks remain as residents of small headwater tributaries, or migrate 38 
only into rivers or lakes (Scott and Crossman 1973).  Sea-run cutthroat do not migrate to 39 
the open ocean; rather, they stay in estuarine habitats near the mouths of their natal streams 40 
for 5 to 8 months of the year.  Upstream migration to freshwater feeding/spawning areas 41 
occurs from late June through March.  Re-entry timing is consistent from year to year 42 
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within streams, but varies widely between streams.  Spawning generally occurs between 1 
December and May in pool tailouts located in streams with low gradient and low flows or 2 
in shallow riffles (Wydoski and Whitney 19792003). 3 

Historically within Washington State, westslope cutthroat were distributed in two adjacent 4 
river basins (Lake Chelan and Methow) in the mid-Columbia River drainage and the 5 
headwaters of the Pend Oreille River in northeastern Washington (Williams 1999 as cited 6 
within Wydoski and Whitney 2003).  However, over the years, hatchery westslope 7 
cutthroat have been introduced throughout eastern Washington as well as a few streams on 8 
the westside of the Cascades.  Genetically pure populations have been identified in various 9 
pristine headwater streams and alpine lakes within eastern Washington; however, 10 
inventories are not complete.  Adfluvial westslope cutthroat spend 1 to 4 years as juveniles 11 
in tributary streams before moving into lakes to rear.  These adult cutthroat move back into 12 
tributaries during high stream flows and spawn between March and July; however, they 13 
return to the lake habitat shortly after spawning.  Fluvial westslope cutthroat move from 14 
tributary streams to mainstem habitat.  Overwintering occurs in deeper pools and beaver 15 
ponds.  The resident life history of westslope cutthroat is similar to that of resident coastal 16 
cutthroat (Wydoski and Whitney 2003). 17 

Interior Redband Trout 18 
Interior redband trout are a Federal species of concern.  Native redband trout are the non-19 
anadromous inland subspecies of rainbow trout.  Although redband trout appear to be 20 
widely distributed within the Columbia River Basin, their status is clouded by the 21 
uncertainty over taxonomic classification within the species and by more than a century of 22 
stocking hatchery rainbow trout and steelhead.  Little published information exists for 23 
redband trout in Washington State.  Oregon status reports have described some life history 24 
traits.  In some basins, fluvial and adfluvial redband trout migrate upstream in the spring 25 
and spawn in their respective basins from April to July depending upon elevation.  Most 26 
resident fish spawn in the spring and summer (Oregon Department of Fish and Wildlife 27 
1999). 28 

3.8.3.2 Green Sturgeon  29 
The green sturgeon is a Federal species of concern.  It is known to spawn in only three 30 
river basins outside of Washington State (Klamath, Rogue, and Sacramento), leaving it 31 
vulnerable to a catastrophic event.  Freshwater habitats used by sturgeon are generally 32 
large and deep.  With the exception of a few landlocked populations, green sturgeon spend 33 
most of their time in marine waters, moving into fresh water only to spawn (Scott and 34 
Crossman 1973; Setter and Brannon 1992).  Physical characteristics of green sturgeon eggs 35 
suggest that the species probably requires cold, clean water for spawning and probably do 36 
not spawn in Washington waters (Moyle et al. 1995).  Green sturgeon have been reported 37 
as far as 140 miles inland in the Columbia River, but are presently restricted to areas below  38 
Bonneville Dam, and are found almost exclusively in the lower 40 miles of the river 39 
(Moyle et al. 1995; Wydoski and Whitney 2003).  The Columbia River estuary and other 40 
coastal Washington estuaries appear to attract concentrations of green sturgeon during late 41 
summer and early fall.  Neither feeding nor spawning occurs in association with these 42 
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concentrations, and there is no information about how much of the population is in these 1 
concentrations each year, or whether this varies (Adams et al. 2002).  2 

3.8.3.3 Pacific and River Lamprey 3 
Pacific and river lamprey are both Federal species of concern.  Pacific lamprey populations 4 
in the upper Columbia and Snake River basins have declined dramatically, likely as a result 5 
of elevated water temperatures, sedimentation of spawning gravels, and barriers to 6 
migration (Close et al. 1995).  Population declines of the Pacific lamprey have prompted 7 
concern for the river lamprey.  In Washington, the Pacific lamprey is found in most large 8 
coastal and Puget Sound rivers and occurs long distances inland in the Columbia, Snake, 9 
and Yakima River systems (Lee et al. 1980; Wydoski and Whitney 2003).  River lamprey 10 
are found in coastal streams and estuaries and inland in the Columbia River to the 11 
Columbia Gorge (Kostow 2002; Wydoski and Whitney 2003).  Both lamprey are 12 
anadromous and parasitic.  Pacific lamprey enter freshwater between July and October.  13 
They gradually move upstream to spawn the following spring (Hart 1973).  Eggs hatch in 2 14 
to 4 weeks (19 days at 59°F [15 °C]); newly hatched ammocoetes (larvae) remain in their 15 
nests for 2 to 3 weeks before drifting downstream and burying themselves in mud at the 16 
bottom of pools, or other areas of soft mud and sand (Hart 1973; Moyle 1976).  Increased 17 
water flows during runoff can also encourage outmigration by washing away the sand and 18 
silt that the larvae require for anchoring themselves to the bottom (Hardisty and Potter 19 
1971).    20 

Little is known regarding the habitat requirements of the river lamprey.  Adults migrate 21 
into deep freshwater habitats in the fall.  They spawn in the winter and spring in clean 22 
gravel areas of small tributaries and die after spawning (Moyle et al. 1995).  Based on 23 
comparisons with other lamprey species, Hart (1973) surmised that river lamprey 24 
ammocoetes (larvae) remain in their natal streams for several years, usually in silt-sand 25 
backwaters and eddies near the bank.   26 

3.8.3.4 Margined Sculpin  27 
Margined sculpin have no Federal listing, but are a Washington State sensitive species.  28 
They are found in the Walla Walla, Touchet, and Tucannon Rivers.  Margined sculpin are 29 
predominantly found in pools and glides but are also observed in riffles.  They prefer small 30 
gravels and silts, avoiding larger gravels and cobble.  They reach an average length of 31 
about 2.5 inches and probably live to be 4 years old.  Spawning occurs in spring under 32 
rocks, rootwads, or logs (Wydoski and Whitney 2003). 33 

3.8.3.5 Pygmy Whitefish  34 
Pygmy whitefish have no Federal listing, but are a Washington State sensitive species.  35 
Pygmy whitefish are members of the trout and salmon family (Salmonidae) and are 36 
typically around 5 to 6 inches in length when mature, reaching a maximum length of about 37 
11 inches.  The pygmy whitefish is a remnant species from the last ice age with a spotty 38 
distribution across northern North America and in the Columbia River drainage in 39 
Washington.  The pygmy whitefish inhabits cold lakes and streams.  Streams inhabited by 40 
pygmy whitefish may be of moderate to swift current and may be silty or clear (Hallock 41 
and Mongillo 1998).  The pygmy whitefish has been eliminated from a minimum of 42 
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40 percent of its range in Washington.  Historically, pygmy whitefish were known to have 1 
occupied 15 lakes in Washington; however, today they are currently found in only 9 2 
(Hallock and Mongillo 1998).  The future of pygmy whitefish populations in Washington 3 
is dependent upon our ability to maintain water quality, spawning habitat, and prevent 4 
introduction of new predator species.  Additionally, pygmy whitefish populations are 5 
especially vulnerable to local extinction because natural reintroduction of new fish is 6 
usually impossible among isolated lake systems.     7 

3.8.3.6 Olympic Mudminnow 8 
Olympic mudminnows have no Federal listing, but are a Washington State sensitive 9 
species.  They are found only in slow-moving streams, wetlands, and ponds with soft mud-10 
bottom substrate, little or no water flow, and abundant aquatic vegetation (Harris 1974; 11 
Mongillo and Hallock 1999; Wydoski and Whitney 2003).  Species distribution is limited 12 
to low gradient, low elevations in the coastal lowlands of the Olympic Peninsula, the rivers 13 
of the Chehalis and lower Deschutes drainages, and south Puget Sound lowlands west of 14 
the Nisqually River (Mongillo and Hallock 1999; Wydoski and Whitney 2003).  The 15 
species is considered vulnerable due to its limited distribution and dependence on healthy 16 
wetland habitat (Mongillo and Hallock 1999).  Wydoski and Whitney (2003) observe that 17 
mudminnows are usually found under overhanging banks or shore vegetation, preferring 18 
areas with low light and brownish water of bogs and swamps.  Meldrim (1968) found a 19 
wide tolerance for temperature extremes and low oxygen levels, but a restricted tolerance 20 
range for salinity and water current.  Adults spawn between November and June (peaking 21 
in April and May) and females deposit eggs amidst clumps of vegetation, to which fry 22 
remain firmly attached for approximately one week after hatching (Meldrim 1968 and 23 
Hagen et al. 1972 in Mongillo and Hallock 1999).   24 

3.8.3.7 Umatilla Dace and Leopard Dace 25 
Neither the Umatilla nor leopard dace have Federal listing status; however, they are both 26 
classified as Washington State candidate species.  Concern for these species is prompted 27 
by their restricted distribution as well as their preference for shallow water, which may 28 
increase their vulnerability to activities that affect water levels (Royal British Columbia 29 
Museum 1995).  Two other species of dace (Longnose and speckled dace) also occur in 30 
Washington State and share many key life history characteristics, such as breeding habitat, 31 
spawning period, and habitat associations of juveniles.  Dace typically occur in shallow 32 
waters with cobble or gravel substrate (Scott and Crossman 1973; Troffe 1999; Wydoski 33 
and Whitney 2003).  Spawning generally occurs from late spring through summer 34 
(Wydoski and Whitney 2003).  Currently, relatively little information is available about the 35 
Umatilla dace.  At one time, this species was considered to be a stable hybrid between 36 
leopard dace and speckled dace and, to date, is not a “recognized species in the United 37 
States by the American Fishery Society.  The taxonomic status is still open to debate” 38 
(Personal Communication, Molly Hallock, Washington Department of Fish and Wildlife, 39 
October 2003).  The Umatilla dace is endemic to the Columbia River basin (Troffe 1999).  40 
In Washington, it is known only from the larger main rivers of the basin, including the 41 
Columbia River at Rock Island Dam and elsewhere in the Columbia River east of the 42 
Cascades (Royal British Columbia Museum 1995). 43 
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The leopard dace is a Columbia River system fish, found west of the Cascade Mountains in 1 
the Lower Columbia and the Cowlitz River system (Personal Communication, Molly 2 
Hallock, Washington Department of Fish and Wildlife, October 2003) as well as in the 3 
Columbia River system east of the Cascade Mountains (Scott and Crossman 1973; 4 
Wydoski and Whitney 2003).   5 

3.8.3.8 Lake Chub 6 
Lake chub have no Federal status, but are a Washington State candidate species.  In 7 
Washington, they are known only from the northeastern part of the State (Wydoski and 8 
Whitney 2003).  Lake chub exhibit a variety of habitat preferences across their range, 9 
living in large rivers at northern latitudes, but using lake habitat when it is available (Isaak 10 
et al. 2003; Scott and Crossman 1973).  In the southern portion of their range, the lake 11 
chub is uncommon in lakes; but whether this represents a habitat preference or is simply 12 
because fewer lakes are available is unknown (Isaak et al. 2003).  The only known 13 
Washington populations are in Cedar Lake in Stevens County (1998 observation) and in 14 
North Fork Beaver Creek in Okanogan County (1999 observation; Personal 15 
Communication, Molly Hallock, Washington Department of Fish and Wildlife, October 16 
2003).  Throughout their range, lake chub are found in clear, cool water with clean cobble 17 
or gravel substrates (Isaak et al. 2003).  Spawning lake chub move into shallow areas along 18 
the margins of streams or lake shores during the spring in water between 55 and 65 °F 19 
(12.8 and 18.3 °C).   20 

3.8.3.9 Eulachon 21 
Eulachon have no Federal status, but are classified as Washington State candidate species.  22 
Eulachon, also known as candlefish, are anadromous with large spawning runs in the 23 
Columbia, Cowlitz, Kalama, Lewis, Sandy, and Nooksack Rivers during late winter.  They 24 
spend most of their lives in the nearshore waters of the Pacific Ocean, migrating only a 25 
short distance upstream to spawn.  They spawn at night in gravel with males preceding the 26 
females in the migration.  Larvae emerge in about 1 month and generally move 27 
immediately out to sea (Wydoski and Whitney 2003). 28 

3.8.3.10 Mountain Sucker and Salish Sucker 29 
Mountain suckers are classified as Washington State candidate species, and Salish suckers 30 
are classified as Washington State monitor species.  Neither species have a Federal listing 31 
status.  In British Columbia, the Salish sucker’s restricted distribution, along with the 32 
effects of habitat degradation and loss, have led to considerable concern that the species 33 
may face extirpation in that part of its range.  Populations in Washington appear to be more 34 
stable, and face fewer threats (British Columbia Ministry of Environmental, Lands, and 35 
Parks 1993).  The mountain sucker is a State candidate species due to its sensitivity to high 36 
stream temperatures, sedimentation of spawning habitat, and/or lack of preferred food 37 
items (Washington Department of Fisheries 1991).  Suckers comprise a family of bottom-38 
dwelling fish in lakes and streams.  The Salish sucker has been documented at Lake 39 
Cushman on the Olympic Peninsula, and in the river systems along east/northeast Puget 40 
Sound (Personal Communication, Molly Hallock, Washington Department of Fish and 41 
Wildlife, October 2003).  The mountain sucker occurs in the Columbia River and its 42 
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tributaries east of the Cascades (Wydoski and Whitney 2003), as well as in the Toutle and 1 
Cowlitz River systems west of the Cascades (Personal Communication, Molly Hallock, 2 
Washington Department of Fish and Wildlife, October 2003).  Suckers spawn over gravel 3 
substrates in riffles during spring and early summer.  Mountain suckers appear to prefer 4 
riffles at the downstream ends of pools.  Fingerling mountain suckers have been found in 5 
small intermittent streams with little discharge and abundant vegetation, and large young 6 
have been associated with weedy side channels or deep pools (Scott and Crossman 1973; 7 
Wydoski and Whitney 2003).   8 

3.8.3.11 Sandroller  9 
The sandroller has no Federal listed status.  However, the sandroller is classified as a 10 
Washington State monitor species, presumably due to its restricted range and the paucity of 11 
information about its life history needs.  The sandroller is a small fish, generally less than 5 12 
inches long, and is one of only two species in the trout-perch family in North America. 13 
These fish appear to be very secretive in behavior, remaining well spaced from other 14 
individuals and are rarely collected in abundance.  In Washington, the sandroller is found 15 
only in the Columbia River system and some of its tributaries, including the Yakima and 16 
Cowlitz Rivers, and up the Snake River into Idaho (Wydoski and Whitney 2003).  This 17 
species has been found in quiet backwaters with cover such as undercut banks, submerged 18 
tree roots, and debris in small streams, but is also found as deep as 71 feet in the Columbia 19 
River (Wydoski and Whitney 2003).  Habitat associations appear to vary with age; young-20 
of-the-year occur primarily in weed bays or waterways adjacent to the main river, while 21 
adults may be associated with eddies behind large boulders, logs, and bridge supports 22 
(Katula 1992).  Page and Burr (1991) describe the sandroller as usually found in sand and 23 
near vegetation.  Spawning may occur on rocky substrates in shallow streams or along the 24 
shallow shores of rivers (Katula 1992).  25 

3.8.4 The Freshwater Aquatic Ecosystem 26 
Natural channels are complex and contain a mixture of habitats differing in depth, velocity, 27 
and cover (Bisson et al. 1987).  They are often formed during storm events with associated 28 
flows that mobilize sediment in the channel bed (Murphy 1995).  The hydrologic regime of 29 
a watershed, combined with its geology, hillslope characteristics, and riparian vegetation 30 
determines the nature of stream channel morphology (e.g., number and spacing of pools 31 
and width-to-depth ratio) (Beschta et al. 1995; Sullivan et al. 1987).  Therefore, activities 32 
in these areas would be expected to affect the shape and form of the stream channel.  For 33 
example, substantial increases in volume and frequency of peak flows can cause streambed 34 
scour and bank erosion.  A large sediment supply may cause aggradation (i.e., filling and 35 
raising the streambed level by sediment deposition) and widening of the stream channel, 36 
pool filling, and a reduction in gravel quality (Madej 1982).  Upslope activities (e.g., 37 
timber harvest, land clearing, and road development) can change channel morphology by 38 
altering the amount of sediment or water contributed to the streams.  This, in turn, can 39 
disrupt the balance of sediment input and removal in a stream (Sullivan et al. 1987). 40 

Stream habitat conditions in Washington are affected by a wide range of factors, including 41 
geophysical changes (e.g., volcanic eruptions, earthquakes, and associated uplifting), 42 
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extremes of flow (e.g., flooding and low flow), existing geological conditions (e.g., 1 
erodible soils), and land-use practices (e.g., timber harvest, grazing, urban development, 2 
road construction and operation, and gravel mining).  The effects of these combined factors 3 
result in the existing stream habitat conditions. 4 

Streams that lack a balance between pools and riffles are often less productive than streams 5 
that have more complex structure.  Pools are used as holding and resting areas for adult 6 
fish prior to spawning, deep water cover for protection, and cool water refugia during low 7 
flow summer months.  Riffles are important for re-oxygenation of water, habitat for food 8 
organisms such as aquatic macroinvertebrates, and as rearing areas for fish (Gregory and 9 
Bisson 1997).  Intensive timber harvest has been reported to decrease pool depth, surface 10 
area, and the general diversity of pool character (Ralph et al. 1994).  Possible mechanisms 11 
include decreased occurrence of LWD (which can help form and stabilize pools) and filling 12 
of remaining pools with bed material. 13 

Attempts that have been made to define a range of optimum pool-to-riffle ratios for a 14 
properly functioning system have been described in the literature (NMFS 1996b; USFWS 15 
1998a).  However, applying these values to field conditions would require considering site-16 
specific characteristics such as existing LWD, stream gradient, bank characteristics, 17 
sediment load, bed material (e.g., bedrock and boulders), and other watershed factors such 18 
as hydrologic conditions (Murphy 1995). 19 

The following describes components of the freshwater aquatic ecosystem that are 20 
influenced by forest practices.  These include coarse sediment, fine sediment, hydrology, 21 
LWD, leaf/needle litter recruitment, floodplains and off-channel features, water 22 
temperature, dissolved oxygen, forest chemicals (contaminants), and fish passage.  23 

3.8.4.1 Coarse Sediment 24 
A certain amount of bedload material is necessary to provide substrate for cover and 25 
spawning habitat for fish.  For example, anadromous salmon typically use gravels ranging 26 
from 0.5 to 4 inches (12.7 to 101.6 mm), whereas steelhead and resident trout may use 27 
smaller substrates ranging from 0.25 to 4 inches (6.4 to 101.6 mm) (Bjornn and Reiser 28 
1991).  Increased levels of coarse sediment bedload above background levels can, 29 
however, lead to streambank instability, pool filling, and changes in the water transport 30 
capacity of the channel (Spence et al. 1996).  The larger the sediment size, the higher the 31 
flow that is required to mobilize sediment.  Consequently, the recovery periods for streams 32 
with severe coarse sediment aggradation could range from decades to 100 years or more.  33 
The major factors influencing the excessive delivery of sediment to a stream include the 34 
intensity and location of streambank erosion, mass-wasting events, and road and culvert 35 
failures. 36 

3.8.4.2 Fine Sediment 37 
Fine sediment, including sand- and silt-sized particles can reduce stream habitat quality, 38 
restrict sunlight penetration, and fill pores between the gravel, thus preventing the flow of 39 
oxygen-rich water to fish eggs that may be deposited in the gravel.  In laboratory studies, a 40 
substrate containing 20 percent fines was found to reduce emergence success of young 41 
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salmon and trout by 30 to 40 percent (Phillips et al. 1975; MacDonald et al. 1991).  1 
According to study results and summaries from Peterson et al. (1992) and Chapman 2 
(1988), survival of salmonid eggs is highest in substrates that contain less than 11 to 3 
16 percent particles within the fine sediment category. 4 

Fine sediments may clog pores or breathing surfaces of aquatic insects, physically smother 5 
them, or decrease available habitat (Spence et al. 1996; Nuttall and Bielby 1973; Bjornn et 6 
al. 1974; Cederholm et al. 1978; Rand and Petrocelli 1985).  In general, the larger the 7 
gravel size and more complex the substrate, the more diverse the invertebrate fauna (Hynes 8 
1970).  Important factors influencing the excessive delivery of fine sediment to a stream 9 
include the presence of adequate streamside vegetation to filter fine sediment derived from 10 
hillslopes and road surface erosion (subsection 3.4, Geology, Soils, and Erosion; 11 
subsection 3.5, Water Resources; and subsection 3.7, Riparian and Wetland Processes).  12 
Also, fine sediment is usually present with coarse sediment delivery processes described 13 
above. 14 

Biological effects of increased turbidity due to suspended sediments may include a 15 
decrease in primary productivity of algae and periphyton due to the decrease in light 16 
penetration.  Declines in primary productivity can adversely affect the productivity of 17 
higher trophic levels such as macroinvertebrates and fish (Gregory et al. 1987).  Suspended 18 
sediments can also interfere with feeding behavior or cause gill damage in fish (Hicks et al. 19 
1991).  While most effects of elevated suspended sediment (or turbidity) are negative, in 20 
some cases turbidity enhances juvenile fish cover from predatory fish (Gregory and 21 
Levings 1998).  22 

3.8.4.3 Hydrology 23 
The amount of water provided to aquatic ecosystems at critical times is important for 24 
sustaining fish and other aquatic species.  Fish adapt to natural flow cycles for feeding, 25 
spawning, migration, and survival needs.  The timing, magnitude, and duration of peak and 26 
low flows must be sufficient to create and maintain riparian and aquatic habitat.  Flows can 27 
be influenced by management activities such as timber harvest and roads (subsection 3.5.2, 28 
Surface Water Quantity).  In general, low- or base-level stream flows that occur during the 29 
late summer often limit habitat and survival for rearing juvenile salmon and trout.  They 30 
can also negatively affect migration and access to habitat and food resources, as well as 31 
disrupting spawning behavior.  Such conditions can occur naturally during this period due 32 
to lack of precipitation.  However, low flows can be exacerbated by water withdrawals, 33 
silting (which can decrease pool depth), and stream widening resulting from unstable 34 
banks. 35 

High winter flows and floods that scour the streambed can be detrimental to eggs or young 36 
fish that may be incubating in the stream gravels (Thorne and Ames 1987).  Both extreme 37 
high and low flow conditions may occur in different regions of the State.  Rain-on-snow 38 
events are a common reason for flooding and streambed scour on the west of the Cascade 39 
Mountains (Harr 1986; Washington Department of Fish and Wildlife 2000;, 40 
http://wdfw.wa.gov/fish/chum/chum-10.htm).  In contrast, the eastside of the State lies in 41 
the rain shadow of the Cascade Mountains (subsection 3.5.2, Surface Water Quantity).  42 
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Consequently, extreme low flows and high water temperatures can be detrimental during 1 
the summertime (Talayco 2002; Northwest Power Planning Council 1986; Haring 2001). 2 

3.8.4.4 Large Woody Debris 3 
LWD is one of the most important components of high quality fish habitat (Marcus et al. 4 
1990).  LWD is the primary channel-forming element in some channel types and affects 5 
many aspects of channel morphology including stream roughness, sediment storage, water 6 
retention, energy dissipation, and fish habitat (Marcus et al. 1990; Lisle 1986; Swanson et 7 
al. 1987); Martin et al. 1998).  Pools formed by stable accumulations of LWD provide 8 
important habitat for rearing salmonids, particularly in winter (Heifetz et al. 1986; Murphy 9 
et al. 1986).  LWD has also been shown to affect macroinvertebrate populations (Naiman 10 
and Bilby 1998).  Macroinvertebrates readily colonize LWD using it as a stable substrate, 11 
and in some cases, as a food resource (Anderson and Sedell 1979).  The value of LWD in 12 
providing aquatic habitat depends on stream size, tree species, and numerous other factors 13 
(subsection 3.7, Riparian and Wetland Processes).  Field studies in old-growth, Douglas-fir 14 
forest streams in coastal Oregon and Washington have shown that the number of woody 15 
debris pieces varies by channel width and size of debris under undisturbed conditions.  For 16 
example, studies by Bilby and Ward (1989) and the Washington Forest Practices Board 17 
(1995) show that the number of LWD pieces decreased with increasing width of a stream; 18 
however, the average diameter, length, and volume of LWD increased.  The type of wood 19 
is an important factor (subsection 3.7.1.1, Riparian Functions).  For example, coniferous 20 
wood (e.g., Douglas-fir or cedar) is more resistant to decay than deciduous wood (e.g., 21 
alder).  Therefore, coniferous wood has a greater longevity in a stream (Cummins et al. 22 
1994 as quoted in Spence et al. 1996). 23 

Past forest management practices often included splash dams and stream cleaning efforts 24 
(Maser and Sedell 1994).  During the last century, splash dams were built to aid in floating 25 
and transporting harvested trees to the mill.  From the 1950s through the 1970s, removal of 26 
LWD from streams was based on the belief that it was detrimental to salmon migration.  27 
Much of the LWD removed from streams was logging slash and debris; however, naturally 28 
occurring LWD was also removed (Personal Communication, Steve Keller, NMFS 29 
[formerly], November 17, 2004).  Both practices, splash dams and stream cleaning, 30 
contributed to major changes in the amount of cover habitat available and often changed 31 
stream habitats to a single, cobble-bed channel lacking pools and LWD, or to bedrock 32 
channels lacking gravel, woody debris, and other channel features (Murphy 1995; Maser 33 
and Sedell 1994).  This decrease in LWD corresponded to a reduction in salmonid use 34 
(House and Boehne 1987).  Due to the time required for streamside trees to grow and 35 
mature to potential LWD, there may be a considerable lag period (e.g., greater than about 36 
50 years and up to 300 years) before additional LWD is contributed to a cleared stream 37 
(Gregory and Bisson 1997). 38 

In general, information on LWD must be viewed from the perspective of the timber harvest 39 
activity in the area, historic floods that have removed or redistributed LWD, and the 40 
activities that were performed to actively remove LWD (subsection 3.7.1.1, Riparian 41 
Functions).  Potential LWD recruitment from existing mature or old growth riparian zones 42 
would be anticipated to be higher than younger or recently clearcut areas (subsection 43 
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3.7.1.1, Riparian Functions).  There may be no potential for LWD recruitment in currently 1 
open areas such as prairies and grasslands, which may not develop into forested areas in 2 
the foreseeable future. 3 

LWD enhancement has recently become a more common method for improving stream 4 
reaches lacking wood.  The methods for placing LWD are fairly advanced (Oregon 5 
Department of Forestry and Oregon Department of Fish and Wildlife 1995).  LWD 6 
placement would provide short-term benefits to stream systems providing a more complex 7 
habitat structure, nutrient input, and substrate for invertebrate colonization, all of which 8 
would benefit fish habitat.  These benefits may improve current conditions in many areas 9 
until the natural riparian corridor can regenerate and provide consistent inputs of LWD.   10 

3.8.4.5 The Aquatic Food Chain 11 
The base of the aquatic food chain is supported by the combination of dissolved chemical 12 
nutrients and detrital materials.  The chemical constituents such as nitrogen (usually in the 13 
form of nitrates and nitrites), phosphorus, and carbon can be derived from the breakdown 14 
of detritus and through leaching and runoff from surrounding soils (Gregory et al. 1987).  15 
Many bacterial and macroinvertebrate species rely directly on detrital material from leaf 16 
and needle litter, branches, and stems from the surrounding riparian zone vegetation.  17 
Some estimates indicate that leaf and needle recruitment may provide up to 60 percent of 18 
the total energy input to stream communities (Richardson 1992).  Other macroinvertebrate 19 
species rely on aquatic algae that primarily use dissolved chemical nutrients and require 20 
solar radiation.  In streams containing spawning habitat for Pacific salmon, substantial 21 
influxes of nutrients from the marine environment occur during the decomposition of 22 
carcasses (Bilby et al. 1996). 23 

The abundance and diversity of macroinvertebrate food sources to salmonids is dependent 24 
upon the primary algae and detrital food sources.  Forest harvest activities affect the food 25 
chain by changing the relative macroinvertebrate production between herbivores and 26 
detritivores (Gregory et al. 1987).  The magnitude and duration of the change is dependent 27 
upon a variety of factors, including stream size, gradient, location (headwater versus 28 
mainstem), and the type of riparian vegetation and management prescriptions.  Gregory et 29 
al. (1987) suggest that tree harvest in riparian areas initially leads to higher total 30 
invertebrate abundance, but fewer invertebrate species, and that recovery of the 31 
macroinvertebrate community occurs over periods similar to recovery of riparian zones.   32 

Bilby and Bisson (1992) observed higher summer production of coho fry in a stream 33 
flowing through a clearcut area relative to a nearby stream reach in an old-growth riparian 34 
stand.  However, no differences in coho production were present during fall censuses, and 35 
the high summer fish production was attributed to high algae production (Bilby and Bisson 36 
1992).  Bilby and Bisson (1992) and Spence et al. (1996) have noted that other changes in 37 
habitat features (e.g., numbers of pools) required by yearling and adult fish could likely 38 
offset any increases in sub-yearling production.  Gregory et al. (1987) argued that short-39 
term higher fish productivity might occur downstream of timber harvest units in some 40 
areas, but at the expense of long-term stability in the overall abundance and diversity of the 41 
aquatic community.    42 
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3.8.4.6 Floodplains, Off-Channel Habitats, and Hyporheic Zones 1 
Floodplains and off-channel areas are an important component of aquatic habitat that 2 
includes side channels, backwater alcoves, ponds, and wetlands.  They provide important 3 
habitat seasonally to particular life stages as well as input of organic matter and LWD.  4 
Seasonally flooded channels and ponds are particularly important for rearing coho salmon 5 
and other fish species during winter months.  Large floodplains can also function as filters 6 
for subsurface flows and maintenance of water quality (Gregory and Bisson 1997).  Some 7 
backwater alcoves and ponds result from groundwater seeps and may have shade levels 8 
higher than the main channel.  These areas provide cool water refugia during high 9 
summertime temperatures.  Major floodplains in the planning area generally are located in 10 
the lowest reaches of major rivers.  Beavers can play a substantial role in the development 11 
of ponds and wetlands important as habitat for salmon and trout, particularly for juvenile 12 
coho salmon (Cederholm et al. 2001; Pollock et al. 2001). 13 

Hyporheic zones (the saturated sediment region under and along streams) are often the 14 
connections between groundwater and surface water in these habitat areas and often supply 15 
substantial habitat for hyporheic organisms such as insects, bacteria, and fungi (Edwards 16 
1998; Naiman et al. 2000).  The presence of a hyporheic zone is most often associated with 17 
the alluvium below the stream and in the floodplain adjacent to streams.  Nutrients and 18 
organic matter is processed in this zone by bacteria and other organisms (e.g., 19 
invertebrates, specialize insects, and crustaceans) (Boulton et al. 1998).  Where this water 20 
surfaces it may be high in nutrients producing locally high primary production areas 21 
(Edwards 1998; Boulton et al. 1998).  The overall exchange of organisms and effects on 22 
stream production is not well known, and in most systems may be relatively minor; 23 
however, it could be more important in some floodplain habitats (Boulton et al. 1998).  In 24 
dry summer months or during floods this zone may provide a refuge for some aquatic 25 
organisms (Boulton et al. 1998).  Substrate porosity may affect its function and size, but 26 
the relationship is not clear (Boulton et al. 1998). 27 

3.8.4.7 Water Temperature 28 
Water temperature plays an integral role in the biological productivity of streams.  Water 29 
temperature fluctuations and their relationship to dissolved oxygen can affect all aspects of 30 
salmon and trout life histories in fresh water including: 31 

• incubation and egg survival in stream gravel; 32 
• emergence, feeding, and growth of fry and juvenile fish; 33 
• outmigration of young fish; 34 
• adult migration, holding and resting; and 35 
• prespawning and spawning activities. 36 

A rise in temperature increases the metabolic rate of aquatic species.  Consequently, more 37 
energy is required, even during periods of low activity.  In addition, dissolved oxygen 38 
decreases as water temperature increases, potentially increasing stress on fish.  Water 39 
temperatures in the range of 70°F (21°C) or greater can cause death in cold-water species 40 
such as salmon and trout within hours or days (Oregon Department of Environmental 41 
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Quality 1995).  In general, water temperatures of 54 to 59°F (12 to 15°C) have been found 1 
to provide a properly functioning condition for juvenile salmon and trout.  However, bull 2 
trout require much lower temperatures during spawning 39 to 50°F (4 to 10°C) and egg 3 
incubation 34 to 43°F (1 to 6°C) (Oregon Department of Environmental Quality 1995). 4 

Increases in water temperature in forest streams can often be traced to reduction of shade-5 
producing riparian vegetation along fish-bearing and tributary streams that supply water to 6 
other fish-bearing streams.  However, streams also naturally tend to become warmer as 7 
water flows from headwaters to the sea (Sullivan et al. 1990; Zwieniecki and Newton 8 
1999).  This warming occurs as water equilibrates to local environmental conditions 9 
including air temperature, which in turn is highly correlated with elevation.  In addition, 10 
water temperatures can be affected by stream widening, sedimentation/stream depth, 11 
microclimate, groundwater, and other upstream inputs (subsection 3.5.1, Surface Water 12 
Quality).  Long-term sublethal temperature effects as well as short-term acute effects of 13 
warm water temperatures can be detrimental to the overall health of aquatic species.  Heat 14 
stress may accumulate such that increased exposure for juvenile fish increases their 15 
susceptibility to disease (Oregon Department of Environmental Quality 1995). 16 

Shade does not always maximize aquatic productivity.  The availability of instream algae 17 
can be a limiting factor in some streams.  Algae and other sources of organic matter are at 18 
the lowest level of the food chain and important to higher trophic level production such as 19 
fish.  Along with light, nutrients (e.g., nitrogen and phosphorus) are key factors that result 20 
in algae production.  High levels of shade can result in low levels of algae production even 21 
if adequate nutrient sources are present (Gregory et al. 19841987).  Under unmanaged 22 
conditions, forested lands generally have low light and low primary productivity in low 23 
order streams with high canopy cover.  In contrast, primary productivity in wide, high 24 
order streams is generally unaffected by riparian management because adequate light 25 
penetration occurs even under mature riparian conditions (Gregory et al. 19841987). 26 

3.8.4.8 Dissolved Oxygen 27 
Adequate dissolved oxygen levels are important for supporting fish, invertebrates, and 28 
other aquatic life.  Salmonids are particularly sensitive to reduced dissolved oxygen 29 
(Oregon Department of Environmental Quality 1995).  Intergravel dissolved oxygen has 30 
been recognized as crucial to the survival of salmonid embryos.  Intergravel dissolved 31 
oxygen depends on several interrelated factors such as water temperature, surface-water 32 
concentrations, percentage of fine sediment and gravel in pores, and the oxygen demand of 33 
the eggs.  Management-induced depletion of dissolved oxygen in stream water can occur 34 
from harvest activities, such as excessive amounts of logging debris left in a stream that 35 
can result in decreased dissolved oxygen (MacDonald et al. 1991).  Critical levels of 36 
dissolved oxygen also depend on the velocity of the water passing over the eggs, as oxygen 37 
consumption would rapidly reduce oxygen supply to the egg without replenishment 38 
through adequate intergravel flow (velocity).  Therefore, at lower velocities, higher initial 39 
oxygen concentrations are needed for proper egg development (Oregon Department of 40 
Environmental Quality 1995).  Forest management activities can exacerbate any 41 
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intergravel dissolved oxygen problems through increases in fine sediment, which reduce 1 
intergravel water velocity (Bjornn and Reiser 1991; Ringler and Hall 1975; Moring 1975). 2 

3.8.4.9 Forest Chemicals 3 
Water quality contaminants (e.g., petroleum products, chemicals, sewage, heavy metals) 4 
can severely impair aquatic ecosystems either by sublethal (e.g., reduced growth) or lethal 5 
effects (e.g., fish kills).  The water quality contaminants considered here are pesticides 6 
used to prevent tree diseases and to deter other plant species that compete with harvestable 7 
trees for nutrients, space, and light (subsection 3.5.1, Surface Water Quality) (Washington 8 
Forest Practices Board 2001a, Appendix J). 9 

3.8.4.10 Fish Passage 10 
Upstream migration of adult salmon, steelhead, and trout to spawning areas or 11 
redistribution of rearing fish to potential habitat in upstream areas can be impeded or 12 
blocked by a number of different mechanisms.  These mechanisms can include the 13 
following: 14 

• Water Temperature—Elevated water temperatures (e.g., greater than 60°F and 68°F 15 
[15.6°C and 20°C] for coho salmon and fall chinook salmon, respectively) are known 16 
to stop the migration of fish (Bjornn and Reiser 1979). 17 

• Dissolved Oxygen—At least 5 milligrams per liter (mg/l) of dissolved oxygen is 18 
recommended to provide oxygen needs for migrating fish (Bjornn and Reiser 1979).  19 
Decreased oxygen can occur as a result of high water temperatures and oxygen 20 
consumption created by decay of organic debris, chemicals, and respiration. 21 

• Turbidity—High levels of sediment (e.g., 4,000 mg/l) have been reported (Bjornn and 22 
Reiser 1979) as ceasing upstream migration. 23 

• Physical Barriers—High waterfalls or cascades that are beyond the jumping or physical 24 
capabilities of fish can prevent upstream migration.  Similarly, excessive water 25 
velocities that result in conditions beyond the physical capabilities of a given fish 26 
species can also restrict or prevent upstream migration.  The maximum velocity 27 
beyond which coho and chinook salmon cannot successfully move upstream is about 8 28 
feet per second (2.44 meters per second) (Bjornn and Reiser 1979).  Shallow water 29 
depths from conditions such as low flow can impede or prevent passage (e.g., chinook 30 
and coho salmon are generally not successful at upstream migration at water depths 31 
less than about 0.8 feet (0.24 meters) or 0.6 feet (0.18 meters), respectively (Bjornn 32 
and Reiser 1979).  Such conditions can occur during low flow periods where riffles 33 
between pools can become completely dry or lack sufficient depths for fish passage. 34 

• Man-made Barriers—Man-made barriers include features such as dams and stream 35 
crossings (usually culverts, but sometimes bridges as well). 36 

• Streambed Aggradation and Subsurface Flow—Debris flow deposits in fish-bearing 37 
streams have been found to cause fish blockages (Pearce and Watson 1983; Bryant 38 
1983).  High stream bedload accumulations have been found to result in subsurface 39 
flow and isolating stream reaches either inhibiting or delaying passage (Furniss et al.  40 
1991; Hartmaen et al. 19965). 41 
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Stream crossings by forest roads are the most common passage barrier influenced by 1 
Washington Forest Practices Rules.  A Hydraulic Project Approval is needed for the 2 
construction of stream crossings, which are regulated by the WDFW under the Hydraulic 3 
Code (WAC 220-110-070).  Barriers such as culverts used at stream crossings can prevent 4 
passage due to high water velocities, restricted depths, excessive elevation for successful 5 
entry, size and length of the culvert, and other factors.  Similarly, debris jams can prevent 6 
or delay upstream passage (Bjornn and Reiser 1979). 7 

3.8.4.11 Lakes, Reservoirs, and Nearshore Marine Habitats 8 
Lakes and reservoirs provide areas for spawning, early rearing, and growth for many fish 9 
species including salmonids.  They also function as migratory pathways, especially for 10 
adult and juvenile salmon in many lake and reservoirs systems in the State.  The nearshore 11 
environment of lakes and reservoirs depends on riparian areas in many ways that are 12 
similar to streams, relying at least partly on input of LWD from shoreline areas (Harmon et 13 
al. 1986; Christensen et al. 1996) and on terrestrial nutrient input and leaf and litter input as 14 
an aquatic food base (Wetzel 1975).  However, much of the production is based on 15 
autochthonous growth (e.g., algae) within the system, typically much more so than most 16 
flowing water systems (Wetzel 1975).  Nearshore areas are often a sink for nutrients and 17 
organic matter entering from streams and rivers that enter these systems (Washington 18 
Department of Fish and Wildlife 1997).  Temperature and flow conditions in lakes and 19 
reservoirs influence suitability of these environments for various fish species (Washington 20 
Department of Fish and Wildlife 1997).  Habitat structure along shorelines influence 21 
species use, including species that may be predatory to juvenile salmonids (Wedge and 22 
Anderson 1979; Savino and Stein 1989). 23 

Nearshore marine areas have many similarities to that of lakes and reservoirs as they 24 
provide important rearing and migratory areas for many salmonids.  This habitat is also 25 
important for many other marine species includes some of importance as prey for 26 
salmonids (Washington Department of Fish and Wildlife 1997).  The special nearshore 27 
marine habitats, estuaries, are often considered very important for development and growth 28 
of many salmonid species during outmigration (Simenstad et al. 1982, Groot and Margolis 29 
1991).  Some juvenile salmonids may spend more than a month rearing in estuaries prior to 30 
migrating to the open ocean (Washington Department of Fish and Wildlife 1997).  Like 31 
lakes and reservoirs, estuaries are often considered a sink for a variety of upland and 32 
riverine processes.  River flow and transported nutrients, sediment, and other organic 33 
matter including LWD are important to estuaries.  LWD provides structure and nutrients 34 
for marine habitats (Maser and Sedell 1994), although its relative importance and use by 35 
salmonids in these habitats is not clear (Simenstad et al.  2003).  Historically, LWD was 36 
found in great abundance in some Pacific Northwest estuaries, influencing the formation 37 
and distribution of estuarine channels (Collins et al. 2002). 38 

3.8.5 Fish and Fish Habitat by Analysis Region 39 
For the purposes of this analysis, the State has been divided into 12 analysis regions.  The 40 
12 regions are groupings of smaller units known as Washington Resource Inventory Areas 41 
(WRIAs).  The State includes 62 WRIAs, which are primarily divided along major 42 
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drainage areas or combinations of smaller drainage areas and have State surface water 1 
regulatory status (See http://salmon.scc.wa.gov/ for a map of WRIAs).  A map showing the 2 
12 regions along with the land areas covered by Washington Forest Practices Rules is 3 
provided in Figure 3-1.  4 

The analysis regions are listed below, and their fish and fish habitats are summarized in the 5 
following subsections.  They are described in greater detail in DEIS Appendix A. 6 

Western Washington 7 
• North Puget Sound 8 
• South Puget Sound 9 
• West Puget Sound 10 
• Islands 11 
• Olympic Coast 12 
• Southwest 13 
• Lower Columbia 14 

Eastern Washington 15 
• Middle Columbia 16 
• Upper Columbia below Grand Coulee Dam 17 
• Upper Columbia above Grand Coulee Dam 18 
• Snake River 19 
• Columbia Basin 20 

The distribution of the covered fish species and other affected fish species, as well as the 21 
and State and private forestlands that are subject to Washington Forest Practices Rules, 22 
varies within each of the regions (DEIS Appendix A).  In addition, the number and type of 23 
factors that influence the current conditions of the aquatic system and status of the covered 24 
species in each of the regions may be very different.  NMFS sometimes refers to general 25 
factors affecting listed salmonid species as “the four Hs,” which include habitat, harvest, 26 
hatcheries, and hydropower (Federal Caucus 1999; see also 27 
http://www.salmonrecovery.gov/Archive_chronological.shtml).  The Washington Forest 28 
Practices Rules are generally considered to affect only the habitat part of these complex 29 
issues.  In addition, other land-use practices such as agriculture and urbanization can also 30 
have a substantial effect on habitat. 31 

One of the regions, Islands, does not weigh heavily in the analysis for fisheries because 32 
only a relatively small number of streams exist in forested portions of these regions, or 33 
they contain low numbers of fish species.  The following is a short synopsis of the 34 
remaining 11 regions in regards to the fish species present and the components of the four 35 
Hs affecting their ESA status.  Table 3-22 shows the distribution of streams among  36 
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Table 3-22. Percentage of Stream Miles among Forested Ownership Categories 1 
and Non-forest by Analysis Region in Washington State. 2 

Percent of Stream Miles within Analysis Region (%) 

Analysis Region 
Federal 
Forested 

Tribal 
Forested 

State Fish 
and 

Wildlife 
and Parks 
Forested 

Forestlands 
Subject to 

Washington 
Forest 

Practices 
Non-

Forested Total Miles 
North Puget Sound 35 0 0 39 25 28,653 
South Puget Sound 17 0 0 62 20 13,832 
West Puget Sound 29 1 1 54 16 9,114 
Islands 2 0 4 49 46 1,009 
Olympic Coast 30 11 0 50 9 14,959 
Southwest 3 0 0 86 10 28,607 
Lower Columbia 23 0 0 63 14 29,645 
Middle Columbia 19 8 1 20 53 32,878 
Upper Columbia 
(Downstream of 
Grand Coulee Dam) 

36 2 1 11 50 38,869 

Upper Columbia 
(Upstream of Grand 
Coulee Dam) 

24 19 0 31 25 33,917 

Snake River 10 0 1 5 84 19,488 
Columbia Basin 0 0 0 0 99 14,157 
Total State 22 4 0 37 36 265,129 
Source:  Washington DNR Hydrography GIS layer and Major Public Lands GIS layer, 2004; U.S. Geological Survey National 

Land Cover Data GiS layer, 2004. 
 3 

different forest ownership and non-forested categories, including the percentage of all 4 
streams that are subject to Washington Forest Practices Rules in each region.  This 5 
information provides an indication of the type of management approach that might be 6 
prevalent on the waters of each region.  For example, in regions in western Washington 7 
(North, South, and West Puget Sound; Olympic Coast; Southwest; and Lower Columbia), 8 
streams within Federal ownership are managed based upon the Aquatic Conservation 9 
Strategy outlined in the Northwest Forest Plan (USDA Forest Service and USDI Bureau of 10 
Land Management 1994).  11 

In addition, the majority of the Federal lands occur further up the watershed, occupy higher 12 
elevations, and are steeper than the majority of other lands in Table 3-221.  This can be 13 
important from the perspective of sediment production and delivery.  High gradient, non-14 
fish-bearing streams are generally source and transport reaches for sediment; low gradient, 15 
fish-bearing streams are areas of sediment accumulation.  The information provides some 16 
insights on which regions might be most affected by the alternatives described in Chapter 2 17 
(Alternatives).  The information presented below is a summary of the information 18 
presented in DEIS Appendix A.  See these documents for more complete descriptions 19 
along with references for the observations presented. 20 
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3.8.5.1 North Puget Sound 1 
The North Puget Sound Region includes the northeast portion of Puget Sound (WRIAs 1, 2 
3, 4, 5, and 7; see North Puget Sound Region map in DEIS Appendix A), south of the 3 
Canadian border, exclusive of the San Juan and Whidbey Islands (the Islands Region), and 4 
down to the southern border of the Snohomish River System.  Other major river systems 5 
include the Nooksack, Skagit, Sauk, and Stillaguamish.  The Region contains an estimated 6 
28,653 stream miles.   7 

Many of the fish species are present in the North Puget Sound Region.  Chinook and bull 8 
trout are listed as threatened in the Region.  Coho salmon and green sturgeon are species of 9 
concern.  Other fish species with Federal or State listing status include coastal cutthroat, 10 
Pacific lamprey, river lamprey, and Salish sucker.  Each of the four Hs has been cited as 11 
contributing to the listing of one or more of the species.  Hydropower dams and storage 12 
facilities have impacted stream flows, channel morphology, and fish habitat (e.g., Skagit 13 
River, Baker River, Tolt River) (Washington State Conservation Commission 2003).  14 
Various watershed analyses and limiting factors analyses have documented mass wasting 15 
as being one of the most substantial impacts associated with recent forest practices, 16 
primarily from clearcuts and roads (Washington DNR 1993, 1997a, 1997b; Washington 17 
State Conservation Commission 1999a, 2002).  Many of the lowland areas of the Region 18 
are highly urbanized, resulting in loss or degradation of floodplain and off channel habitats, 19 
loss of wetlands, and overall reduction of riparian forests.  This Region is one of the most 20 
heavily populated regions of the State.   21 

About 39 percent of the streams occur on lands subject to the Washington Forest Practices 22 
Rules (Table 3-21).  Federal forest management strategies occur along approximately 35 23 
percent of the streams in the Region.  Almost all of the remaining streams flow through 24 
non-forested lands.  All State lands within the range of the northern spotted owl have been 25 
operating under the State Trust Lands HCP ITP issued by the Services in 1997 26 
(Washington DNR 1997d). 27 

3.8.5.2 South Puget Sound 28 
The South Puget Sound Region wraps around the southeastern and southern edge of Puget 29 
Sound, and includes six WRIAs (8, 9, 10, 11, 12, and 13; see South Puget Sound Region 30 
map in DEIS Appendix A).  Major stream systems include Lake Washington, Cedar River, 31 
Sammamish River, Green River, Duwamish River, Soos Creek, Puyallup River, White 32 
River, Carbon River, Nisqually River, Deschutes River, and South Sound tributaries.  The 33 
Region contains an estimated 13,832 stream miles. 34 

Chinook and bull trout are federally listed as threatened, and coho and green sturgeon are 35 
Federal species of concern.  Other fish species with Federal or State listing status include 36 
coastal cutthroat, Pacific lamprey, river lamprey, pygmy whitefish, Olympic mudminnow, 37 
and Salish sucker.  Each of the four Hs has been cited as contributing to the listing of one 38 
or more of the species.  Hydropower dams and storage facilities have impacted stream 39 
flows, channel morphology and fish habitat (e.g., Cedar River, Green River, White River, 40 
Puyallup River, and Nisqually River) (Hunter 1992).  This Region is the most developed 41 
and heavily populated region of the State.  Managed forestlands are fragmented and sparse 42 
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in the floodplains and lower foothills.  The impact of urban development on nearshore 1 
areas, estuaries, freshwater wetlands, and floodplains is moderate to severe.  Some of the 2 
remaining managed forestlands in the Cascade Range and higher foothills are vulnerable to 3 
landslides (Washington State Conservation Commission 1999b, 2000a, 2001b; Washington 4 
DNR 1996, 1998a, 1998b, 2002).   5 

About 62 percent of streams occur on lands subject to the Washington Forest Practices 6 
Rules (Table 3-22).  Federal forest management strategies occur along approximately 17 7 
percent of the streams.  Almost all of the remaining streams flow through non-forested 8 
lands.  A substantial portion of the State and private forestlands in this Region is currently 9 
managed under HCPs.  All State lands within the range of the northern spotted owl have 10 
been operating under the State Trust Lands HCP since 1997 (Washington DNR 1997d).   11 

3.8.5.3 West Puget Sound 12 
The West Puget Sound Region includes five WRIAs (14, 15, 16, 17, and 18; see West 13 
Puget Sound Region map in DEIS Appendix A).  Major stream systems include the 14 
Skokomish, Duckabush, Dosewalips, Big Quilcene, Elwha, and Dungeness Rivers, as well 15 
as other South Sound and Hood Canal tributaries.  The Region contains an estimated 9,114 16 
stream miles.   17 

Fish species within the Region include bull trout, Hood Canal chum, and chinook, which 18 
are federally listed as threatened; coho, coastal cutthroat, and green sturgeon, which are 19 
Federal species of concern.  Other fish species with Federal or State listing status include 20 
Pacific lamprey, river lamprey, Olympic mudminnow, Salish sucker.  Each of the four Hs 21 
has been cited as contributing to the listing of one or more of the species.  Notably, the two 22 
major hydroelectric dams on the Elwha River have blocked large portions of salmonid 23 
spawning habitat and are scheduled for demolition starting in 2008 24 
(http://www.nps.gov/olym/elwha/home.htm).  Summer irrigation (Dungeness River) and 25 
groundwater withdrawals also contribute to reduced stream flows.   26 

Managed forestlands throughout the Puget Lowlands are becoming increasingly 27 
fragmented by urban development, although some large commercial timber plantations 28 
remain on the western side of the Kitsap Peninsula and in eastern Jefferson County.  29 
However, most of these forestlands in Kitsap and eastern Jefferson Counties have not been 30 
designated under the Growth Management Act as forest resource lands.  Agricultural uses 31 
are common in the floodplains of the area.  Recreational, residential, and limited urban 32 
development has resulted in a substantial impact, especially along the marine shorelines.  33 
Most of the larger rivers drain from the Olympic National Park and U.S. Forest Service 34 
lands; thus, many of the upper watersheds are substantially protected.  However, timber 35 
harvest and the associated forest road construction occurred in some of the high Olympics 36 
in the South Fork Skokomish and Dungeness Basins.  These forest practices were followed 37 
by severe landslide episodes (Bountry et al. 2002; Washington DNR 1997c).  Private and 38 
State commercial timber plantations are present around the fringes of this Federal land and 39 
occupy most of the foothills.   40 
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About 54 percent of streams occur on lands subject to the Washington Forest Practices 1 
Rules (Table 3-22).  Federal forest management strategies occur along approximately 29 2 
percent of the streams.  Almost all of the remaining streams flow through non-forested 3 
lands.  A substantial portion of the State and private forestlands in this Region is currently 4 
managed under HCPs.  All State lands within the range of the northern spotted owl have 5 
been operating under the State Trust Lands HCP since 1997 (Washington DNR 1997d)   6 

3.8.5.4 Olympic Coast 7 
The Olympic Coast Region (WRIAs 19, 20, and 21; see Olympic Coast Region map in 8 
DEIS Appendix A) includes coastal rivers and streams from the north of and including the 9 
Copalis River to the west of, but not including, the Elwha River.  The Region contains an 10 
estimated 14,959 miles of stream.   11 

Many of the covered fish species are present in the Olympic Coast Region.  Bull trout are 12 
listed as threatened throughout the Region, and the Ozette Lake population of sockeye 13 
salmon is listed as threatened.  Other fish species with Federal or State listing status 14 
include coastal cutthroat, Pacific lamprey, pygmy whitefish, and Olympic mudminnow.  Of 15 
the four Hs, habitat appears to be the highest priority factor for bull trout.  Historic timber 16 
harvest, road construction, and forest fires have had substantial impacts on fish habitat.  No 17 
notable hydroelectric facilities are present in the Region, and no hatcheries are stocking 18 
bull trout or sockeye salmon.  However, small diversion dams for agricultural purposes are 19 
present in some watersheds. 20 

About 50 percent of streams occur on lands subject to the Washington Forest Practices 21 
Rules (Table 3-22).  Federal forest management strategies occur along approximately 30 22 
percent of the streams, although a significant portion of these streams are in Olympic 23 
National Park or National Forest wildernesses.  Tribal forest management (on the Makah 24 
and Quinault Indian Reservations) occurs along approximately 11 percent of the streams.  25 
Essentially all of the remaining streams flow through non-forested lands.  A substantial 26 
portion of the State forestlands in this Region is currently managed under an HCP.  All 27 
State lands within the range of the northern spotted owl have been operating under the 28 
State Trust Lands HCP since 1997 (Washington DNR 1997d).   29 

3.8.5.5 Southwest 30 
The Southwest Region (WRIAs 22, 23, and 24; see Southwest Region map in DEIS 31 
Appendix A) includes coastal rivers and streams north of the Columbia River to the Grays 32 
Harbor drainage.  The Region contains an estimated 28,607 miles of stream.   33 

Many covered species are present in this Region.  Bull trout are listed as a threatened 34 
species.  Other fish species with Federal or State listing status include coastal cutthroat, 35 
Pacific lamprey, and Olympic mudminnow.  Similar to the Olympic Coast Region, habitat 36 
degradation appears to be the leading factor influencing listing of species in the Region.  37 
Fine sediment is the key limiting factor in much of the coastal hill drainages (DEIS 38 
Appendix A).  Landslides and unpaved roads are both substantial contributors.  The coastal 39 
foothills are one of the most landslide sensitive areas of the State.  Urbanization and 40 
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agricultural development have impacted the Chehalis Valley and, to a lesser degree, the 1 
small coastal valleys (DEIS Appendix A). 2 

Streams in the Region are substantially influenced by the Washington Forest Practices 3 
Rules; about 86 percent of them are on State, private, and other lands that are subject to 4 
Washington Forest Practices Rules.  Federal management strategies have only a minor 5 
influence on streams in the Region with only 3 percent under Federal management.  6 
Essentially all the remaining lands flow through non-forested lands.  State lands in the 7 
Region are covered by the State Trust Lands HCP (Washington DNR 1997d).  8 

3.8.5.6 Lower Columbia River 9 
The Lower Columbia Region (WRIAs 25, 26, 27, 28; see Lower Columbia River Region 10 
map in DEIS Appendix A) includes the Columbia River and rivers and streams that drain 11 
from Washington into the Columbia River from its mouth to streams west of (but exclusive 12 
of) Rock Creek.  The Region contains an estimated 29,645 stream miles.   13 

Many of the covered species are present in this Region.  Sockeye do not spawn or rear in 14 
the Region, but use the mainstem Columbia River as a migration corridor, as do Oregon 15 
chinook and steelhead stocks.  Chinook salmon, chum salmon, and steelhead are listed as 16 
threatened in the Region and found downstream of Mossyrock Dam and Merwin Dam on 17 
the Cowlitz River and Lewis River, respectively.  Bull trout are listed as threatened 18 
throughout the Region.  Coho salmon and green sturgeon are candidate species.  Other fish 19 
species with Federal or State listing status include coastal cutthroat, Pacific lamprey, river 20 
lamprey, leopard dace, mountain sucker, sandroller.  Each of the four Hs has been cited as 21 
contributing to the listing of one or more of the species.  Hydropower development is one 22 
of the largest impacts to salmonid habitat in the Lower Columbia Region (DEIS Appendix 23 
A).  Construction of dams on the Cowlitz and Lewis Rivers has removed hundreds of 24 
stream miles from anadromous fish access (Washington State Conservation Commission 25 
2000b, 2000c).  The May 1980 eruption of Mount St. Helens had major impacts to riparian 26 
zones and channels of the Cowlitz and Toutle Rivers.  Fine sediment is one of the key 27 
limiting factors in the coastal hills and many of the Cascade foothills and mountains, 28 
contributed substantially by landslides and unpaved roads (DEIS Appendix A).  29 
Urbanization and agricultural development has impacted most of the larger valleys, 30 
especially Cowlitz Valley and eastern Clark County (Washington State Conservative 31 
Commission 2000b, 2000c). 32 

About 63 percent of streams occur on lands subject to the Washington Forest Practices 33 
Rules (Table 3-22).  Federal forest management strategies occur along approximately 23 34 
percent of the streams.  Almost all of the remaining streams flow through non-forested 35 
lands.  State lands in the Region are covered by the State Trust Lands HCP (Washington 36 
DNR 1997d).   37 

3.8.5.7 Middle Columbia River 38 
The Middle Columbia Region (WRIAs 29, 30, 31, 37, 38, and 39; see Middle Columbia 39 
River Region map in DEIS Appendix A) includes rivers and streams that drain from 40 
Washington State to the Columbia River from Rock Creek through the Yakima River, not 41 
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including the Snake and Walla Walla Rivers.  The Region contains an estimated 32,878 1 
miles of stream.   2 

Many of the covered species are present in this Region.  Sockeye do not spawn or rear in 3 
the Region, but use the mainstem Columbia River as a migration corridor.  Chinook, 4 
steelhead, and bull trout are listed as threatened.  Other fish species with Federal or State 5 
listing status include cutthroat, Pacific lamprey, river lamprey, pygmy whitefish, leopard 6 
dace, Umatilla dace, mountain sucker, and sandroller.  Each of the four Hs has been cited 7 
as contributing to the listing of one or more of the species.  Primary limiting factors for fish 8 
and associated habitats within the Region are generally a result of hydropower, water 9 
storage, logging, farming, grazing, urban and suburban development, irrigation, 10 
transportation, and industrial or nuclear development.  Irrigation and hydropower 11 
development have had some of the largest effects within much of this Region (Harding 12 
2001; Washington State Conservation Commission 1999c).  Hydropower and irrigation 13 
storage reservoirs have reduced or eliminated up and downstream fish passage on the 14 
mainstem Columbia and headwater areas.  Irrigation reservoirs and diversions have 15 
affected passage in tributaries by altering seasonal patterns or reducing instream flow, 16 
which affects habitat and influences water quality conditions in much of the Region (DEIS 17 
Appendix A). 18 

About 20 percent of streams occur on lands subject to the Washington Forest Practices 19 
Rules (Table 3-22).  Federal forest management strategies occur along approximately 19 20 
percent of the streams.  Tribal management (primarily on the Yakama Indian Reservation) 21 
occurs along 8 percent of the streams.  Almost all of the remaining streams flow through 22 
non-forested lands.  23 

3.8.5.8 Upper Columbia River - Downstream of Grand Coulee Dam 24 
The Upper Columbia River (downstream of Grand Coulee Dam) Region includes the 25 
mainstem of the Columbia River and its tributaries to Grand Coulee Dam (WRIAs 40 and 26 
44 through 50; see Upper Columbia River - Downstream Region map in DEIS Appendix 27 
A).  The Region has 38,869 miles of mapped streams.  The major tributaries include the 28 
Wenatchee River, Methow River, Okanogan River, and Lake Chelan and its tributaries.   29 

Upper Columbia chinook and steelhead are federally listed as endangered; bull trout are 30 
listed as threatened.  Other fish species with Federal or State listing status include 31 
cutthroat, Pacific lamprey, pygmy whitefish, leopard dace, Umatilla dace, mountain sucker, 32 
and sandroller.  Each of the four Hs has been cited as contributing to the listing of one or 33 
more of the species.  The predominant limiting factor of the Columbia mainstem has 34 
generally been the result of hydropower development and storage dams.  Other activities 35 
have also contributed to habitat degradation associated with farming, irrigation, livestock 36 
grazing, logging, urban and suburban development, and transportation. 37 

About 11 percent of the streams occur on lands subject to the Washington Forest Practices 38 
Rules (Table 3-22).  Federal forest management strategies occur along approximately 36 39 
percent of the streams.  Tribal management occurs along 2 percent of the streams, and 40 
about 50 percent of the stream miles are in non-forested lands.  41 
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3.8.5.9 Upper Columbia River - Upstream of Grand Coulee Dam 1 
The Upper Columbia River (upstream of Grand Coulee Dam) Region includes all of the 2 
Columbia River mainstem and its tributaries upstream of Grand Coulee Dam within 3 
Washington (WRIAs 51 through 62; see Upper Columbia River - Upstream Region map in 4 
DEIS Appendix A).  Major tributaries include the Sanpoil River, Spokane River, Kettle 5 
River, and Colville River.  The Region contains an estimated 33,917 stream miles. 6 

Grand Coulee Dam is a complete barrier to anadromous fish.  Consequently, the only 7 
federally listed species present in this Region is bull trout, which are listed as threatened.  8 
Other fish species with Federal or State listing status include westslope cutthroat, redband 9 
trout, pygmy whitefish, Umatilla dace, lake chub, and sandroller.  Hydroelectric and 10 
irrigation dams, which have fragmented bull trout distribution, plus habitat degradation, 11 
have been major factors leading to the listing in this Region (U.S. Federal Register, Vol. 12 
63, No. 111, June 10, 1998, pages 31647-31674).  Timber harvesting, agriculture, and 13 
livestock grazing have degraded habitats in both upland and riparian areas.   14 

About 31 percent of the streams occur on lands subject to the Washington Forest Practices 15 
Rules (Table 3-22).  Federal forest management strategies occur along approximately 24 16 
percent of the streams.  Tribal management (on the Colville Indian Reservation) occurs 17 
along 19 percent of the streams, and about 25 percent of the stream miles are in non-18 
forested lands.  19 

3.8.5.10 Snake River 20 
The Snake River Region (WRIAs 32, 33, 34, and 35; see Snake River Region map in DEIS 21 
Appendix A) includes all portions of the Snake River and its tributaries that lie within 22 
Washington State.  The Region also includes the Walla Walla River drainage.  The Snake 23 
River Region is relatively arid, but contains an estimated 19,488 stream miles.  24 

Sockeye salmon are federally listed as endangered.  Chinook salmon, steelhead, and bull 25 
trout are listed as threatened.  Sockeye salmon, however, do not spawn or rear in the 26 
Region, but use the mainstem Snake River as a migration corridor.  Sockeye spawning and 27 
rearing occur within Idaho.  Other fish species with Federal or State listing status include 28 
cutthroat, Pacific lamprey, mountain sucker, sandroller, and margined sculpin.  Each of the 29 
four Hs has been cited as contributing to the listing of one or more of the species.  30 
Hydropower has altered the natural hydrograph of the Snake River and impacted fish 31 
habitat.  Other habitat limiting factors within the Region include till crop production and 32 
irrigation withdrawals, livestock grazing, logging, urbanization, and transportation 33 
networks.   34 

About 5 percent of the streams occur on lands subject to Washington Forest Practices 35 
Rules (Table 3-22).  Federal forest management strategies occur along approximately 10 36 
percent of the streams in the Region.  About 84 percent of the mapped streams in the 37 
Region flow through non-forested lands.  Relative to other regions, the Snake River Region 38 
is relatively arid and does not include large amounts of commercial forestlands.   39 
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3.9 AMPHIBIANS AND AMPHIBIAN HABITAT 1 

3.9.1 Introduction 2 
This section describes the biology of the seven amphibian species that:  1) are considered 3 
sensitive to riparian forest practices, and 2) have been chosen for coverage under the 4 
FPHCP.   5 

• Coastal (Pacific) tailed frog (Ascaphus truei) 6 
• Rocky Mountain (inland) tailed frog (Ascaphus montanus) 7 
• Van Dyke’s salamander (Plethodon vandykei)  8 
• Dunn’s salamander (Plethodon dunni)  9 
• Olympic torrent salamander (Rhyacotriton olympicus)  10 
• Columbia torrent salamander (Rhyacotriton kezeri)  11 
• Cascade torrent salamander (Rhyacotriton cascadae) 12 

These seven species were selected because:  1) they are closely associated with aquatic and 13 
riparian habitats, 2) they are thought to have some sensitivity to forest practices, and 3) 14 
they lack Federal protection in some portion of their range (either through status or 15 
occurrence on Federal lands).  Other aquatic or riparian-associated species with special 16 
status are addressed in subsection 3.10 (Birds, Mammals, Other Wildlife and Their 17 
Habitats). 18 

The following subsections provide information about the distribution, regulatory status, 19 
and habitat associations of the seven selected species.  Table 3-23 summarizes the 20 
distribution of these species among the 10 analysis regions with substantial forestlands.  21 
More detailed regional information is provided in DEIS Appendix A.  Descriptions of 22 
known distributions may be conservative because no systematic surveys have been 23 
conducted in most areas. 24 

Table 3-23. Distribution of the Selected Amphibian Species by Analysis Region.1/ 25 
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Van Dyke’s salamander   X X X X X     
Dunn’s salamander      X X     
Olympic torrent salamander    X X X      
Columbia torrent salamander      X X     
Cascade torrent salamander   ?   X X X    
Coastal (Pacific) tailed frog  X X X X X X X  X  
Rocky Mountain (inland) tailed frog        X  ? 
1/ X = documented occurrences; ? = no known occurrences, but may occur; [Blank] = not expected to occur. 
 
 Source:  DEIS Appendix A.  
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3.9.2 Amphibian Distribution, Status, and Habitat 1 
3.9.2.1 Van Dyke’s Salamander 2 
Endemic to Washington, the Van Dyke’s salamander is known from three discrete regional 3 
centers:  the Olympic Mountains, the southern Cascades (including populations in 4 
southeastern Thurston County), and the Willapa Hills (Leonard et al. 1993).  Van Dyke’s 5 
salamanders have been found at elevations ranging from sea level to 5,000 feet, in areas 6 
with an average annual precipitation of at least 59 inches (Jones 1999; Wilson et al. 1995).  7 
Most recorded locations come from the wetter, western slopes of these areas (Dvornich et 8 
al. 1997).  Populations are thought to be patchily distributed and often appear to be in low 9 
densities with much potential habitat apparently unoccupied (Blaustein et al. 1995; Jones 10 
1999), but focused surveys for this species have not been done over much of its range.  The 11 
Regional Summaries (DEIS Appendix A) describe this species’ distribution as intermittent 12 
throughout the middle and upper elevations of WRIAs 10, 11, 16, and 19 through 27. 13 

The Van Dyke’s salamander is a USFWS species of concern and a Washington State 14 
candidate species.  Limited distribution and isolation of Van Dyke’s salamander 15 
populations have prompted concern for this species’ persistence (Holthausen et al. 1994; 16 
Nordstrom and Milner 1997).  Lehmkuhl and Ruggiero (1991) assigned this species a high 17 
risk of local extinction, based on its habitat associations, frequency of occurrence, 18 
abundance, and dispersal ability.  Similarly, Thomas et al. (1993) identified the Van 19 
Dyke’s salamander as a high-risk species, closely associated with old-growth forest 20 
conditions.  Two out of three regions where this species occurs are dominated by Federal 21 
ownership (Olympic National Park and Wilderness Area, Mount St. Helens National 22 
Monument, Gifford Pinchot National Forest), and the third is dominated by private 23 
commercial forestlands (southwest Washington).  Unpublished studies by the U.S. Forest 24 
Service in the Olympic Coast Region indicate that this species occurs at low densities in 25 
landscapes where timber harvest has occurred (DEIS Appendix A). 26 

Van Dyke’s salamanders are most commonly associated with riparian habitats, or with 27 
cool, moist microsites within other habitat types (Jones 1999; Nordstrom and Milner 1997; 28 
Petranka 1998).  Juveniles and adults have been found in the splash zones of streams where 29 
a thin film of water runs between or under rocks adjacent to the stream margin, upland 30 
forests, moist talus, cave entrances, seeps, and along lakeshores (Blaustein et al. 1995; 31 
Jones 1999).  Of six Van Dyke’s salamander nests that have been located and described to 32 
date, five were near small, headwater streams (Blessing et al. 1999; Jones 1989); no 33 
information is available on the location of the sixth (Noble 1925).  Clutches of eggs, 34 
apparently laid during spring, have been found under rocks or inside large, moss-covered 35 
logs; eggs may require more than 4 months to hatch, nearly twice as long as the incubation 36 
period of other similar salamander species in this area (Blessing et al. 1999).  Jones (1999) 37 
indicates that Van Dyke’s salamanders may be found near streams and seeps that are 38 
perennial, or spatially or temporally intermittent (i.e., surface water may be absent during 39 
some periods or in some stretches).   40 
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3.9.2.2 Dunn’s Salamander  1 
Dunn’s salamanders occur in rocky forest habitats from sea level to 3,300 feet, from 2 
northwestern California to extreme southwestern Washington (Leonard et al. 1993; 3 
Nussbaum et al. 1983; Petranka 1998).  The Willapa Hills represent the northernmost limit 4 
of this species’ range, which extend north to the south side of the Chehalis River floodplain 5 
(Leonard et al. 1993).  Most of the recorded locations for this species in Washington State 6 
come from Pacific, Lewis, Wahkiakum, and Cowlitz Counties (Dvornich et al. 1997).  The 7 
regional summaries indicate that Dunn’s salamanders are found in only 2 of the 10 regions, 8 
with a widespread distribution south of the Chehalis River in WRIAs 22 through 25, and 9 
along the western edge of WRIA 26 (DEIS Appendix A). 10 

The Dunn’s salamander is a Washington State candidate species; concern for this species 11 
in the State is prompted by its distribution in small and fragmented populations, and by 12 
Washington’s position at the northernmost end of the salamander’s range (Nordstrom and 13 
Milner 1997).  Dunn’s salamanders are relatively common in the Oregon Coast Range, 14 
locally common along larger streams in Washington (Personal Communication, Marc 15 
Hayes, Washington Department of Fish and Wildlife, October 2003), but become 16 
uncommon to rare in headwater habitats in Washington (Jackson et al. 2003).  Private 17 
commercial timberlands dominate most of this species’ range in southwestern Washington.   18 

Dunn’s salamanders have been found inhabiting heavily shaded, wet, rocky substrates such 19 
as seeps, moist talus slopes, and stream edges in forested areas (Leonard et al. 1993; 20 
Nordstrom and Milner 1997).  Information on the life history of Dunn’s salamanders is 21 
scarce, based on two nesting records (Dumas 1955; Nauman et al. 1999) and comparisons 22 
to similar species (Petranka 1998).  Eggs are probably laid underground in rocky areas or 23 
within woody debris during spring and hatch in late summer or fall.  Juveniles, which may 24 
take 2 to 4 years to reach sexual maturity, have been found in the same habitats as adults 25 
(Petranka 1998).  In the Oregon Coast Range, Corn and Bury (1991) found a strong 26 
association between the abundance of Dunn’s salamanders and the percent cover of rock.  27 
They also found that Dunn’s salamanders occurred more often on steep slopes where 28 
exposed talus was present.  Wilkins and Peterson (2000) found an increased probability of 29 
Dunn’s salamander occurrence along streams with steep maximum sideslopes; the species 30 
was present at all streams with sideslopes greater than 80 percent gradient, and absent from 31 
streams with a sideslope less than 50 percent.  Though usually associated with rock, 32 
Dunn’s salamanders also use downed logs and woody debris for cover and feeding 33 
(Corkran and Thoms 1996; Leonard et al. 1993). 34 

Dunn’s salamanders are not considered aquatic, but rather riparian associates (Corkran and 35 
Thoms 1996; Gomez and Anthony 1996).  Approximately 90 percent of Dunn’s 36 
salamanders observed by Bury et al. (1991) were found in streambank habitat as opposed 37 
to riffle or pool habitat.  Wilkins and Peterson (2000) confirm the strong riparian 38 
association of this species, noting a marked decrease in captures at microsites greater than 39 
3 feet (1 meter) from perennial stream channels. 40 
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3.9.2.3 Olympic Torrent Salamander  1 
Until recently, all torrent salamanders were considered to be a single species (Rhyacotriton 2 
olympicus) with two subspecies (Petranka 1998).  Studies of protein variation, however, 3 
provided evidence of genetic differences among four geographically isolated subgroups, 4 
resulting in the recognition of four distinct species (Good and Wake 1992).  Three of these 5 
species (Olympic, Columbia, and Cascade torrent salamanders) occur in Washington State, 6 
and are addressed in the EIS.  Little has been written about the specific habitat needs of the 7 
different torrent salamander species.  Most information comes from studies that did not 8 
distinguish among Rhyacotriton species, or that focused on other members of this species 9 
group.  All four species are similar enough to have been considered as one species until 10 
very recently; therefore, the torrent salamanders of Washington State likely have similar 11 
habitat needs.  Much of the following discussion is based on studies of the southern torrent 12 
salamander (Rhyacotriton variegatus). 13 

Olympic torrent salamanders are known to occur only on the northern portion of the 14 
Olympic Peninsula (Leonard et al. 1993; Petranka 1998).  Most recorded locations for this 15 
species come from Clallam, Jefferson, and Mason Counties (Dvornich et al. 1997).  The 16 
Regional Summaries indicate that this species is widespread within WRIAs 14 through 24, 17 
although it is absent from the Puget Lowlands and from areas south of the Chehalis River 18 
(DEIS Appendix A). 19 

The Olympic torrent salamander is a USFWS species of concern and a Washington State 20 
monitor species.  As with the other torrent salamander species in Washington, concern for 21 
this species centers on its limited distribution, narrow range of tolerance for environmental 22 
conditions, and the associated risk of local extirpation following clearcut timber harvest 23 
(Blaustein et al. 1995; Bury and Corn 1988; Hallock and McAllister 2002).  Most of the 24 
range of the Olympic torrent salamander occurs on Federal lands (mainly Olympic 25 
National Park and nearby wilderness areas).  Unpublished studies by the U.S. Forest 26 
Service in the Olympic Coast Region indicate that this species occurs at low densities in 27 
landscapes where timber harvest has occurred (DEIS Appendix A). 28 

Torrent salamanders inhabit cold, permanent, heavily shaded seeps and headwater streams 29 
in humid forests (Good and Wake 1992; Nussbaum et al. 1983).  Available data indicate 30 
that torrent salamanders require at least 6 years to achieve adulthood, spending the bulk of 31 
that time in their natal streams either as eggs or aquatic larvae (Nussbaum and Tait 1977).  32 
Eggs are probably laid singly, unattached and scattered about in deep cracks and crevices; 33 
egg-laying may occur throughout the year, but peaks from May through July (Nussbaum 34 
and Tait 1977).  Breeding habitat is generally considered to be forested permanent seeps, 35 
streams, and waterfalls with rocky substrates and cold temperatures (optimum 46 to 55 °F 36 
[8° to 13°C]); foraging occurs in moist areas in or near streams and seeps (Corn and Bury 37 
1991; Diller and Wallace 1996; Leonard et al. 1993; Welsh and Lind 1996).   38 

Torrent salamanders are strongly associated with non-fish-bearing waters high in the 39 
stream network (Jackson et al. 2003).  When torrent salamanders occur along large fish-40 
bearing streams, they are usually found in margins where they can find cover from 41 
predators (e.g., fish and Pacific giant salamanders) in the spaces between stones, or in 42 
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seeps on the valley wall rather than within the stream itself (Welsh 1993; Welsh and 1 
Ollivier 19921998; Wilkins and Peterson 2000).  Perhaps because they are very sensitive to 2 
drying out (Ray 1958), torrent salamanders are relatively sedentary, remaining near water 3 
and seldom moving more than 6 feet from one location (Nussbaum and Tait 1977).  4 
Individuals have been found more than 150 feet from permanent water, but such 5 
movements are thought to be rare (Good and Wake 1992). 6 

3.9.2.4 Columbia Torrent Salamander  7 
The Columbia torrent salamander is distributed in the Coast Ranges of Washington and 8 
Oregon from the Willapa Hills of Washington to the Grand Ronde River Valley in Oregon 9 
(Leonard et al. 1993).  The valley of the Chehalis River separates the range of this species 10 
from that of the Olympic torrent salamander.  Most recorded locations for this species in 11 
Washington come from Pacific, Lewis, and Wahkiakum Counties (Dvornich et al. 1997).  12 
The Regional Summaries (DEIS Appendix A) describe this species as widespread within 13 
its limited distribution south of the Chehalis River in WRIAs 22 through 25, and the 14 
western edge of WRIA 26.  Although other torrent salamander species have substantial 15 
ranges in Federal lands with long-term management objectives for old-growth forest 16 
conditions (Tuchmann et al. 1996), over 95 percent of the known distribution of the 17 
Columbia torrent salamander is on private and State lands subject to intensive timber 18 
harvest (Good and Wake 1992; McAllister 1995).  Few studies have addressed the ecology 19 
of Columbia torrent salamanders, but like other torrent salamanders, this species is 20 
presumed to require habitats best provided by old-growth forests (e.g., cold, shaded 21 
streams with clean gravel and cobble substrates; Bury et al. 1991; Corn and Bury 1989; 22 
Welsh and Lind 1996). 23 

The Columbia torrent salamander is a USFWS species of concern and a Washington State 24 
candidate species, and its range consists primarily of privately owned commercial 25 
timberlands.  Recent studies have revealed Columbia torrent salamanders to occur in 26 
extraordinarily high densities in headwater habitats on private timberlands in the Willapa 27 
Hills of southwestern Washington (Personal Communication, Marc Hayes, Washington 28 
Department of Fish and Wildlife, October 2003) and the Coast Ranges of northwestern 29 
Oregon (Russell et al. 2004), possibly reducing the levels of concern for this species.  As 30 
stated above, habitat requirements of the Columbia torrent salamander are likely similar to 31 
those of the Olympic torrent salamander.  However, a recent study on private timberlands 32 
may indicate that this torrent salamander responds differently than other torrent 33 
salamanders to the influence of forest practices (Russell et al. 2004).   34 

Results from Russell et al. (2004) indicate that attributes of overstory or understory 35 
vegetation were not related to the distribution and density of Columbia torrent salamanders 36 
at either the landscape or stream-reach scales.  Two factors were identified to explain the 37 
possible insensitivity of this species (i.e., wide distribution and high abundance) to 38 
variations in vegetative conditions.  First, in the Oregon Coast Range, plant growth is so 39 
rapid that post-harvest vegetation often grows as high as the base of tree crowns in 40 
adjacent, unharvested stands in as little as 10 years (Hibbs and Bower 2001).  Thus, direct 41 
solar radiation and airflows quickly become limited and moist, humid microclimates 42 
similar to those of unharvested areas are quickly reestablished (Hibbs and Bower 2001).   43 
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Deep (3 to 6 feet [1 to 2 meters]) accumulations of post-logging debris (slash) across small 1 
stream channels are common in recently harvested areas and may adequately buffer 2 
temperatures for stream salamanders (Jackson et al. 2003).  Second, the cool, moist climate 3 
across their study area, particularly near the coast, may have mitigated the effects of 4 
periodic canopy removal on water temperatures (Diller and Wallace 1996; Welsh and Lind 5 
1996).  The narrow range of water temperatures measured by Russell et al. (2004) in all 6 
streams during June and July (less than 54 °F [11°C]) would suggest that the existing 7 
vegetation and moderate climate of the area are sufficient to maintain favorable water 8 
temperatures for torrent salamanders (less than 61°F [16°C]) (Brattstrom 1963; Diller and 9 
Wallace 1996; Welsh and Lind 1996).  However, within the more extreme climates 10 
associated with interior physiographic provinces (e.g., Cascade and Klamath-Siskiyou 11 
Ranges), removal of riparian vegetation may have more pronounced effects on the 12 
distribution and abundance of other torrent salamander species (Welsh and Lind 1996; 13 
Hunter 1998; Welsh et al. 2000). 14 

3.9.2.5 Cascade Torrent Salamander 15 
The Cascade torrent salamander occurs along the western slopes of the Cascade Range 16 
from northeastern Lane County, Oregon north to the vicinity of Mount St. Helens (Leonard 17 
et al. 1993).  The valley of the Cowlitz River separates the range of this species from that 18 
of the Columbia torrent salamander.  Most recorded locations for this species in 19 
Washington come from Skamania, Cowlitz, and Clark Counties (Dvornich et al. 1997).  20 
According to the Regional Summaries (DEIS Appendix A), this species occurs at the 21 
eastern edge of WRIA 23 and the mid-elevation areas of the Cascade slopes in WRIAs 26 22 
through 28.  It is also predicted to occur at the southern margin of WRIA 11, but no 23 
occurrences have been recorded there. 24 

The Cascade torrent salamander is a Washington State candidate species.  As with the 25 
other torrent salamander species in Washington, concern for this species centers on its 26 
limited distribution, narrow range of tolerance for environmental conditions, and the 27 
associated risk of local extirpation following clearcut timber harvest (Blaustein et al. 1995; 28 
Bury and Corn 1988; Hallock and McAllister 2002).  The range of the Cascade torrent 29 
salamander falls mostly in areas of Federal land (Gifford Pinchot National Forest and 30 
Mount St. Helens National Volcanic Monument).   31 

Habitat requirements of the Cascade torrent salamander are likely similar to those of the 32 
Olympic torrent salamander (See above). 33 

3.9.2.6 Pacific (coastal) and Rocky Mountain (inland) Tailed Frog  34 
Endemic to the Pacific Northwest, tailed frogs are the only species of the family 35 
Ascaphidae and among the most primitive living frogs.  Males are distinguished by a tail-36 
like appendage that is used for internal fertilization, an adaptation to their life in cold, swift 37 
streams.  Based on an examination of genetic differences, Nielson et al. (2001) 38 
recommended that coastal and inland populations of tailed frogs be recognized as distinct 39 
species, Ascaphus truei (coastal) and A. montanus (inland).  To date, no research has 40 
documented differences between the life histories and habitat associations of these species; 41 
therefore, they are treated together in this discussion.   42 
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Tailed frogs occur throughout the Pacific Northwest, with a range that extends from 1 
southwestern British Columbia south to northwestern California (Leonard et al. 1993).  In 2 
Washington, Pacific tailed frogs have been found at elevations up to 5,250 feet in the 3 
Cascade and Olympic Mountains as well as the Willapa Hills (Dvornich et al. 1997; 4 
Leonard et al. 1993).  The regional summaries show the Pacific tailed frog as having the 5 
widest distribution of any of the seven selected amphibians, occurring in 8 of the 12 6 
regions.  This species is generally widespread wherever it occurs, although it is absent 7 
from the highest elevations of the North Puget Sound Region, the lowlands of the West 8 
Puget Sound Region, and the eastern portions of the Middle and Upper Columbia (below 9 
Grand Coulee) Regions. 10 

Rocky Mountain tailed frogs have been found in the Blue Mountains in the extreme 11 
southeastern portion of the State (Dvornich et al. 1997, Leonard et al. 1993, United States 12 
Geological Survey 2003).  According to the Regional Summaries (DEIS Appendix A), this 13 
species is known from only nine sites in WRIAs 32 and 35.  The Rocky Mountain tailed 14 
frog also occurs in British Columbia and Idaho immediately adjacent to the Upper 15 
Columbia (above Grand Coulee) Region; future systematic surveys may lead to the 16 
discovery of populations in that region. 17 

Both tailed frogs are USFWS species of concern and Washington State monitor species.  18 
Compared to other stream-breeding amphibians, tailed frogs appear to be the most 19 
narrowly distributed in coastal areas of Washington and may be the most sensitive to short- 20 
and intermediate-term effects from timber harvest (Jackson et al. 2003).  Tailed frogs have 21 
demonstrated sensitivity to increased levels of fine sediment, which may reduce refuge by 22 
filling instream interstitial spaces in the substrate (Bury and Corn 1988) and also reduce 23 
the availability of algae and other foods important to tadpoles (Welsh and Ollivier 1998).  24 
Local populations are susceptible to extirpation for several reasons, including narrow niche 25 
requirements combined with isolated population distribution, long generation time, and 26 
loss of mature forest along headwater stream habitats (Welsh 1990).  Of seven Pacific 27 
Northwest frogs and toads associated with old-growth forest, the tailed frog is probably the 28 
species most likely to be affected by old-growth habitat loss and degradation (Blaustein et 29 
al. 1995).  Unpublished studies by the U.S. Forest Service in the Olympic Coast Region 30 
indicate that coastal tailed frogs occur at lower densities in landscapes where timber 31 
harvest has occurred (DEIS Appendix A). 32 

Tailed frogs are found almost exclusively in cold, rocky streams; the tadpole’s sucker-like 33 
mouth (used for clinging to rocks and scraping away food) is a sign of this species’ 34 
adaptation to life in fast-flowing water (Nussbaum et al. 1983; Leonard et al. 1993).  35 
Breeding and developmental habitat for the tailed frog generally consists of perennial, cool 36 
(usually less than 59°F [15°C]) streams with a cobble/boulder substrate and woody debris 37 
(de Vlaming and Bury 1970; Welsh et al. 1993).  These conditions are typically associated 38 
with cold, clear, headwater to mid-order streams in mature forest ecosystems (Welsh et al. 39 
1993).  Adults forage mainly on land along streambanks but also underwater, seeking 40 
cover under rocks and woody debris in streams (Zeiner et al. 1988).  At night, adult tailed 41 
frogs emerge and may forage up to 1,300 feet into adjacent forested areas (McComb et al. 42 
1993).  Older (greater than 200 years), multi-layer forests, downed woody material, 43 
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ground-level vegetation, ground cover, and canopy closure have been shown to be 1 
important in the occurrence of tailed frogs in northwestern California and southern 2 
Washington (Aubry and Hall 1991; Welsh et al. 1993).  The presence of tailed frogs in 3 
younger-age stands indicates that suitable microhabitat conditions can be found in forests 4 
less than 200 years old (Corn and Bury 1989; Aubry and Hall 1991). 5 

Tailed frogs typically mate during late August and September; females lay eggs in July of 6 
the year after mating, and larvae (tadpoles) remain in the water for 1 to 4 years after 7 
hatching (Leonard et al. 1993; Nussbaum et al. 1983; Welsh et al. 1993).  The tailed frog’s 8 
exceptionally long period of larval and pre-reproductive adult development (estimated 7 to 9 
9 years based on studies in Montana) increases the vulnerability of local populations to 10 
habitat disturbance (Brown 1975; Daugherty and Sheldon 1982; Jennings and Hayes 11 
1994).  These factors may also increase the amount of time required for recovery following 12 
disturbance (Blaustein et al. 1995).  Tailed frog larvae are likely particularly sensitive to 13 
sedimentation following clearcutting along headwater streams; they cannot adhere to rocks 14 
that are coated with fine sediment, and have difficulty moving to find suitable substrate 15 
(Jackson et al. 2003). 16 

3.9.3 Review of Timber Harvest Effects on Amphibians 17 
3.9.3.1 Van Dyke’s Salamander  18 
Some studies have suggested that the distribution of Van Dyke’s salamander has been 19 
limited by clearcutting (Wilson et al. 1995; Corn and Bury 1989).  Welsh (1990) found an 20 
increased risk of local extirpation in intensively managed forests.  On the other hand, the 21 
presence of this species in 30- to 60-year-old forests indicates that individuals may persist 22 
within or recolonize disturbed habitats (Nordstrom and Milner 1997; Personal 23 
Communication, Marc Hayes, Washington Department of Fish and Wildlife, October 24 
2003).  At this time, more natural history information is needed before conclusions can be 25 
drawn about this species’ relation to forest habitat conditions (Blaustein et al. 1995; Jones 26 
1999; Wilson et al. 1995).  Currently, it is assumed that the maintenance of riparian buffers 27 
on headwater streams may protect existing populations by maintaining cool, moist 28 
microclimate conditions and LWD (Nordstrom and Milner 1997; Petranka 1998).  Notably, 29 
three of the four nests described by Blessing et al. (1999) were in old-growth forest, and 30 
one was in a 300-foot wide (total width) riparian buffer of old-growth trees adjacent to a 31 
10-year-old logged stand. 32 

3.9.3.2 Dunn’s Salamander 33 
Nordstrom and Milner (1997) noted that Dunn’s salamanders depend on moist, well-34 
shaded substrates with stable microclimates.  Timber harvest can remove canopy cover that 35 
maintains microclimatic conditions favored by this species, including cool substrate 36 
temperatures and high relative humidity (Chen et al. 1993, 1995; Ledwith 1996; Nordstrom 37 
and Milner 1997).  Populations can persist in logged areas, but are more likely to do so 38 
when mature timber is present upstream than when stands upstream have been harvested 39 
(Corn and Bury 1989).  Vesely and McComb (2002) found that Dunn’s salamanders were 40 
sensitive to forest practices in riparian areas, and concluded that riparian buffers may cause 41 
local declines in abundance.  Similarly, West and O’Connell (1998) observed that riparian 42 
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buffers can encourage persistence of amphibians following timber harvest.  Several studies 1 
have demonstrated a direct relationship between buffer width and the maintenance of cool 2 
microclimate and high humidity (Brown and Krygier 1970; Ledwith 1996).   3 

3.9.3.3 Torrent Salamanders 4 
Much of the following discussion is based on studies of the southern torrent salamander 5 
(Rhyacotriton variegatus).  Because all four species are similar enough to have been 6 
considered one species until recently, torrent salamanders of Washington State likely have 7 
similar habitat needs.  Where available data differentiate among the species, these 8 
differences are noted in the discussion. 9 

Several studies have documented greater abundance of torrent salamanders in old-growth 10 
forests compared to younger stands (Ashton 2002; Corn and Bury 1989; Corn and Bury 11 
1991; Vesely and McComb 2002; Welsh and Lind 1991).  Reasons for reduced population 12 
density in logged areas may include loss of optimal microclimate conditions (e.g., cool 13 
temperatures and high relative humidity) due to canopy removal, and reduced habitat 14 
quality due to sedimentation (Nordstrom 1997).  Timber harvest and associated road 15 
construction activities may increase the risk of debris torrents, causing scouring and 16 
increase the presence of fine sediments in headwaters and high-gradient streams (Morrison 17 
1975; Swanston and Swanson 1976).  Jackson et al. (2003) documented dramatic increases 18 
in the proportion of fine sediments in stream channels following clearcut harvest of 19 
adjacent timber stands, but found no significant differences among treatments in response 20 
by torrent salamanders.  The presence of fine sediments may reduce instream habitat 21 
quality for torrent salamanders by filling interstitial spaces critical for movement, egg 22 
deposition, and larval development (Corn and Bury 1989; Diller and Wallace 1996), but 23 
this has yet to be definitively demonstrated.   24 

In managed landscapes, torrent salamander abundance appears to be closely tied to 25 
landform characteristics and parent geology.  Working in second-growth forests in the 26 
range of the Columbia torrent salamander, Wilkins and Peterson (2000) found the highest 27 
rates of occupancy in high-gradient (greater than 20 percent) channels in small drainage 28 
basins (less than 35 acres).  In managed forests of northern California, Diller and Wallace 29 
(1996) found that geology—namely, the presence of consolidated lithologies—was the 30 
only landscape variable that predicted presence of southern torrent salamanders.  In 31 
contrast to the studies of second-growth forests, Adams and Bury (2002) studied streams 32 
within unmanaged forests in Olympic National Park, and found that all stream amphibians 33 
were common in waters with unconsolidated surface geology (i.e., exposed, fractured 34 
bedrock, soil, and vegetation overlying solid intact bedrock below).   35 

These findings suggest that topography and parent geology may play a role in determining 36 
torrent salamander abundance in unmanaged landscapes, but may substantially mitigate the 37 
negative effects of sedimentation, particularly in areas where logging is practiced.  Wilkins 38 
and Peterson (2000) speculated that landform features may have interacted with previous 39 
forest management to influence habitat occupancy.  Torrent salamanders may have been 40 
more widespread in the study area prior to logging; fine sediment accumulation may have 41 
depressed salamander populations in low-gradient streams, while faster flushing of fine 42 
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sediments may have allowed populations in steep streams to persist or recover more 1 
quickly (Wilkins and Peterson 2000).  However, although Wilkins and Peterson found that 2 
sand accumulation decreased with increasing channel gradient in marine sediment streams, 3 
and marine sediment streams had more than double the sand accumulation of basalt 4 
streams, they failed to find a difference in torrent salamander occupancy or abundance 5 
attributable directly to the distinction between these two stream types.  This indicates that 6 
the interaction between forest practices and geology remains unclear in relation to 7 
salamander habitat.  8 

Vesely and McComb (2002) concluded that riparian buffers may prevent or reduce torrent 9 
salamander population declines following logging, but that current buffer width 10 
requirements in many areas may be inadequate to prevent local declines in amphibian 11 
diversity.  Similarly, Jackson et al. (2003) found that the post-harvest proportion of fine 12 
sediments showed little change in headwater streams that were protected by a riparian 13 
buffer.  Corn and Bury (1989) also recommended riparian buffers as a means of protecting 14 
the streamside microhabitat variables required by torrent salamanders. 15 

Notably, most of the studies that demonstrate negative effects of sedimentation are from 16 
the ranges of the southern species.  Streams in the range of the southern torrent salamander 17 
(northwestern California and southwestern Oregon) are prone to carry heavier sediment 18 
loads than streams in the Olympics and Washington Cascades.  The differences between 19 
the two areas may be due to the presence of unconsolidated marine sediments (i.e., 20 
sediments that accumulated on the ocean floor in an unconsolidated form created and 21 
transported by weathering, erosion, volcanoes), heavier rainfall (in some cases), and 22 
warmer climate.  Thus, torrent salamanders in Washington may face a lower risk of 23 
negative effects due to logging-related sedimentation than the southern species.  This is 24 
corroborated by recent studies of the Columbia torrent salamander in southwestern 25 
Washington (Personal Communication, Marc Hayes, Washington Department of Fish and 26 
Wildlife, October 2003) and northwestern Oregon (Russell et al. 2004), which found this 27 
species not only to be widespread in the timber managed landscape, but at densities higher 28 
than ever reported for a stream-associated salamander.  This also may be particularly true 29 
of the Olympic torrent salamander, whose range is characterized by consolidated parent 30 
geology and large Federal reserves. 31 

3.9.3.4 Tailed Frogs 32 
Nussbaum et al. (1983) reported that tailed frogs disappeared from streams when areas 33 
were logged, speculating that increased water temperature and siltation were the cause.  34 
Jackson et al. (2003) compared pre- and post-logging populations of tailed frogs at five 35 
streams in southwestern Washington.  In the three streams that were clearcut harvested, no 36 
tailed frogs were detected immediately following harvest; 2 years later, tailed frogs were 37 
still absent from two of the three streams.  Corn and Bury (1989) and Dupuis and 38 
Steventon (1999) also found that logging had substantially negative effects on densities of 39 
tailed frogs.  Such population effects may last for decades.  In the redwood forests of 40 
northern California, Ashton (2002) documented substantially greater numbers of tailed 41 
frogs in late-seral forests compared to 40- to 60-year-old second growth stands.  Findings 42 
of recent studies have suggested that increased sediment input may be the most important 43 
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factor behind tailed frog population declines following logging (Dupuis and Steventon 1 
1999; Ashton 2002).  Dupuis and Steventon (1999) also found that buffered creeks had, on 2 
average, higher densities of tailed frogs than logged creeks.  Several studies have also 3 
suggested that riparian buffers may be able to protect the streamside microhabitat variables 4 
required by tailed frogs, even if the surrounding habitat is not maintained as old growth 5 
(Bull and Carter 1996; Corn and Bury 1989).  In somewhat of a contrast to the above 6 
information, tailed frog tadpoles and adults were found in abundance in several high-7 
gradient streams surrounded by young (less than 20 years old) riparian and upland stands 8 
southeast of Mount St. Helens in the Gifford-Pinchot National Forest (Personal 9 
Communication, Sally Butts, USFWS, November 17, 2004).   10 

In a study of 40 perennial non-fish-bearing streams in southwestern Washington, Wilkins 11 
and Peterson (2000) found tailed frogs only in streams with basaltic (i.e., bedrock) 12 
lithology.  Similarly, Jackson et al. (2003) found tailed frogs only at steep basalt sites, and 13 
concluded that local geologic and topographic conditions play a large role in determining 14 
the presence and abundance of this species.  In both studies, all surveyed streams occurred 15 
in second-growth forest stands.  In contrast, Adams and Bury (2002) studied streams 16 
within unmanaged forests in Olympic National Park, and found that all stream amphibians 17 
were common in waters with unconsolidated surface geology.  However, the range of 18 
competence in the unconsolidated surface geology class that Adams and Bury (2002) 19 
compared was broad, making it impossible to exclude the possibility that geology is not the 20 
pivotal control on tailed frog distribution.  Welsh and Lind (2002) also found tailed frogs 21 
to be common in streams with unconsolidated geologies in the Klamath-Siskiyou Region, 22 
noting instead that stream temperature and forest age were the strongest predictors of tailed 23 
frog presence and abundance.  Collectively, these findings support Dupuis and Steventon’s 24 
(1999) report that the competency of the parent geology had substantial effects on tailed 25 
frogs.  Timber harvest may exacerbate these effects, but the possibility that geology is the 26 
dominant control has not yet been excluded.  27 
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3.10 BIRDS, MAMMALS, OTHER WILDLIFE AND THEIR HABITATS 1 

3.10.1 Introduction 2 
This section presents a general description of birds, mammals, and other wildlife species in 3 
Washington, including rare, threatened, and endangered species that would be most 4 
affected by the alternatives described in Chapter 2 (Alternatives).  Discussions focus on 5 
species with a strong association with riparian habitats, because those species have the 6 
greatest potential to be affected by the alternatives.  A brief overview of forested habitat 7 
types available in upland areas is also provided.  Among other factors, cChanges in timber 8 
harvest intensity under the alternatives may lead to differences in the availability and 9 
distribution of forest structure classes overall.  Effects on threatened and endangered 10 
species are also addressed.  Table 3-24 lists the species occurring on covered lands that 11 
have some special status within the State.  This list is not intended to be a complete list of 12 
all species native to Washington; instead, it is a list of riparian and upland sensitive species 13 
or species that have regulatory status under State or Federal statutes, and that face the 14 
potential for significant impacts under the proposed alternatives.   15 

Many Washington amphibian species use streams, ponds, and temporary waters for 16 
mating, egg deposition, and larval development (Nussbaum et al. 1983).  Because of their 17 
limited range, limited mobility, and sensitivity to water temperature and quality, 18 
amphibians are particularly sensitive to alterations of riparian and aquatic habitat 19 
(Nussbaum et al. 1983).  Several of the amphibian species with special status in 20 
Washington, such as the Oregon spotted frog, have limited distributions and thus may be 21 
more at risk from disturbance than other species (Knutson and Naef 1997).   22 

Several groups of birds are closely associated with riparian areas.  These include many 23 
neotropical migrants, cavity-nesting birds (i.e.g., woodpeckers and waterfowl), waterfowl, 24 
and raptors (mainly the bald eagle and osprey).  The complexity of riparian vegetation 25 
(subsection 3.6.2, Riparian Vegetation) provides breeding, foraging, and cover habitat for 26 
many of these species (Knutson and Naef 1997). 27 

A wide variety of mammals are closely associated with riparian areas.  At least five 28 
endemic small mammals are considered obligate inhabitants of streamside areas: water 29 
shrew, marsh shrew, muskrat, beaver, and water vole (O’Connell et al. 1993).  The habitat 30 
characteristics of riparian areas, including presence of water, abundance of food, moist 31 
microclimate, and edge habitat support the life requisites of these species and a wide 32 
variety of other mammal species, including river otter, mink, raccoon, black bear, fisher 33 
marten, mule deer, and elk (Knutson and Naef 1997).  Timber harvest has the potential to 34 
reduce (and in some cases increase) the populations of these species by affecting cover, 35 
decreasing or increasing the prey base or food sources, and affecting breeding areas. 36 
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Table 3-24. Washington Special Status and High Profile Species on Covered 1 
Lands. 2 

Common Name Scientific Name Status1/ Distribution2/ Use of RiparianAreas3/ 

Amphibians 
Coastal tailed frog Ascaphus truei  1-5, 7-9 Stream/Creek – b, f 
Western toad Bufo boreas SC 1-12 Lake/Pond – b, f 
Dunn’s salamander Plethodon dunni SC 2-3 Stream/Creek - b, f 
Van Dyke’s salamander Plethodon vandykei SC, FSC 1-5 Stream/Creek - b, f 
Northern red-legged frog Rana aurora FSC 1-7, 9 Lake/Pond/Slough - b, f 
Cascades frog Rana cascadae FSC 1, 3-5, 7-9 Lake/Pond/Stream - b, f 
Northern leopard frog Rana pipiens SE 8-12 Lake/Pond – b, f 
Oregon spotted frog Rana pretiosa SE, FC 4, 7, 9 Lake/Pond – b, f 
Columbia spotted frog Rana luteiventris SC, 

FSC/FC 
7-12 Lake/Pond – b, f 

Cascade torrent 
salamander 

Rhyacotriton cascadae SC 3-4 Stream/Creek - b, f 

Columbia torrent 
salamander 

Rhyacotriton kezeri SC, FSC 2-3 Stream/Creek - b, f 

Olympic torrent 
salamander 

Rhyacotriton olympicus FSC 1-2, 5 Stream/Creek – b, f 

Reptiles 
Western pond turtle Clemmys marmorata SE, FSC 3-5, 9 Lake/Slough/Stream - f 
Sharptail snake Contia tenuis SC 4, 8-9 Wetlands - b, f 
Birds 
Wood duck Aix sponsa P 1-12 River/Stream – b, f 
Great blue heron Ardea herodias P 1-12 Stream/Wetlands – b, f 
Marbled murrelet Brachyramphus 

marmoratus marmoratus 
ST, FT 1-5, 7  River/Stream – b 

Pileated woodpecker Dryocopus pileatus SC 1-12 River/Stream – b, f 
Northern spotted owl Strix occidentalis 

caurina 
SE, FT 1-5, 7-9 River/Stream – b, f 

Willow flycatcher Empidonax traillii FSC 1-12 N/A in WA 
Common loon Gavia immer SS 1, 4, 7-8, 10 Lake - b, f 
Sandhill crane Grus canadensis SE 9 Wetlands - b, f 
Bald eagle Haliaeetus 

leucocephalus 
ST, FT 1-11 River/Lake – f 

Harlequin duck Histrionicus histrionicus P, FSC 1, 3-5, 7-10 River/Stream - b, f 
Butterflies 
Oregon silverspot 
butterfly 

Speyeria zerene 
hippolyta 

SE, FT 2 N/A 

Mardon skipper Polites mardon SE, FC 2, 4, 9 N/A 
Mammals 
Beaver Castor canadensis HP 1-5, 7-12 Stream/Creek – b, f 
River Otter Lutra canadensis HP 1-12 River/Stream – b, f 
Mink Mustela vison P 1-12 River/Stream – b, f 
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Table 3-24. Washington Special Status and High Profile Species on Covered 1 
Lands (continued). 2 

Common Name Scientific Name Status1/ Distribution2/ Use of RiparianAreas3/ 

Mammals (continued) 

Muskrat Ondatra zibethicus HP 1-12 Stream/Wetlands – b, f 
Western gray squirrel Sciurus griseus ST,FSC 2, 6, 7, 8, 11 River/Stream/Creek – b, f
Mazama pocket gopher Thomomys mazama SC, FC 2, 4, 5 N/A 
Canada lynx Lynx canadensis ST, FT 7, 8, 10 N/A 
Gray wolf Canis lupus SE, FT Unknown N/A 
Columbian white-tailed 
deer 

Odocoileus virginianus 
leucurus SE, FE 3 Stream/Slough – b, f 

Woodland caribou Rangifer tarandus 
caribou SE, FE 10 N/A 

Grizzly bear Ursus arctos horribilis SE, FT 7, 8, 10 River/Stream/Wetlands – 
f 

1/ SE = State Endangered; ST = State Threatened; SS = State Sensitive; SC = State Candidate; FE = Federal Endangered; FT 
= Federal Threatened; FC = Federal Candidate; FSC = Federal Species of Concern; P = Covered Species with WDFW, 
but not listed; HP = high profile/high public interest. 

2/ Numbers indicate EIS-designated Regions:  1 = Olympic Coast; 2 = Southwest; 3 = Lower Columbia; 4 = Sound Puget 
Sound; 5 = West Puget Sound; 6 = Islands; 7 = North Puget Sound; 8 = Upper Columbia – Downstream of Grand Coulee; 
9 = Middle Columbia; 10 = Upper Columbia – Upstream of Grand Coulee; 11 = Columbia Basin; and 12 = Snake River. 

3/ Indicates type of riparian area used, and type of use (b = breeding; f = foraging), based on Brown 1985; Riparian habitat 
not commonly used = N/A. 

 
Sources:  Brown 1985; WDFW Web site (http://wdfw.wa.gov/wlm/diversity/soc/soc.htm). 

3.10.2 Federally Threatened or Endangered Wildlife Species 3 
3.10.2.1 Marbled Murrelet 4 
The marbled murrelet (Brachyramphus marmoratus marmoratus) was listed as threatened 5 
under the ESA in 1992.  Although marbled murrelets feed primarily on fish and 6 
invertebrates in nearshore marine waters, they fly inland throughout most of their range to 7 
nest primarily on large limbs branches (e.g., nest platforms on thick moss or mistletoe 8 
brooms) of mature conifers (USFWS 1997).  The main cause of population decline and the 9 
primary threat to the bird in Washington was the loss and alteration of nesting habitat 10 
(older forests) primarily as a result of timber harvesting (USFWS 1997).  Other threats are 11 
mortality associated with gill-net fishing, nest predation, oil spills, and stochastic 12 
disturbance events that result in a loss of nesting habitat (USFWS 1997).  In Washington, 13 
the murrelet is found in all nearshore marine areas with the greatest concentrations in 14 
northern Puget Sound (Table 3-24).  Nesting behavior has been documented beyond 50 15 
miles inland, though most nesting habitat occurs within 50 miles of shore throughout the 16 
breeding range (USFWS 1997).  The majority of marbled murrelet sightings have been 17 
within 39 miles of the coast in the north Cascades.  The most recent estimates of marbled 18 
murrelet numbers in Washington are 10,600 birds (6,300 to 15,700 birds – 95 percent 19 
confidence interval) in 2001 and 12,300 birds (6,800 to 17,600 birds – 95 percent 20 
confidence interval) in 2002 (Huff 2002). 21 

The estimated population of marbled murrelets present at sea along the Washington coast 22 
during the breeding season (May to July) averaged 9,800 birds (ranging from 6,400 to 23 
12,300) for the three-year period from 2000 to 2002 (Huff et al. 2003).  A five-year status 24 
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review of the marbled murrelet, initiated by the USFWS, indicates that murrelet numbers 1 
have declined in Washington, Oregon, and California.  Current trend data are limited 2 
because comprehensive, standardized studies for all of Washington, Oregon, and California 3 
have begun only in the past few years.  Trend data for small areas, however, indicate 4 
declines in murrelet numbers; no available trend data indicate that murrelet populations are 5 
increasing (McShane et al. 2004).  Currently, the USFWS intends to propose delisting the 6 
marbled murrelet in Washington, Oregon, and California.  The schedule for the official 7 
delisting proposal is unknown. 8 

3.10.2.2 Northern Spotted Owl 9 
The northern spotted owl (Strix occidentalis caurina) was listed as threatened under the 10 
ESA in 1990.  Its range in Washington encompasses the coastal mountains (including the 11 
Olympics and Willapa Hills) and Cascade Range (both western and eastern Washington). 12 
Preferred habitat includes structurally complex mature and old-growth coniferous forests 13 
with moderate to high canopy closure, a multi-layered, multi-species canopy with large 14 
overstory trees, a high incidence of snags or large trees with deformities, large 15 
accumulations of fallen trees and other debris, and a well developed shrub layer (Thomas 16 
et al. 1990).  The owl’s favored prey is the northern flying squirrel (Glaucomys sabrinus), 17 
although the birds also feed on a variety of other small mammals.   18 

Declines in the number of spotted owls have been documented on long-term study areas in 19 
Washington State (Forsman et al. 1999).  Preliminary results from the last northern spotted 20 
owl demography workshop held in January 2004 (Anthony et al. 2004) concluded that 21 
northern spotted owl populations on many of the study areas have declined more rapidly 22 
than was observed in previous reports (Franklin et al. 1999).  The demographic analysis 23 
suggests that the range-wide northern spotted owl population declined at about 4.1 percent 24 
per year during 1990 to 2003.  The average estimated rate of decline for eight monitoring 25 
areas under the range-wide effectiveness monitoring plan was 2.5 percent per year.  The 26 
largest declines occurred in Washington State (7.5 percent per year).  Oregon declined by 27 
2.8 percent per year, and California declined by 2.2 percent per year.  According to the 28 
2004 report, the populations in the Cle Elum, Wenatchee, and Mount Rainier study areas 29 
declined substantially over the last decade.  The population sizes were approximately 40 to 30 
60 percent of initial populations in the Cle Elum and Wenatchee study areas.  The Olympic 31 
Peninsula population in 2002 was approximately 70 to 80 percent of initial populations.  32 
“Initial populations” here refers to the populations at the time the demography studies 33 
began, which for these areas is the late 1980s and early 1990s. 34 

As noted above, spotted owl populations have been declining in the past decade.  The 35 
major reasons for the decline are thought to include continuing loss of habitat, climatic 36 
conditions, and the barred owl (Strix varia) invasion (Forsman et al. 2002; Forsman et al. 37 
2003; Buchanan and Swedeen 2005).  Habitat losses can be exacerbated by catastrophic 38 
events such as fire, volcanic eruptions, and wind storms.  Recent studies have documented 39 
a rapid increase in the number of barred owl detections within known spotted owl 40 
territories throughout the Pacific Northwest (Gremel 2001 and 2003; Forsman et al. 2003; 41 
Kelly et al. 2003; Lint et al. 2003; and Pearson and Livezey 2003).  The major concern 42 
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from this increase in barred owl detections is that barred owls may outcompete spotted 1 
owls for limited resources.  According to Pearson and Livezey (2003), spotted owl site 2 
occupancy appeared to be more affected by the presence of barred owls than by land 3 
management allocations, but suspect that human-caused loss of old-growth forest might 4 
reduce the ability of spotted owls to compete successfully with barred owls. 5 

The USFWS designated spotted owl critical habitat solely on Federal lands (United States 6 
Department of the Interior 1992b) and anticipated that the major burden of conservation 7 
and recovery of northern spotted owl populations would be carried by these lands.  The 8 
final draft Recovery Plan for the Northern spotted owl (United States Department of the 9 
Interior 1992a) recommended establishment of conservation areas on Federal lands as the 10 
primary means for achieving recovery of the spotted owl.  Hanson et al. (1993) identified 11 
important non-Federal landscapes for “essential owl habitats” on non-Federal lands, and 12 
provided recommendations for site and landscape-specific plans.   13 

In 1996, the Washington Forest Practices Board conducted an evaluation of alternatives for 14 
providing additional protection for the spotted owl.  The Forest Practices Board’s intent 15 
was to “define a level of conservation contribution from non-Federal lands that is essential 16 
to complement the Federal recovery and conservation strategy; identify those landscapes 17 
that are essential to complement the Federal conservation and recovery strategy; maximize 18 
the use of local planning to promote flexibility, and minimize conflicts and economic 19 
impacts” (Washington DNR 1996).   20 

Final rules were adopted in July 1996 partly based on the USFWS proposed ESA Section 21 
4(d) rule for spotted owls on nonfederal lands and partly based on the Hanson et al. (1993) 22 
report on essential owl habitat on non-Federal lands.  The rules designated 10 spotted owl 23 
special emphasis areas (SOSEAS) to provide for demographic support, dispersal support or 24 
a combination of both.  Timber harvest, road construction, and aerial application of 25 
pesticides on suitable owl habitat inside owl circles within the SOSEAS would be Class 26 
IV-Special forest practices (with the exception of the Entiat SOSEA), and must comply 27 
with SEPA.  Within the Entiat SOSEA, these SEPA requirements only apply to 28 
demographic support areas.  The Forest Practices Board’s goals in adopting SOSEAs was 29 
to “maintain owls where they can make a contribution to the species, not maintain all 30 
individual owls where they currently exist; and to allow strategic allocation of habitat to 31 
those owls that have the potential to contribute to the viability of the species” (Washington 32 
DNR 1996).  The Forest Practices Board recently requested that the WDFW conduct a 33 
review of the wildlife rules and report back to the Forest Practices Board by November 34 
2004.  Consistent with WAC 222-16-080, part of this review will be to “determine whether 35 
circumstances exist that substantially interfere with meeting the goals of the SOSEAs.”   36 

THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 37 

Following the Forest Practices Board’s request, Pierce et al. (2005) estimated harvest rates 38 
of owl habitat from 1996 to 2004 within non-HCP SOSEAs, owl management circles 39 
outside of SOSEAs, and HCP lands.  Overall, Pierce et al. (2005) found that timber harvest 40 
and fire resulted in an approximately 5 percent decline in spotted owl habitat inside owl 41 
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circles within SOSEAs on non-HCP lands over the course of the study (1996 to 2004).  At 1 
the end of the study period, an average of 27 percent spotted owl habitat remained per owl 2 
circle, well below the 40 percent habitat level recommended for viability of the species.  3 
Relative habitat loss outside owl circles, but within SOSEAs on non-HCP lands, during the 4 
same time period averaged 10 percent (Pierce et al 2005).  However, these estimates did not 5 
include development of habitat during the same timeframe, or acres of stands where stand 6 
enhancements were applied with the goal of developing spotted owl habitat sooner. 7 

Also in 2005, the WDFW prepared a briefing report for the Forest Practices Board 8 
regarding the status of the spotted owl and the Washington Forest Practices Rules 9 
(Buchanan and Swedeen 2005).  The purpose of this report was to provide the Forest 10 
Practices Board with objective information on the status of the spotted owl to be used in 11 
the Forest Practices Board’s evaluation of the Washington Forest Practices Rules. 12 

The Forest Practices Board recognized the continued decline of the spotted owl based on 13 
new scientific information documenting the status of the owl in the Pacific Northwest 14 
(Anthony et al. 2004; Courtney et al. 2004; Lint et al. 2005).  Therefore, the Board made a 15 
decision at its August 2005 meeting to review the existing rules governing spotted owl 16 
habitat.  At that time, the Forest Practices Board directed DNR to notify the public of its 17 
intent to initiate a review of the current spotted owl rules.  The Forest Practices Board also 18 
directed DNR to convene a group of SEPA experts from various State agencies to assess 19 
the SEPA process to remove obstacles that may discourage landowners from undertaking 20 
landscape planning.  The Forest Practices Board further directed DNR to work with the 21 
USFWS and the WDFW to create “regulatory harmony” between the Forest Practices 22 
Board’s spotted owl rules and the Federal ESA.  The Forest Practices Board declared that 23 
it will monitor the USFWS spotted owl recovery plan and encouraged USFWS, WDFW, 24 
and “all organizations with authority and influence” to take quick and decisive actions to 25 
address the threats to spotted owl populations posed by barred owls. 26 

In early November 2005, the Forest Practices Board voted to enact two emergency rules 27 
and approved three resolutions to provide additional protection for northern spotted owls, 28 
citing several major factors as the cause of population declines.  These factors include 29 
barred owls, current and past timber harvest, severe weather, declines in forest health, and 30 
fire.  The emergency rules established a temporary moratorium on the practice of 31 
decertifying spotted owl sites until June 30, 2007, coincidental with the release of a 32 
federally led recovery plan for the owl.  Also, if a landowner does not have an HCP or 33 
similar agreement with the Federal government, the emergency rules eliminated the 34 
potential for that landowner to benefit from the actions on adjacent lands covered by such 35 
agreements.  The Forest Practices Board also passed a resolution asking DNR to conduct 36 
an operational review of procedures used when evaluating forest practices applications and 37 
notifications.  Additionally, the Forest Practices Board committed to engaging stakeholder 38 
involvement in reviewing the remainder of the Washington Forest Practices Rules for 39 
northern spotted owls and indicated a desire to participate actively in the federally led 40 
recovery planning process. 41 

END OF NEW TEXT 42 
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3.10.2.3 Bald Eagle 1 
The bald eagle (Haliaeetus leucocephalus) was listed as threatened under the ESA in 1967.  2 
In 1998, there were 664 occupied nest sites in the State with some indications that the 3 
population has reached its carrying capacity in parts of western Washington (Washington 4 
Department of Fish and Wildlife 2001b).  Winter populations are higher (3,500 to 4,000 5 
birds) due to an influx of migrants from Alaska and the Canadian provinces. 6 

Breeding bald eagles nest in need large trees near open water that are not subject to intense 7 
human activity.  Eagles prefer to nest in large trees along shorelines, but in some cases will 8 
use smaller, second-growth trees (Washington Department of Fish and Wildlife 2001b).  In 9 
Washington, nearly all bald eagle nests (99 percent) are within 1 mile of a lake, river, or 10 
marine shoreline (Washington Department of Fish and Wildlife 2001b).  The distance to 11 
open water varies somewhat with shore type.  Nests tend to be closer to marine shores and 12 
rivers than to lake shores (mean 457 feet [marine] versus 633 feet [river] versus 997 feet 13 
[lakes]) (Washington Department of Fish and Wildlife 2001b).  Assuming the presence of 14 
an adequate food supply, the single most critical habitat factor associated with eagle nest 15 
locations and success is the presence of large super-dominant trees (Watson and Pierce 16 
1998).  Although current Washington Forest Practices Rules require that large trees within 17 
riparian areas to be retained, the majority of most forested riparian areas in western 18 
Washington are currently in an early seral stage, with only 2 percent estimated in late seral 19 
stage; this is expected to change over time, however (See subsection 3.7, Riparian and 20 
Wetland Processes).  Bald eagles are not old-growth obligates, but use large trees capable 21 
of supporting their massive nests.  22 

Past impacts to bald eagle populations include poaching, timber harvesting, reduced 23 
salmon runs, and the use of the pesticide DDT.  The greatest current threat to eagle 24 
populations in Washington is the loss of suitable nesting habitat.  Eagles prefer to nest in 25 
large trees along shorelines, but will utilize smaller second-growth trees (Washington 26 
Department of Fish and Wildlife 2001b).  Conservation of bald eagle nesting habitat is 27 
difficult because 80 percent of the land within one-half mile of shorelines is privately 28 
owned and contains desirable view property subject to development.  WDFW found that 29 
two-thirds of bald eagle nests occur on private property.  Such nests, could be at higher risk 30 
in the absence of habitat protection rules should eagles be delisted as a federally threatened 31 
species (Washington Department of Fish and Wildlife 2001b).  The State bald eagle 32 
protection rule (WAC 232-12-292) requires a management plan for development, forest 33 
practices, or other potentially disturbing activities on State and private lands near eagle 34 
nests and roosts (Washington Department of Fish and Wildlife 2001b). 35 

The State’s bald eagle protection rules of 1986 (WAC 232-12-292) established a legal 36 
requirement for private, State, and municipal landowners to reach agreement with WDFW 37 
on measures to protect breeding and roosting habitat.  These rules are the most important 38 
mechanism for the protection of habitat on private and State lands in Washington.  The 39 
retention of future nest and perch trees, in addition to currently used trees, has probably 40 
been an important contribution to eagle habitat from the regulation.  The amount of 41 
privately owned, but undeveloped lands near shore (much already subdivided), indicate 42 
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that the need for planning will continue to be important for some time to provide habitat 1 
for eagles. 2 

3.10.2.4 Oregon Silverspot Butterfly 3 
The Oregon silverspot butterfly (Speyeria zerene hippolyta) was listed as threatened under 4 
the ESA in 1980.  In Washington, the species is found on the Long Beach peninsula in the 5 
Southwest Region (Table 3-24).  The butterfly occupies early successional, coastally-6 
influenced grassland habitats that contain the caterpillar host plant early blue violet (Viola 7 
adunca), adult nectar sources, and adult courtship areas (USFWS 2001).  Soil and climatic 8 
conditions, salt-spray or mist, and natural disturbances such as fire historically contributed 9 
to maintaining low, open grasslands within the species’ range by suppressing encroaching 10 
trees and shrubs.  Invasion by exotic species, natural succession, fire suppression, and land 11 
development have resulted in habitat loss and modification and represent the primary 12 
threats to the species (USFWS 2001). 13 

3.10.2.5 Canada Lynx 14 
The Canada lynx (Lynx canadensis) was listed as threatened under the ESA in 2000.  There 15 
are currently thought to be fewer than 100 individuals in the State (Washington 16 
Department of Fish and Wildlife 2001a).  In Washington, lynx are primarily associated 17 
with subalpine and boreal forest types in the north-central and northeastern parts of the 18 
State.  These areas lie within the North Puget and Upper Columbia Regions (Figure 3-1).  19 
The WDFW originally identified six Lynx Management Zones that represented the 20 
distribution of primary lynx habitat in Washington (Brittell et al. 1989 in Washington 21 
Department of Fish and Wildlife 2001a).  Boundaries were initially drawn based on the 22 
4,000-foot (1,220  meter) elevation contour and were refined based on the knowledge of 23 
biologists involved in lynx surveys.  Boundaries were modified in 2000 by the Colville, 24 
Idaho Panhandle, and Wenatchee National Forests using a more refined definition of 25 
habitat that included elevations down to 3,500 feet in northeastern Washington, and took 26 
into account local detections of lynx, and deleted some areas of permanent non-lynx 27 
habitats (dry pine, openings) along the Lynx Management Zone periphery.  These 28 
management zones do not encompass all areas potentially used by lynx, but habitat 29 
management within these zones is expected to hold the greatest promise for supporting 30 
lynx populations. 31 

In contrast to the habitat of many rare species, potential lynx habitat has not been 32 
developed or converted to agriculture, but most is still forested and the potential to manage 33 
it for lynx still exists.  Federal land jurisdictions include about 92 percent of the habitat in 34 
the six Lynx Management Zones, with the vast majority (approximately 88 percent) 35 
administered by the U.S. Forest Service (Washington Department of Fish and Wildlife 36 
2001a).  The National Park Service (North Cascades National Park) administers about 3.6 37 
percent of primary lynx habitat across Washington.  Reserve land type designations (e.g., 38 
wilderness areas, refuges) protect almost 40 percent of the lynx habitat in Washington 39 
(Washington Department of Fish and Wildlife 2001a).   40 
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Lynx are largely dependent on a single prey species, the snowshoe hare (Lepus 1 
americanus), but also eat small mammals, birds, and carrion.  The primary factors affecting 2 
populations in Washington include forest management, fire and fire suppression, insect 3 
epidemics, and management of lynx harvest and habitats in southern British Columbia 4 
(Washington Department of Fish and Wildlife 2001a). 5 

The Washington Forest Practices Board, which has regulatory authority over timber 6 
harvest on State and private lands, designates critical wildlife habitat for State-listed 7 
species that may be affected by forest practices (WAC 222-16-010).  Forest practices 8 
regulations, however, allow landowners to prepare special wildlife management plans in 9 
lieu of being subject to a critical habitat rule (WAC 222-16-080(2).  The three major non-10 
Federal landowners in the Washington lynx range are the Washington DNR, Boise 11 
Cascade Corporation, and Plum Creek Timber Company; each of these has developed lynx 12 
plans, which were subsequently approved by the WDFW in 1996.  Based on the approval 13 
of the above plans, the Forest Practices Board determined that no critical habitat rule would 14 
be needed for lynx since all of the significant State and private land in lynx range were 15 
covered by the three landowner plans.  16 

3.10.2.6 Gray Wolf 17 
The gray wolf (Canis lupus) is currently listed as threatened under the ESA; they were 18 
originally listed as endangered in 1967.  Although there have been occasional reports of 19 
individual wolves in Washington, no documented breeding pairs or packs currently are 20 
known to occur in the State (Washington Department of Fish and Wildlife 1999b) (Table 21 
3.24).  However, wolves may appear in Washington within the next few years as they 22 
disperse from sites where they have recently been reintroduced in central Idaho, Wyoming, 23 
and Montana.  The USFWS has proposed to de-list the Western Distinct Population 24 
Segment (DPS) of the gray wolf once all three states have approved wolf management 25 
plans.  Wolves are highly adaptable and can survive in a variety of habitats, although they 26 
prefer relatively flat, open areas such as river valleys and basins (Washington Department 27 
of Fish and Wildlife 1999b).  Primary prey species for wolves include elk, deer, and 28 
moose. 29 

Rendezvous sites are usually near water and are characterized by systems of trails, beds, 30 
and play areas; they often border meadows (Washington Department of Fish and Wildlife 31 
2003).  The current Washington Forest Practices Rules provide timing restrictions on 32 
harvest, road construction, and site preparations within at least 0.25 mile of a documented 33 
den site throughout the year and up to 1 mile from an active denning area (WAC 222-16-34 
080).   35 

3.10.2.7 Columbian White-tailed Deer 36 
The Columbian white-tailed deer (Odocoileus virginianus leucurus) exists in two distinct 37 
population segments.  The first is found along the lower Columbia River in southwest 38 
Washington and northwest Oregon; the second is found along the Umpqua River in 39 
Douglas County, Oregon.  Both populations were listed as endangered under the Federal 40 
ESA in 1967.  In 2003, the USFWS de-listed the Umpqua/Douglas County population, 41 
which is now estimated at several thousand animals. 42 
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In Washington State, the Columbian white-tailed deer is only known to occur in 1 
Wahkiakum County on islands in and along the banks of the Columbia River.  The islands 2 
are located within the Columbia River and are in private ownership or are managed by the 3 
USFWS, Washington DNR, and WDFW.  These lands lie within the Lower Columbia 4 
Region (Figure 3-1). 5 

The Lower Columbia distinct population segment numbers about 700 animals and is 6 
distributed throughout the Julia Butler Hansen Columbian White-tailed Deer National 7 
Wildlife Refuge; on Puget, Crims, Lord, and Fisher Islands; and on the Oregon mainland.  8 
The islands are located within the Columbia River and are in private ownership or are 9 
managed by the USFWS, Washington DNR, and WDFW.  These lands lie within the 10 
Lower Columbia Region (Table 3-24). 11 

Columbian white-tailed deer prefer wet prairie and lightly wooded bottomlands or 12 
tidelands along streams and rivers.  Woodlands are particularly attractive when 13 
interspersed with grasslands and pastures (NatureServe 2003).  Major tree species along 14 
the Columbia River include Sitka spruce, dogwood, black cottonwood, red alder, and 15 
willow.  The primary factors affecting the Lower Columbia population are land 16 
conversion, timber harvesting, vehicular traffic, poaching, and flooding (NatureServe 17 
2003). 18 

3.10.2.8 Woodland Caribou 19 
The woodland caribou (Rangifer tarandus caribou) was listed as endangered under the 20 
ESA in 1983.  Currently, the population includes approximately 50 animals in the Selkirk 21 
Mountains of northeastern Washington, northern Idaho, and southeastern British 22 
Columbia, occurring as two herds (USFWS 1994).  This area lies within the Upper 23 
Columbia-Upstream from Grand Coulee Dam Region (Table 3.24).  The animals are 24 
generally found above 4,000 feet in elevation in Engelmann spruce/subalpine fir and 25 
western redcedar/western hemlock forest types (USFWS 1994).  Woodland caribou feed 26 
almost exclusively on tree-borne lichens.  The population is threatened by habitat 27 
fragmentation and loss and excessive mortality (USFWS 1994). 28 

The recovery area for caribou in the Selkirk Mountains is comprised of approximately 29 
2,200 square miles in northern Idaho, northeastern Washington, and southern British 30 
Columbia.  About 47 percent of the area lies in British Columbia, and 53 percent lies in the 31 
United States.  The United States portion includes the Salmon-Priest Wilderness and other 32 
portions of the Colville and Idaho Panhandle National Forests, Idaho Department of Lands 33 
holdings, and scattered private parcels (USFWS 1994).   34 

The current Washington Forest Practices Rules provide timing restrictions on harvesting, 35 
road construction, aerial application of pesticides, and site preparations within at least 0.25 36 
mile of a documented breeding area (WAC 222-16-080).   37 

3.10.2.9 Grizzly Bear 38 
The grizzly bear (Ursus arctos horribilis) was listed as threatened under the ESA in 1975.  39 
Grizzly bears are rare in Washington, but there is a small population in the Selkirk 40 
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Mountains (Upper Columbia Upstream of Grand Coulee Dam Region) of northeast 1 
Washington.  Grizzly bears have also been documented in the Okanogan Highlands and in 2 
the North Cascades (North Puget and Upper Columbia Downstream of Grand Coulee Dam 3 
Regions).  Contiguous, relatively undisturbed mountainous habitat with a high level of 4 
topographic and vegetative diversity is characteristic of most areas where the species exists 5 
(USFWS 1993).  Direct and indirect human-caused mortality and habitat loss have caused 6 
the decline in bear numbers (USFWS 1993). 7 

Portions of two grizzly bear recovery zones exist in Washington State:  the Selkirk and 8 
Cabinet Yaak Grizzly Bear Recovery Zone and the North Cascades Grizzly Bear Recovery 9 
Zone.  The North Cascades recovery area covers almost 10,000 square miles (one of the 10 
largest in the United States).  More than 40 percent of the recovery area is designated 11 
wilderness, 90 percent is Federal or State owned, and 68 percent has no motorized access. 12 

The current Washington Forest Practices Rules provide timing restrictions for harvesting, 13 
road construction, aerial application of pesticides, or site preparation within 1 mile of a 14 
known active den site, documented by the WDFW, between the dates of October 1 and 15 
May 30, or within 0.25 mile at other times of the year (WAC 222-16-080(1)(c)). 16 

3.10.3 Importance of Riparian Habitats to Wildlife 17 
Riparian areas are among the most important wildlife habitats in Washington.  A variety of 18 
physical and biotic features unique to the terrestrial-aquatic interface contribute to this high 19 
degree of biological diversity.  Out of the 593 wildlife species that occur in Oregon and 20 
Washington, 319 (53 percent) use riparian zones (Johnson and O’Neil 2001).  O’Connell et 21 
al. (1993) and Oakley et al. (1985) provide extensive reviews of the literature on wildlife 22 
use of riparian areas.  This section highlights several attributes of riparian habitat that are 23 
of particular importance to riparian-dependent species.  These include complex vegetation 24 
structure, snags and downed woody debris, edge effect, and connectivity. 25 

3.10.3.1 Complex Vegetation Structure 26 
Riparian zones are noted for their structural complexity.  They often are characterized by a 27 
variety of vegetation layers, including herbaceous, shrub, sapling, tree, and overstory 28 
layers (Oakley et al. 1985).  This floristic diversity is encouraged by the frequent 29 
disturbance in most riparian areas, particularly along larger streams, due to flood events, 30 
mass wasting events, fire, and windthrow (Wissmar et al. 1994; Agee 1994).  A high 31 
degree of vegetative structures in a riparian zone can provide abundant sites for breeding, 32 
roosting, foraging, and hiding for numerous species.  In particular, riparian vegetation 33 
structure has been correlated to an abundance of breeding songbirds (Sanders and Edge 34 
1998; Knopf 1985; Martin 1988; Hagar 1999).  Doyle (1990) and McComb et al. (1993) 35 
reported that structural diversity of riparian vegetation was important to small mammals.  36 
However, narrow riparian zones along small streams often do not provide structural 37 
diversity enhancement beyond that provided by adjacent upland areas. 38 
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3.10.3.2 Snags and Downed Woody Debris 1 
Snags and downed woody debris serve very important biological functions for a wide 2 
variety of species.  Many birds and small mammals use cavities in snags for nesting and 3 
resting.  Brown (1985) estimates that over 100 species of wildlife in Oregon and 4 
Washington use snags, with approximately 53 of them being cavity-dependent.  These 5 
species include woodpeckers, cavity-nesting ducks, owls, bats, and most mustelids.  6 
Marten and fisher use cavities in live and dead trees as nest sites (Ruggiero et al. 1994).  7 
Snags and downed woody debris provide other important habitat functions, including 8 
foraging, roosting, and perching habitat.  Wildlife will use a wide variety of trees in 9 
different stages of decay, including trees with heart rot, hollow trees, completely dead 10 
snags, and downed logs of all decay classes (Bull et al. 1997).  For instance, Bull et al. 11 
(1997) found that pileated woodpeckers in the Blue Mountains of Oregon selectively 12 
roosted in live and dead grand firs that were extensively decayed by Indian paint fungus.  13 
In the same region, downed logs provide important habitat for forest-dwelling ants, which 14 
are a primary prey of pileated woodpeckers (Torgersen and Bull 1995).  Similarly, density 15 
of cavity-nesting birds in other regions has been positively correlated with the density of 16 
large snags (Raphael 1980; Madsen 1985).  Marten use large downed logs for predator 17 
avoidance, thermal protection, and natal dens (Buskirk and Ruggiero 1994).   18 

Timber harvesting has been shown to reduce the density of snags in the landscape and this 19 
has been correlated with reduced abundance of cavity-nesting species (Dickson et al. 1983; 20 
Brown 1985; O’Connell et al. 1993).  Retention of riparian buffer zones has the potential to 21 
maintain greater densities of snags and downed logs in the landscape.  Environmental 22 
conditions in riparian and wetland areas can contribute to the production of snags and 23 
downed logs.  Undercut slopes, soil saturation, ponding, high water, and other types of soil 24 
disturbance that are common in riparian areas can all contribute to the weakening of trees 25 
and subsequent production of snags or deformities.  Furthermore, riparian buffer zones that 26 
border clearcuts are very vulnerable to windthrow.  One study of 40 buffers on small 27 
streams in northwest Washington found that an average of 33 percent of all trees in the 28 
buffers were affected by windthrow (Grizzel and Wolff 1998).  This windthrow increased 29 
the large instream woody debris counts in this study by 52 percent compared to counts at 30 
the time of harvest (1 to 3 years earlier).  This study concluded that windthrow may be the 31 
most important mechanism for LWD recruitment to stream channels.  However, these 32 
authors caution that much of this LWD is suspended over narrow, confined channels and 33 
does not contribute to sediment retention (Grizzel and Wolff 1998).  Partially submerged 34 
snags in wetlands, particularly beaver ponds, are important habitat for species such as 35 
cavity-nesting ducks, tree swallows, woodpeckers, and osprey (Knutson and Naef 1997).   36 

Windthrow is not the only mechanism that can reduce the amount of snags in a riparian 37 
zone.  Some snags in a given riparian zone will have to be removed prior to and during 38 
adjacent timber harvest activities to meet State safety regulations.  According to chapter 39 
296-54 of the WAC, any tree that presents a hazard to workers because of some observable 40 
natural or manmade defect is labeled a “danger tree” and must be removed.   41 
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3.10.3.3 Edge Effect 1 
The edge effect is a term used to describe the potentially positive and negative effects 2 
associated with the change between two different habitat types.  These effects can include 3 
increased exposure to predation, increased prey availability, increased vegetative structural 4 
complexity, and increased exposure to light and heat.  It is generally used in reference to 5 
the ecotone between recently harvested areas and older forests, but it can also be applied to 6 
the ecotone between riparian areas and upland habitats.  Riparian areas, due to their usually 7 
long and sinuous shape, are dominated by edge habitat.  Edge habitat is characterized by 8 
the presence of species representative of both the riparian zone and the adjacent upland 9 
habitat.  The diverse vegetation and complex structure that characterizes the edge of 10 
riparian zones makes this area attractive and beneficial to many species, particularly 11 
generalist species (Knutson and Naef 1997; Wilcove et al. 1986).  These species benefit 12 
from the myriad of different nesting and perching substrates as well as multiple vegetation 13 
layers (e.g., grass, herb, shrub, tree) and usually more abundant food sources such as 14 
berries or insects (Knutson and Naef 1997).  Species richness is thus often greatest in edge 15 
habitat (Fraver 1994).   16 

On the other hand, some studies have demonstrated the negative effects of edge habitat on 17 
species that are adapted to the conditions of forest away from the edge (i.e., interior 18 
habitat).  Increased edge habitat can increase exposure to predators such as crows and 19 
ravens, brown-headed cowbirds, and raccoons.  A literature review by Paton (1994) 20 
suggested that predation and parasitism rates on forest interior-nesting birds are often 21 
substantially greater within 164 feet (50 meters) of an edge than for nests found further 22 
from an edge.  Nelson and Hamer (1995) found that successful marbled murrelet nests 23 
were located substantially farther from edg es (greater than 180 feet [56 meters]) than 24 
unsuccessful nests.  The effects of predation have been shown to extend up to 2,000 feet 25 
(620 meters) into a stand (Wilcove et al. 1986).   26 

3.10.3.4 Connectivity 27 
Riparian areas can provide important habitat linkages in the landscape.  Many different 28 
species have been documented using riparian areas for travel and dispersal (Lovejoy et al. 29 
1986; Brown et al. 1985; Gibbs 1998; Harris 1984).  Although very few species are limited 30 
to riparian corridors for movement, many mobile species such as marten, fisher, cougar, 31 
deer, and birds will utilize riparian corridors.  Beier (1993) documented cougars in the 32 
Santa Ana Mountains of southern California using relatively narrow riparian corridors for 33 
movement.  Machtans et al. (1996) found that forest birds would utilize habitat corridors 34 
more often than clearcuts.  The potential value of riparian corridors increases in a 35 
fragmented landscape as they become the only safe way for some species to cross 36 
unsuitable habitat, which is the case for the cougars in the Beier (1993) study.   37 

3.10.4 Wildlife in Upland Forested Habitats 38 
3.10.4.1 Early Seral Forests  39 
Early seral forests represent the initial phases of forest development following a major 40 
disturbance such as a fire or regeneration harvest.  They correspond to the grass/forb and 41 
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shrub/sapling forest structure classes.  Young forest stands with an open canopy and 1 
plentiful shrub cover support a diverse assemblage of small bird species—bird species 2 
diversity and overall abundance reach their highest levels in stands in the ecosystem 3 
initiation stage (Carey et al. 1996).  Many of these species are habitat generalists, and most 4 
are very common.  Such stands also provide abundant forage for wide-ranging species such 5 
as deer and elk.  Other species closely associated with forests in the ecosystem initiation 6 
stage include the dark-eyed junco, white crowned sparrow, and Townsend’s vole (Johnson 7 
and O’Neil 2001).  Structural legacies (e.g., large snags and down logs) retained from the 8 
previous stand can increase biological diversity by providing habitat for small mammals, 9 
cavity-nesting birds, and terrestrial amphibians (Carey et al. 1996).  In managed 10 
landscapes, retention of such legacies combined with a management program designed to 11 
promote biological diversity may speed the development of more complex forest 12 
ecosystems (Carey and Curtis 1996; Carey et al. 1996; Carey 1998). 13 

3.10.4.2 Mid-Seral Forests  14 
Forests of the mid-seral stages generally have a single, dense canopy layer dominated by 15 
trees between 10 and 19 inches in dbh (Johnson and O’Neil 2001).  Small snags and 16 
downed logs are often present as smaller trees die because they are suppressed by other 17 
trees competing for available resources called competitive exclusion.  Large decaying logs 18 
and stumps may be present as remnants of previous disturbances, such as windstorms or 19 
harvests.  Forest structure classes that make up this habitat type include the closed-canopy 20 
shrub/sapling class, all pole-sized classes, and all large-tree classes described by Johnson 21 
and O’Neil (2001), except for multistoried, large-tree stands with less than 70 percent 22 
canopy cover.   23 

In younger competitive exclusion stands, the high density and uniform size of relatively 24 
short trees allows only small amounts of sunlight to reach the forest floor, creating sparse 25 
understory conditions and low levels of biological diversity.  Canopy gaps⎯either as a 26 
result of thinning or natural mortality⎯allow understory plants to become established.  27 
The result is a gradual increase in biological diversity.  The competitive exclusion stages 28 
have the lowest biodiversity and the least favorable conditions for wildlife when compared 29 
to all the forest stages described by Carey et al. (1996).  No wildlife species in western 30 
Washington are found exclusively in competitive-exclusion forests (Carey and Curtis 31 
1996). 32 

3.10.4.3 Late Seral Forests 33 
Late seral forests typically feature multiple canopy layers, with the top layer dominated by 34 
trees 20 to 30 inches in dbh (Johnson and O’Neil 2001).  However, tree sizes associated 35 
with these forests are quite variable.  Snags and down logs play a vital role in providing 36 
structural and biological diversity.   37 

Biological diversity in this forest habitat type is promoted by structural complexity along 38 
both the vertical axis (i.e., trees of different heights, as well as shrubs and herbaceous 39 
plants) and the horizontal axis (e.g., gaps in the forest canopy) (Carey et al. 1996; Franklin 40 
et al. 2002).  A diversity of plant species and growth forms in structurally complex forest 41 
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provides niches for a wide variety of wildlife species.  For example, structurally complex 1 
forests have an understory of small trees, shrubs, ferns, and herbs, providing foraging 2 
opportunities for herbivores and breeding habitat for ground-nesting birds (Carey et al. 3 
1996).  Large snags and down logs in the more fully developed stages of this class may 4 
provide suitable habitat conditions for a variety of important species, including nest sites 5 
for spotted owls, roost sites for bats, moist woody debris cover for terrestrial amphibians, 6 
and den sites for Pacific fishers.  Very large trees may also provide nest sites for other 7 
wildlife species, including bald eagles and marbled murrelets. 8 
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3.11 RECREATION 1 

3.11.1 Introduction 2 
Public lands account for approximately 40 percent (17.2 million acres) of the land base in 3 
Washington State, of which, approximately 74 percent is federally managed, 22 percent  is 4 
managed by the State, and local governments manage the remaining 4 percent (Interagency 5 
Committee for Outdoor Recreation [IAC] 2001) (Table 3-1).  Typically laws, policies, or 6 
regulations determine the way these lands are to be managed.  Few public lands in 7 
Washington are managed for recreational uses alone; most are managed for multiple uses.  8 
However, for purposes of classification, the IAC (2001) breaks these uses into the 9 
following four general categories (Table 3-25):  10 

• Outdoor Recreation, Habitat, or Environmental Protection—Lands with designations 11 
such as camping, picnicking, wildlife areas, wilderness areas, municipal watershed 12 
areas, or natural areas preserves.  13 

• Resource Production or Extraction—Lands primarily used for production or extraction 14 
of natural resources such as agricultural, timber, mineral, or fish and wildlife 15 
commodities.  16 

• Transportation or Utilities Infrastructure—Lands that support general services to the 17 
public such as roads, utility corridors, power plants, dams, landfills, and sewage 18 
treatment plants.  19 

• Other Government Services or Facilities—Lands primarily used to support government 20 
functions, services, or facilities not included in any of the other categories listed above.  21 
These include government offices, community centers, colleges and universities, 22 
military facilities, and cemeteries.  23 

Approximately 50 percent of the reported recreation in Washington State is local, meaning 24 
that it occurs close to cities or towns, and includes local parks, playgrounds, and bike or 25 
jogging trails, and other developed facilities, which form about 3.6 percent (660,000 acres) 26 
of the public lands in the State (IAC 2002).  The remaining 50 percent of the recreational 27 
use in the State is split evenly between State and Federal lands (IAC 2002).  State lands 28 
designated principally as recreational lands represent about 7 percent (648,580 acres) of the 29 
total recreational lands in the State (Table 3-25).  These lands are typically located farther 30 
away from urban centers and are used primarily for camping, hiking, hunting, and fishing.  31 
However, most State lands are available to recreational users even though their use 32 
designation may fall within a different category.  Federal lands include approximately 91 33 
percent (9,143,462 acres) of all lands designated as recreation lands although, like State 34 
owned lands, they support only about 25 percent of the recreational use in the State (IAC 35 
2002).  Federal lands are typically located in remote areas away from urban centers, and 36 
much of their lands tend to be in higher elevations (above 3,000 feet), making it less 37 
accessible to most recreational users (IAC 2002).   38 
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Table 3-25. Acreage1/ of Public Lands by Categories Defined by the Interagency 1 
Committee on Outdoor Recreation. 2 

Landowner 

Outdoor 
Recreation, 

Habitat, 
Environmental 

Protection (Acres) 

Resource 
Production 

and 
Extraction 

(Acres) 

Transportation 
and Utilities 

Infrastructure 
(Acres) 

Other 
Government 
Services and 

Facilities 
(Acres) 

Total 
(Acres) 

Percent 
of Total 
Public 
Land 

Base (%)
Federal  9,143,462 2,435,550 656,165 640,358 12,875,535 74 
State 648,498 2,836,694 168,876 34,806 3,688,874 22 
Local 237,038 65,903 424,580 67,259 794,780 4 
Total Public 10,028,998 5,338,147 1,249,621 742,423 17,359,189 100 
Total Public (%) 57.8 30.8 7.2 4.3 100 -- 
1/ Includes roadway right-of-way easement acres. 
 
Source:  Interagency Committee for Outdoor Recreation (IAC) 2001.   

The IAC (2002) describes lands above 3,000 feet as typically unsuitable for many 3 
recreational activities due to rough terrain, extreme weather conditions, and seasonal 4 
limitations.  Land above 3,000 feet makes up 28 percent of the State, and much of this land 5 
(approximately 77 percent) is publicly owned.  Lands between sea level and 3,000 feet 6 
comprise 72 percent of the State, of which nearly 70 percent is privately owned (IAC 7 
2002).   8 

3.11.2 Estimates of Future Recreational Needs 9 
Future participation in recreational activities is a function of population demographics 10 
along with land use decisions that are currently being made or are likely to be made in the 11 
future.  In the case of population demographics, an example might be that activities 12 
requiring some degree of physical stamina such as hiking, mountain biking, and mountain 13 
climbing are more likely to be attractive to active members of society.  In contrast, 14 
activities such as walking or picnicking generally require less stamina and therefore may 15 
attract less active people (IAC 2002).  As the population ages, demand for less physically 16 
challenging activities may increase creating demand for local parks or green spaces closer 17 
to urban centers.  Population growth of about 20 percent over the last decade has resulted 18 
in increased numbers of people engaged in recreation, even though the percent of the 19 
population actively participating in outdoor recreation declined over this period.  More 20 
than half of the State’s population currently participates in some form of outdoor recreation 21 
(IAC 2002). 22 

Outdoor recreation activities that occur on forested lands include walking/hiking, 23 
horseback riding, off-road vehicle use, picnicking, camping, hunting, fishing, and other 24 
activities.  The IAC assessment (2002) found that 53 percent of the State’s population 25 
participated in the walking/hiking recreation category, with 20 percent picnicking, 13 26 
percent camping, 13 percent fishing, 9 percent using off-road vehicles, and 6 percent 27 
hunting/shooting.  The IAC assessment was a statewide outdoor recreation survey 28 
conducted in 1999 and 2000. 29 
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Participation in all of these activities, with the exception of fishing and hunting/shooting, is 1 
projected to increase by 2023.  Increases by 2013 are expected to range from 5 to 10 2 
percent for camping to 20 percent for picnicking.  The numbers of people fishing and 3 
hunting/shooting are projected to decrease by 5 percent and 15 percent, respectively, over 4 
the same period (IAC 2003).   5 

Land use decisions, including the conversion of forestland into uses incompatible with 6 
timber production also affect recreational trends.  Subsection 3.2 (Land Ownership and 7 
Land Use) discusses the rate of land conversion over the past century.  Additionally, many 8 
cities in the State have designated urban growth areas where it is expected that future land 9 
uses will be oriented toward urban development rather than being managed or preserved as 10 
forestland.  As urban development and forestland conversion continues, there may be a 11 
shift in the availability and types of recreational activities.   12 

3.11.3 Private Lands and Recreation 13 
Currently in Washington State, private landowners play a key role in recreation.  Smaller 14 
landowners sometimes provide formal facilities, such as campgrounds and golf courses 15 
that are available to the public on a fee basis, while some larger and industrial timberland 16 
owners operate on a “good neighbor” policy and allow the public access to their lands for 17 
general recreational purposes (IAC 2002).   18 

In an IAC assessment performed in Washington State in 2002, the recreating public 19 
demonstrated concerns regarding increasing needs for better maintenance of public 20 
facilities, while local managers of public lands statewide expressed concerns about 21 
decreasing funds available for public facilities.  As resources for operation and 22 
maintenance of recreation facilities on public lands decline, the public may eventually be 23 
forced to rely more heavily on undeveloped private lands for recreational needs.   24 

3.11.4 Forest Road-related Recreation 25 
Existing forest road systems generally receive heavy recreation-related use, providing the 26 
public with access to specific recreation areas, such as trailheads, campgrounds, and picnic 27 
areas.  In addition, a large portion of recreational users of managed forestlands use the road 28 
systems as the primary focus of their recreational activity; driving the road systems and 29 
occasionally dispersing across the landscape to hunt, bird watch, gather mushrooms or 30 
berries, or engage in some other non-facility oriented activity.  A recent survey, for 31 
example, estimated that approximately 50 percent of back road and “off of road” fuel use 32 
in the State of Washington was associated with hunting, driving, sightseeing, camping, and 33 
fishing, with the other 50 percent used for off-road motorized activities (off-road vehicles 34 
and snowmobiling) and access for non-motorized activities (hiking, mountain biking, 35 
cross-county skiing, and equestrian) (Hebert Research, Inc. 2003). 36 
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3.12 VISUAL RESOURCES 1 

3.12.1 Introduction 2 
High quality scenery, especially scenery with natural appearing landscapes, is generally 3 
regarded as an important resource that enhances peoples’ quality of life, influences the 4 
quality of their recreational experiences, and, in some cases, effects the adjacent property 5 
values.  Forestlands are considered to be an important visual or scenic resource by many 6 
Washington State residents and visitors.  Approximately 53 percent of the lands in 7 
Washington State are forested (23 million out of 43 million acres) (Table 3-2).   8 

Table 3-26 presents the percentage of each analysis region that is forested and the 9 
percentage of the forestlands that are subject to Washington Forest Practices Rules.  The 10 
visual resource provided by a forest depends on observer characteristics, as well as the 11 
physical properties of the forest landscape.  Important observer characteristics include: the 12 
amount of concern individual observers have for visual quality, the number of observers, 13 
the frequency and duration of their viewing, the context of viewing (e.g., hiking, driving), 14 
and attitudes towards visible forest management activities (Bergen et al. 1995; Sheppard 15 
1989; Magill 1992).  Physical properties of the forest landscape that generally influence the 16 
quality of the visual resource provided by forests include: type and density of vegetation, 17 
topography, slope and aspect, presence of water, number and type of viewpoints, distance, 18 
and weather (Bergen et al. 1995; Shepard 1989). 19 

Primary areas where forest-related visual concerns exist include major highway corridors, 20 
cities and towns, adjacent housing developments, and trails and other recreation areas.  21 
Forested landscapes in these areas are often highly visible to the public and can be 22 
managed to reduce the visual impact of harvest and road-building activities.   23 

The public’s concern with forestland-related visual resources and quality has increased and 24 
continues to increase for a number of reasons.  Washington State’s population continues to 25 
grow, increasing by approximately 21 percent, or 1 million people, between 1990 and 2000 26 
(U.S. Census Bureau 2000).  Scenic touring and viewing has continued to increase since it 27 
first gained popularity following World War II when more families began to purchase cars 28 
and use them for pleasure trips (Dakin 2003; Wilson 1991).  Demands for outdoor 29 
recreation in Washington State have increased, as shown by visits to State parks, which 30 
increased from 12.9 million visits in 1965 to 42.3 million visits in 1997 (Washington DNR 31 
1998h).  Outdoor recreation takes place on public and private forestland where allowed.  32 
Sightseeing was identified as the fifth most popular recreation activity by Washington 33 
residents out of 15 recreation categories.  Fifty percent of those individuals, who listed 34 
sightseeing as one of their recreation activities, choose to sightsee in scenic areas, often 35 
forestlands, while the other 50 percent sightsee in other areas such as historical areas 36 
(IAC 2002).   37 
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Table 3-26. Percent Forestland and Percent of Forestland that is Subject to 1 
Washington Forest Practices Rules by Analysis Region. 2 

Region Total Acres 

Percent of Region 
that is Forestland 

(%) 

Percent of Forestland 
Subject to Washington 
Forest Practices Rules 

(%) 
North Puget Sound 4,397,962 78 45 
South Puget Sound 2,178,228 70 73 
West Puget Sound 1,735,288 88 57 
Islands 246,822 73 92 
Olympic Coast 1,756,868 95 45 
Southwest 2,313,254 89 93 
Lower Columbia 3,072,412 85 62 
Middle Columbia 6,497,115 41 35 
Upper Columbia – 
Downstream of GC Dam 

6,400,577 43 17 

Upper Columbia – 
Upstream of GC Dam 

5,747,801 71 44 

Snake River 4,575,868 8 35 
Columbia Basin 4,350,198 0 99 
Total State 43,272,394 53 50 
Source: USGS Land Use/Land Cover Layerand WRIA GIS Layers, 2004, and WRIA GIS Layer, 2004. 

Forestlands in Washington State span the vegetation zones from near sea level to the 3 
subalpine and include a wide range of landscape types and scenic resources, including wet 4 
coastal forests, high elevation forests, and dry eastern forests.  Lowland forests in western 5 
Washington differ substantially from those in eastern Washington.  Western Washington is 6 
one of the most densely forested regions in the United States.  Conifer trees (the most 7 
common tree type) in this area grow in dense stands, can live long lives, and reach large 8 
sizes.  Douglas-fir is the most common species in this area and can live to 500 years or 9 
more and reach heights of over 200 feet at maturity.  Most of western Washington’s forests 10 
have been harvested at least once since European settlers immigrated to Washington.  As a 11 
result, most of the forestland in western Washington is currently comprised of second or 12 
third growth even-aged stands that are denser and smaller in size than old growth.   13 

Conifer forests in eastern Washington start on the eastern slope of the Cascade Range and 14 
extend around the northern edge of Washington to the northern Rocky Mountains.  15 
Ponderosa pine or western yellow pine is the typical species found in lowland eastern 16 
Washington conifer forests.  Ponderosa pine forests often look quite different from western 17 
Washington conifer forests, because the stands are typically more open and can seem 18 
almost park-like due to the historical fire regime that maintains them.  However, with the 19 
past century of fire suppression in the State, many of the open, park-like stands that were 20 
once common in eastern Washington are now more densely stocked.   21 

Land management can affect visual resources and different owners manage lands 22 
differently.  Ownership of forestland in Washington State can be divided into six 23 
categories: Federal and State protected lands where timber management is generally not 24 
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allowed (e.g., wildernesses, parks, and refuges), Federal lands managed under the 1 
Northwest Forest Plan, State lands managed for timber under the Washington Forest 2 
Practices Rules, tribal forestlands, county and city forestlands, and private forestlands 3 
(Table 3-1).  Private forestlands may be divided into industrial forestlands where intensive 4 
forest practices take place and other private forestlands where forest practices are generally 5 
periodic.   6 

Federal- and State-protected lands are not managed for timber production and are, 7 
therefore, not likely to be affected by Washington Forest Practices Rules.  Federal lands 8 
managed under the Northwest Forest Plan are managed under an extensive set of scenery 9 
management rules (USDA Forest Service and USDI Bureau of Land Management 1994).  10 
State lands managed for timber are also managed under policies that require consideration 11 
of potential visual impacts, but they permit more extensive visual alteration than the 12 
Federal Northwest Forest Plan (USDA Forest Service and USDI Bureau of Land 13 
Management 1994).  Private, tribal, and other lands can also be managed for timber, often 14 
with fewer restrictions on harvest and road building for visual reasons.  When these 15 
forestlands are converted to other land uses, the visual resource can be substantially 16 
impacted (conversion is discussed in subsection 3.2, Land Ownership and Use). 17 

3.12.2 Visual Resources and the Current Washington Forest Practices 18 
Rules 19 

When forests are managed for timber in Washington State, landowners are subject to 20 
Washington Forest Practices Rules, which include prescriptions that, although not their 21 
primary intent, provide some protection for visual resources during timber harvest.  22 
Clearcut harvest areas are prohibited from being larger than 240 acres.  Clearcuts must 23 
retain at least five uncut trees per acre in western Washington and four uncut trees per acre 24 
in eastern Washington for wildlife.  Uncut trees are also sometimes required to be left on 25 
unstable slopes (WAC 222-10-030 (4)), and landowners are required to leave riparian 26 
buffers adjacent to most streams.   27 

Riparian buffers requirements, which have existed for nearly two decades, have increased 28 
since the current Washington Forest Practices Rules were implemented in April 2000.  29 
Under these rules the required widths for buffers adjacent to streams are wider and apply to 30 
more streams than was previously required (WAC 222-30).  The Washington Forest 31 
Practices Rules contribute to the protection of visual resources on State and private 32 
forestlands.  In addition to these rules, many private forest landowners voluntarily leave 33 
additional buffers specifically for visual resource protection.  Many Industrial forest 34 
landowners use Guidelines For The Design Of Harvest Practices In Visually Sensitive 35 
Areas (Bradley 1996) to assist them in planning harvests when they are dealing with 36 
visually sensitive landscapes.   37 

Practices employed by industrial forest landowners in visually sensitive landscapes may 38 
include leaving uncut buffers along major highways, leaving buffers along topographic 39 
features to reduce the visual impact of the timber harvest, using selective harvest methods 40 
instead of clearcut harvesting, harvesting timber in a way that simulates natural patterns, 41 
providing roadside signs that explain the forest practices that have taken place, minimizing 42 



 
 

 

 

Visual Resources Final EIS 

 

Chapter 3  

3-148

 

forest openings next to highways, protecting special vistas with no-harvest areas, and using 1 
intensive management to help the harvest area regenerate quickly (Merrill and Ring 1999; 2 
Plum Creek 1999; Champion Pacific Timberlands 2000). 3 

 4 
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3.13 ARCHAEOLOGICAL, HISTORICAL, CULTURAL AND INDIAN 1 
TRUST RESOURCES 2 

3.13.1 Introduction 3 
Cultural resources are districts, sites, buildings, structures, and objects that contain 4 
evidence of past human activities or that play an active part in the traditional cultures of the 5 
disparate ethnic groups that comprise Washington’s populace.  Cultural resources have 6 
been recognized by legislative bodies at the Federal and State levels as being important for 7 
the education and inspiration of future generations of Americans, whatever their 8 
backgrounds.  Four categories of cultural resources are recognized and discussed here and 9 
in the environmental effects section, as defined below. 10 

Archaeological Resources—the physical residues of past human activity.  Archaeological 11 
resources provide evidence of the cultural continuum of people occurring across time and 12 
space throughout the diverse landscapes of Washington.  Examples of archaeological 13 
resources include shell middens, scatters of stone chips (lithic scatters), rock art, talus slope 14 
gravesites, and culturally modified trees. 15 

Historic Sites—locations where Native or non-Native events and activities have taken 16 
place since contact with Euro-Americans.  Historic sites often, but not always, have written 17 
records that document the events and activities that occurred at a particular location. 18 
Examples of historic sites include homesteads, forts, lumber mills, cabins, mine shafts, and 19 
old logging or mining equipment.  20 

Traditional Places—landscapes, resource gathering areas, sacred sites, and legendary 21 
areas that are identified (often with traditional names) by Indian Tribes in the State of 22 
Washington as being important for the maintenance and perpetuation of their traditional 23 
values and practices.  These landscapes, places, and objects provide subsistence and 24 
spiritual relationships, as well as stability and meaning to community ceremonies, customs, 25 
and beliefs.  Examples of traditional places include sacred ceremonial sites, groves used for 26 
gathering edible/medicinal plants, and sources of materials used for traditional tools and 27 
arts. 28 

Traditional Materials—the resources used by Native peoples to sustain their culture. 29 
Traditional materials come from the broad variety of plants, animals, and minerals that are 30 
indigenous to this region’s native landscapes.  Traditional and current cultural values for 31 
plants include their use as medicines, foods, tools, textiles, building materials, carvings, 32 
and sacred objects.  Examples of traditional materials (such as some of the plants utilized 33 
by Tribes) include bear grass, tule, and cedar and birch trees.  34 

3.13.2 Archaeological Overview 35 
Lands lying west and east of the Cascade Range have been ecologically distinct for most of 36 
the postglacial period as well as being geographically separated by the mountain range.  37 
Consequently, cultural developments and archaeological site distributions are also distinct.  38 
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3.13.2.1 Western Washington 1 
Despite nearly a century of scientific research in the region, the archaeology of western 2 
Washington is not well understood.  Most of what is known comes from low elevation 3 
lands that are now largely under agricultural and residential development.  The foothills 4 
and lower mountain settings, where most of the region’s productive forests can be found, 5 
have received relatively little attention from archaeologists.  What is known about the 6 
prehistoric archaeology of the region is, consequently, biased toward the lowlands, 7 
particularly coastlines.  Much of the property managed by the State and the majority of 8 
privately owned forestlands has not been intensively surveyed for archaeological resources; 9 
the same is true for nearby lands of the National Forests.  Most archaeological sites in these 10 
forests have been found along streams or on high ridges, but this may be due in part to a 11 
tendency for land managers to survey what they consider high probability areas more 12 
intensively than lower probability slopes.  What is currently known about the archaeology 13 
of western Washington is summarized below. 14 

The first human occupation of Washington State may date back about 14,000 years1 to the 15 
Manis Mastodon site at Sequim.  Artifacts of the 13,000- to 13,500-year-old Clovis culture, 16 
which is thought to have been focused on big game hunting, have been found on the 17 
ground surface in such places as Thurston County and Whidbey Island, but no campsite of 18 
this culture has yet been found in Washington.  19 

The post-Clovis prehistory of western Washington has been divided into three periods, 20 
designated as Early, Middle, and Late.  The Early Period, which lasted from approximately 21 
12,000 to 7,000 years ago, includes the Proto-Western and Old Cordilleran Traditions 22 
(Matson and Copeland 1995).  Sites left by these traditions typically occur on high marine 23 
and river terraces, sometimes at a significant distance from modern water courses, and 24 
consist of concentrations of cobble cores, flakes, large, ovate knives, and broad-stemmed 25 
and leaf-shaped projectile points (Wessen 1990).  In some areas, sites of this period have 26 
also been documented along mountain streams in open sites, rockshelters, and caves 27 
(Wessen and Stilson 1986; Lewarch and Benson 1989).  Because of an apparent inland 28 
focus, the people of this era are thought to have been more oriented to land animal hunting 29 
and less to marine and fish resources.   30 

The Middle Period, lasting from 7,000 to 3,500 years ago sees a continuation of the Old 31 
Cordilleran Tradition until around 4,500 years ago, but few sites can be attributed to this 32 
time interval (Morgan 1999).  The focus of subsistence activity after 4,500 years ago seems 33 
to have changed from terrestrial to marine resources and most sites appear along the coasts 34 
or major river systems.  There is little evidence of activity in the higher mountains.  Tools 35 
are more complex, including tools and ornaments of bone and antler along with chipped 36 
stone (e.g., Larson and Lewarch 1995). 37 

The concentration on marine resources intensified during the Late Period (3,500 to 150 38 
years ago), and the number and diversity of sites increased markedly.  People maintained 39 
                                                      

1 Dates given here are in calendric years, based on approximate calibration of radiocarbon ages. 
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permanent villages on the coast and along the lower reaches of inland rivers, which they 1 
used as home bases and storage warehouses.  Huge shell middens built up at some villages 2 
and at the best clam beaches.  Cemeteries and petroglyph sites are often associated with 3 
village and midden sites and fishing camps and occur occasionally in higher montane 4 
settings.  Blazed cedars, stripped of bark for basketry or with planks removed from their 5 
living trunks, can still be found throughout the lowlands.  Small open camps, left by 6 
hunters, fishers, berry pickers (Mack and McClure 2002), and traders have been found 7 
from the lowlands well into the subalpine zone of the mountains, but usually remain close 8 
to larger, permanent sources of water.  They typically are concentrated along trade routes.  9 

Archaeological sites in western Washington consist of the remains of villages and their 10 
associated cemeteries and petroglyph sites, saltwater shell middens, temporary camps 11 
consisting of stone flaking debris (lithic scatters), berry processing camps, rockshelters and 12 
caves, and stone quarries.  With the exception of quarrying areas, berry processing 13 
localities and some caves, rockshelters, and petroglyphs, most archaeological sites in 14 
western Washington occur close to streams and shorelines (Nelson 1990).  15 

A type of archaeological site that has recently been recognized is the culturally-modified 16 
tree.  These are typically living cedar trees that have had bark stripped from one or more 17 
sides of the tree for use in making baskets or clothing.  Culturally-modified trees are 18 
expected in stands of old-growth cedar that predate intensive Euro-American settlement 19 
(Larson 1998; Gunther 1973).  20 

3.13.2.2 Eastern Washington 21 
Lands east of the Cascade Range tend to be drier and more open, except at higher 22 
elevations, and the archaeology of the region is proportionately better known than the 23 
western region.  The prehistory of this region begins much the same as that of western 24 
Washington, with scattered manifestations of the Clovis Culture.  Post-Clovis archaeology 25 
is again divided into Early, Middle and Late, but the beginning and ending points of these 26 
periods differ from those of western Washington (Ames et al. 1998; Chatters and Pokotylo 27 
1998). 28 

The Early Period, from 11,000 to 8,000 years ago, is characterized by large, stemmed 29 
projectile points, ovate knives, barbed harpoons, grooved net weights, and a stone tool 30 
technology reminiscent of the upper Paleolithic technologies of Eurasia.  Few sites of this 31 
time period have been found, most of them consisting of small campsites along rivers and 32 
streams of the non-forested lowlands.  A few sites of this period have been reported from 33 
the Blue Mountains, but none are yet known from the Cascades. 34 

During the Middle Period, 8,000 to 5,000 years ago, the region was occupied by a variant 35 
of the Old Cordilleran Culture, known locally as Cascade.  Cascade sites are ubiquitous 36 
along the Snake and Columbia Rivers, and their larger tributaries and occasionally occur as 37 
open camps and in rockshelters in all mountain ranges.  There is some indication that 38 
quarries in the eastern Cascade Range were in use at this time.  Artifacts of this period 39 
resemble comparable assemblages from western Washington, consisting of cobble tools, 40 
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cobble flakes, leaf-shaped projectile points and knives, simple scraping tools, occasional 1 
microblades, and little else (Ames et al. 1998).   2 

During the Late Period, which is comprised of a sequence of distinct cultural adaptations, 3 
people had begun to settle in pithouse villages along major streams.  They followed a 4 
seasonal subsistence routine that included early springtime camps away from the villages 5 
but still in riverine settings, root gathering camps near springs in foothills and at mountain 6 
meadows, berry picking camps in the subalpine forests, and hunting camps throughout the 7 
landscape in caves, near springs, and along water courses.  Special purpose sites are 8 
common from this Period and include cemeteries near villages, isolated graves and rock art 9 
panels in many settings, quarrying areas, spirit quest cairns and game drives on ridgetops, 10 
hunting blinds and storage pits in talus slopes, storage caves, and culturally modified trees.  11 
In eastern Washington forests, culturally modified trees may include cedars stripped of 12 
bark for making baskets or pines stripped of edible cambium (Hunn et al. 1998).  13 

There is an even more marked tendency in this region for sites to concentrate near springs 14 
and streams.  Cemeteries, villages, and most camps are rarely far from water, although 15 
special purpose sites may occur at considerable distance (Galm et al. 1981).  16 

3.13.3 Cultural and Trust Resources of Native American Tribes 17 
Historic native cultures of the region can generally be seen as a continuation of the 18 
lifeways indicated by Late Period archaeological sites.  The region’s peoples belonged to 19 
five linguistic groups: Wakashan, Salishan, Chimakuan, Chinookan, and Sahaptian.  20 
Wakashan, Chinookan, Chimakuan, and most Salishan peoples were marine oriented, 21 
occupying villages on the major rivers or saltwater shorelines of western Washington and 22 
focusing on shellfish, and salmon and/or saltwater fish for their subsistence.  These peoples 23 
abandoned their villages in summer, moving among fishing sites, and hunting, root 24 
gathering, and berrying camps in mountains and prairies (Haeberlin and Gunther 1930; 25 
Silverstein 1990).  The Salishan Snoqualmie and the Sahaptian-speaking Klikitat differed 26 
from other western Washington Tribes, spending most of their time in foothill and 27 
mountain settings, where they emphasized hunting, berrying, and root gathering, and 28 
served as intermediaries in the transmontane trade (Suttles and Lane 1990; Walker 1998).  29 

All eastern Washington Tribes belong either to the Salishan or Sahaptian language 30 
families.  Members of these groups focused on salmon fishing, root and berry gathering, 31 
and big game hunting for their subsistence in varying proportion, depending on the 32 
resources of their respective territories.  In a continuation with the Late Period of 33 
prehistory, they occupied villages of pithouses or mat lodges in winter along major stream 34 
courses and moved among a series of smaller camps or multi-band conclaves as the year 35 
progressed.  They were linked to the peoples of the western flank of the Cascades and 36 
Lower Columbia River through trade and intermarriage (Miller 1998; Schuster 1998).  37 

Today, 29 federally recognized Tribes reside in Washington (Table 3-27) and over a dozen 38 
Tribes that once lived in what is now Washington State, reside in adjacent states and 39 
Canada.  The Tribes that entered into treaties with the United States in 1855 (i.e., all the  40 
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Table 3-27. Federally-Recognized Tribes of Washington and Adjacent States 1 
with Cultural Interests in Washington Forests. 2 

Region Tribes 
Eastern Washington Coeur D’Alene1, Colville, Nez Perce1/, Spokane, Pend d’Oreille, 

Umatilla1, Yakama 
Western Washington Shoalwater Bay Chinook, Chehalis, Cowlitz, Hoh, Lummi, Makah, 

Muckleshoot, Nisqually, Nooksack, Puyallup, Quileute, Quinault, Sauk-
Suiattle, Upper Skagit, Lower Elwha, Jamestown, Port Gamble, 
S’Klallum, Skokomish, Snoqualmie, Squaxin Island, Stillaguamish, 
Suquamish, Swinomish, Tulalip 

1/  With reservations outside Washington. 

Tribes in Table 3-27 except the Colville, Chehalis, Cowlitz, Shoalwater Chinook, Spokane, 3 
and Coeur D’Alene) all retained the right to certain resources on ceded territories.  All 4 
treaties reserve the right to fish in usual and accustomed grounds and places in common 5 
with other citizens, and to hunt and gather roots and berries on open and unclaimed land.  6 

The right to fish carries with it a trust responsibility on the part of the Federal government 7 
to help ensure the continued productivity of the fishery. 8 

Forests provide raw materials for Washington’s Tribes (e.g., bark and grasses for baskets 9 
and mats, wood for carvings, and medicinal plants) as well as subsistence resources 10 
(Gunther 1973).  While each tribal group is different in the plants and animals that it 11 
considers culturally important, and while many of the medicinal and ceremonial species are 12 
kept secret for religious or other cultural reasons, some plants and animals that have 13 
importance across many groups are listed in Table 3-28.  Salmon, deer, elk, cedar, 14 
beargrass, and huckleberries are the most prominent among these resources. 15 

Of the culturally important resources listed in Table 3-28, most occur or are most abundant 16 
in the water (fishes, shellfish, some mammals), streamside wetlands (tule, cattail), 17 
meadows (camas, nettle, many berries and roots), or early seral stages of forests (most 18 
berries, beargrass, nettle, bracken, alder, big game).  Some species, however, occur or are 19 
most useful when found in old-growth stands (cedar, spruce, tree lichen) (Turner 1978; 20 
Gunther 1973). 21 

Mature forests also provide solitude that is necessary for individuals’ quests for personal 22 
spirit guidance, and for the observance of spirit dances among some Salishan groups 23 
(Hajda 1990; Kew 1990; Suttles and Lane 1990).  The quest for spiritual guidance begins 24 
before puberty and continues throughout a person’s life (Haeberlin and Gunther 1930; 25 
Walker 1998).  Forestlands also contain many traditional places, which can take many 26 
forms, from rock outcroppings or caves to cedar groves or camas meadows.  Some Tribes 27 
have worked with land managers to identify sacred places and stands of culturally 28 
important plants (e.g., Blukis-Onat and Hollenbeck 1981), while others prefer to keep such 29 
locations secret. 30 

  31 
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Table 3-28. Culturally Important Plant and Animal Resources for Native 1 
American Tribes in Washington. 2 

Resources Western Washington1/ Eastern Washington2/ 
Fishes3/ Chinook, coho, pink, chum, and 

sockeye salmon, steelhead, 
cutthroat trout, dolly varden trout, 
smelt  

Chinook, coho, and sockeye 
salmon, steelhead, bull trout, 
cutthroat trout, lamprey, suckers, 
mountain whitefish 

Shellfish3/  Freshwater mussels 

Mammals4/ Blacktail deer, elk, bear, otter, 
beaver 

Deer, elk, blackbear, otter 

Berries, Roots, and Other Foods  Huckleberries, blueberries, 
trailing blackberry, black cap, 
salmonberry, thimbleberry, salal 
berry, serviceberry, soapberry; 
wild carrot, wapato, camas, 
bracken root, sand verbena, 
thistle root, surf grass, buttercup, 
clover roots; cow parsnip 

Blue huckleberry, serviceberry, 
chokecherry, currant, blackberry; 
camas, wild carrot, chocolate lily; 
tree lichen; pine cambium; wild 
celery 

Raw Materials Yew, alder, and cedar wood, 
spruce root, cedar, hemlock, and 
willow bark, beargrass, nettle, 
cattail, and tule 

Cedar bark, wood and boughs, 
beargrass, tule 

1/ Renker and Gunther 1990; Gunther 19451973; Powell 1990; Suttles and Lane 1990; Silverstein 1990. 
2/ Schuster 1998; Ross 1998; Kennedy and Bouchard 1998; Stern 1998; Walker 1998. 
3/ Freshwater or anadromous, only. 
4/ Terrestrial only. 

3.13.4 Overview of Regional History 3 
Washington’s coastline was first charted and described by English and American Explorers 4 
in the last decades of the eighteenth century.  Fur traders, primarily associated with Forts 5 
Vancouver, Nisqually, Walla Walla, Okanagan, and Spokane, traveled into the interior in 6 
the first half of the nineteenth century.  Except for the increasing presence of beads, metal, 7 
and other trade goods among the local Indian Tribes, they left few traces outside their fort 8 
compounds.  By the 1830s, the Hudson’s Bay Company had expanded into agricultural 9 
production, maintaining large farms in the lowlands around Forts Vancouver and Nisqually 10 
and in the lower Cowlitz River Valley.  Missionaries soon followed the fur traders, setting 11 
up missions in the Yakima and Walla Walla Valleys during the 1840s.  Settlers, some 12 
drawn by the promise of farmland, but most coming to exploit the region’s timber and 13 
mineral wealth began flowing into the Puget Lowlands and Portland Basin by the late 14 
1840s and into eastern Washington after the 1855 signing of treaties with the region’s 15 
Indian Tribes.  The farmers needed water and, like their Native predecessors, settled first in 16 
valley bottoms and along small stream courses, particularly in the drier eastern part of the 17 
state.  Loggers and fishermen built along the coasts and exploited lowland timber from the 18 
onset of settlement.  By the latter part of the nineteenth century, Euro-Americans also 19 
began to exploit the timber and mineral resources of the non-arable mountains in western 20 
Washington, and began to mine, log, and graze stock in the open forests of eastern 21 
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Washington (Avery 1965).  Railroads and haul roads were built into and across the 1 
Cascades for hauling timber, coal, stock, and produce to markets and to connect 2 
Washington with the rest of the United States. 3 

Past farming and stock raising activities are marked by buildings, water control structures, 4 
fences, and stock camps.  Mining has left its traces throughout the uplands of Washington. 5 
Coal mining is marked by large, open pit mines and haul roads, whereas traces of past gold 6 
mining occur as placer tailings, mining prospects, mine shafts, and miners’ camps.  Sites 7 
associated with logging include skid roads, railroad grades and tracks, trestles, construction 8 
and logging camps, stumps cut with springboard notches, and a variety of equipment. 9 

3.13.5 Washington State Protective Structure 10 
Washington State makes use of many venues for protection and preservation of 11 
archaeological, historical, and cultural resources, including the Office of Archaeology and 12 
Historic Preservation, protective statutes in the RCW, and protective regulations in the 13 
WAC. 14 

The Office of Archaeology and Historic Preservation provides expertise, service, and 15 
training for the protection and preservation of Washington’s historic places.  The office 16 
manages programs to aid historic property owners, community leaders, and preservation 17 
advocates.  A key role of the Office of Archaeology and Historic Preservation is the 18 
identification, evaluation, and protection of significant properties worthy of preservation 19 
(Washington State Community, Trade, and Economic Development 1996).  The office is a 20 
center for data collection and administers the National Register of Historic Places and the 21 
Washington Heritage Register.  The Office of Archaeology and Historic Preservation is a 22 
part of the Washington State Department of Community, Trade, and Economic 23 
Development.  The Director of this department, or their designee, is a member of the 24 
Forest Practices Board, the promulgating agency for Washington Forest Practices Rules. 25 

Various state agencies interface with archaeological, historical, and cultural resources.  The 26 
Washington Department of Transportation has a Cultural Resources Program that keeps the 27 
public, including Washington Tribes, informed about Department of Transportation 28 
projects and actively seeks the public’s input on concerns about project impacts on 29 
archaeological, historical, or cultural resources (Personal Communication, Sandie Turner, 30 
Transportation Planning Specialist, Department of Transportation, August 19, 2004).  31 
Washington State Parks and Recreation protects many archaeological, historical, and 32 
cultural resources on their properties.  Washington DNR interfaces with cultural resources 33 
in both the regulatory arena and the land management arena. 34 

The Washington DNR Forest Practices Regulatory Program regulates forest practices in 35 
the state including forest practices affecting archaeological, historical, and cultural 36 
resources on both private and State land (WAC 222).  In addition to the forest practices 37 
regulations, the Cultural Resource Protection and Management Plan, written and agreed to 38 
by TFW participants on July 3, 2003, provides a process to enhance protection of cultural 39 
and archeologicalarchaeological sites on managed forestlands (Timber, Fish, and Wildlife 40 
Cultural Resources Committee 2003).   41 
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Washington DNR State Lands program manages 2.1 million acres of forestland in the State 1 
where archaeological, historical, and cultural resources may be found.  Washington DNR 2 
has a tribal Relations Manager who is a liaison between Washington DNR State Lands and 3 
Washington Tribes and is working on strengthening and focusing Washington DNR State 4 
Lands’ Cultural Resources program (Personal Communication, Joseph Davis, Washington 5 
DNR, August 18, 2004).  The Commissioner of Public Lands, the head of Washington 6 
DNR, recently reaffirmed Washington DNR’s commitment of collaborative tribal 7 
relationships in a Commissioner’s Order, stating that the Department will “actively work 8 
with Tribes to encourage understanding and the cooperative pursuit of common objectives” 9 
(Department of Natural Resources, Commissioner’s Order, April, 26, 2004a.) 10 

The Department of Transportation, Washington State Parks and Recreation, and the Office 11 
of Archaeology and Historic Preservation offer a weeklong semi-annual training course on 12 
cultural resources.  The course provides information for recognition and protection of 13 
resources as well as information on State agency legal obligations centered on 14 
archaeological, historical, and cultural resources.  The course includes site visits to help 15 
students learn how to recognize an archaeological, historical, or cultural resource.  16 
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3.14 SOCIAL AND ECONOMIC ENVIRONMENT 1 

3.14.1 Introduction 2 
This section presents a general overview of the social and economic conditions of 3 
Washington State, and provides a baseline that the potential effects of the alternatives may 4 
be measured against.  The discussion is organized into three sections that address 5 
population, employment and the economy, and environmental justice.   6 

3.14.2 Population 7 
The total population of Washington State was approximately 5.9 million in 2000, an 8 
increase of 21 percent, or approximately 1 million people, since 1990.  All Washington 9 
counties experienced population growth during the 1990s, with increases ranging from 10 
1 percent in Columbia County to 45 percent in Clark County.  Net in-migration accounted 11 
for 63 percent of statewide population growth over this period and contributed to 12 
population increases in all Washington counties, with the exception of Whitman County, 13 
where net out-migration accounted for approximately -1 percent of population change.  14 
The majority of Washington counties also experienced natural increase (more births than 15 
deaths) over this period.  There were, however, some exceptions, including Columbia, 16 
Garfield, Pacific, Wahkiakum, Clallam, Jefferson, and Lincoln Counties, where there were 17 
more deaths than births (Washington Office of Financial Management 2004). 18 

The statewide population density in 2000 was 88.6 persons per square mile compared to a 19 
national average of 79.6 percent.  Population density varies considerably by county, 20 
ranging from 4.7 persons per square mile in Columbia County in southeast Washington to 21 
817 persons per square mile in King County.  Population densities were, not surprisingly, 22 
highest in those counties that include major urban areas: the Puget Sound area (King, 23 
Kitsap, Pierce, Snohomish, and Thurston Counties), Vancouver (Clark County), and 24 
Spokane (Spokane County).  Population densities in counties elsewhere in the State were 25 
less than 100 persons per square mile and many counties, particularly those located in the 26 
northeast part of the State, had population densities below 20 persons per square mile 27 
(Washington Office of Financial Management 2004). 28 

Population projections developed by the Washington Office of Financial Management in 29 
2002 anticipate continued growth in the State, with the total State population projected to 30 
reach 7.5 million by 2020.  Population is projected to increase in all counties over this 31 
period, with increases ranging from 2 percent in Columbia County to 50 percent in 32 
Thurston County (Washington Office of Financial Management 2002a).   33 

3.14.2.1 Race and Ethnicity 34 
Approximately 85 percent of Washington’s population identified as white in the 2000 35 
Census, compared to 75 percent nationwide.  Compared to the national average, Black or 36 
African American persons and persons of Hispanic or Latino origin were relatively under-37 
represented, comprising smaller shares of the State population than the national average.  38 
Asian and American Indian persons were, by the same measure, relatively over 39 
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represented, comprising slightly larger shares of the State population than the national 1 
average (U.S. Census Bureau 2000).  2 

The percentage of the population identifying as white varied by county, ranging from 3 
approximately 62 percent in Franklin County to approximately 97 percent in Garfield 4 
County.  Persons of Hispanic or Latino origin comprised relatively large shares of the 5 
population in Adams (40 percent), Franklin (39 percent), Yakima (28 percent), and Grant 6 
(23 percent) Counties.  American Indians made up relatively large shares of the population 7 
in Ferry (18 percent), Okanogan (12 percent), and Yakima (4.5 percent) Counties 8 
(Washington Office of Financial Management 2002b). 9 

3.14.3 Employment and the Economy 10 
This section provides a general overview of employment and the economy in Washington 11 
State.  The section discusses two summary measures developed by Federal and State 12 
agencies—socioeconomic resiliency and the distressed areas index.  It also addresses 13 
overall employment trends and employment in the lumber and wood products, commercial 14 
fishing, and recreation and tourism industries. 15 

3.14.3.1 Socioeconomic Resiliency 16 
Socioeconomic resiliency refers to the ability of an area’s population and economy (e.g., 17 
community, county, or region) to adapt to economic changes or shocks.  Resiliency is 18 
generally related to diversity, with areas or socioeconomic systems with higher diversity 19 
less affected by a change in the system, such as a change in timber harvest or grazing 20 
opportunities.  A high degree of resiliency implies that an area or socioeconomic system 21 
adapts quickly to economic fluctuations or changes, such as specific firms or business 22 
sectors experiencing downturns, with unemployment rates rising only briefly until 23 
displaced individuals find other employment.  Areas or socioeconomic systems with low 24 
resiliency may, on the other hand, experience long-term negative impacts, with 25 
unemployment or out-migration rates remaining high for several years. 26 

A recent study prepared for Washington DNR assessed the socioeconomic resiliency of 27 
Washington counties employing the methodology used to develop measures of 28 
socioeconomic diversity for the Interior Columbia Basin Ecosystem Management Project 29 
(ICBEMP) (Daniels 2003; Horne and Haynes 1999).  The objective of the Washington 30 
DNR study was to identify those counties where changes in timber harvest on State lands 31 
may have disproportionate negative effects on the well being of county residents.  Part of 32 
this analysis involved identifying counties of concern, which were defined as those 33 
counties with low socioeconomic resiliency and high forest dependency.  A socioeconomic 34 
resiliency index was developed based on a composite of three related factors: lifestyle 35 
diversity, economic diversity, and population density.  Forest dependence was identified 36 
based on the percent of total county area classified as forestland.  Ferry, Pend Oreille, 37 
Pacific, Skamania, Stevens, and Wahkiakum Counties all had low socioeconomic 38 
resiliency and high forest dependency and were identified as counties of concern.  Adams, 39 
Okanogan, Klickitat, Columbia, Garfield, and Lincoln Counties also had low 40 
socioeconomic resilience, but had low or medium forest dependence ratings (Daniels 41 
2003).  42 
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3.14.3.2 Distressed Areas Index 1 
The Washington Employment Security Department identifies distressed counties using 3-2 
year average unemployment rates.  A county is considered distressed if the average 3 
unemployment rate is 120 percent or greater than the average statewide unemployment rate 4 
(Washington State Employment Security Department 2003).  Nineteen counties were 5 
identified as distressed areas in 2003 (Table 3-29). 6 

Table 3-29.  State of Washington Distressed Counties, 2003. 7 

State/County 
3-Year Average 

Unemployment Rate1/ County 
3-Year Average 

Unemployment Rate1/ 

Washington State 6.3   Grays Harbor County 9.9 
  Adams County 10.3   Klickitat County 13.4 
  Chelan County 8.8   Lewis County 9.1 
  Clallam County 7.6   Mason County 7.7 
  Columbia County 11.1   Okanogan County 10.8 
  Cowlitz County 9.4   Pacific County 8.6 
  Douglas County 8   Pend Oreille County 9.5 
  Ferry County 13.2   Skamania County 10.5 
  Franklin County 9.1   Stevens County 10.1 
  Grant County 9.9   Yakima County 10.7 
1/ The 3-year averages are for January 2000 through December 2002. 
 
Source: Washington State Employment Security Department 2003.   

3.14.3.3 Employment 8 
Employment is summarized by sector for Washington State in Table 3-30 for 1990 and 9 
2000.  Overall Washington State employment increased by 24 percent or 688,915 jobs 10 
between 1990 and 2000, with the largest absolute gains occurring in the services (+325,865 11 
jobs), retail trade (+125,545 jobs), and State and local government (+85,630 jobs) sectors.  12 
Sectors with relatively large increases included services and also the agricultural services, 13 
forestry, fishing, and other sectors.  The agricultural services and forestry subsectors, also 14 
shown in Table 3-30, experienced relatively large employment increases, while the fishing 15 
subsector experienced large relative and absolute job loss over this period (U.S. Bureau of 16 
Economic Analysis 2004a). 17 

The largest absolute job loss occurred in the manufacturing sector (-17,577 jobs), with job 18 
loss in the lumber and wood products accounting for approximately 47 percent of this 19 
decline.  Job loss also occurred in the Federal government sector, with a net loss of 4,610 20 
jobs in the civilian sector, and a further net loss of 8,896 jobs in the military (Table 3-30) 21 
(U.S. Bureau of Economic Analysis 2004a). 22 

The following sections discuss lumber and wood products, commercial fishing, and 23 
recreation and tourism. 24 
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Table 3-30. Washington Employment by Sector, 1990 and 2000. 1 
 1990 2000 1990-2000 

 Jobs  
Percent of 
Total (%) Jobs  

Percent of 
Total (%)

Absolute 
Change 

Percent 
Change 

(%) 
TOTAL EMPLOYMENT1/ 2,864,111 100 3,553,026 100 688,915 24 
By Type     
   Wage and Salary Employment 2,371,705 83 2,940,967 83 569,262 24 
   Proprietors Employment 492,406 17 612,059 17 119,653 24 
By Industry     
   Farm Employment 81,399 3 80,004 2 -1,395 -2 
   Nonfarm Employment 2,782,712 97 3,473,022 98 690,310 25 

Agricultural  Services, Forestry,      
Fishing, and Other  

49,242 2 63,384 2 14,142 29 

        Agricultural Services2/ 32,777 1 48,273 1 15,496 47 
        Forestry2/ 4,075 0 5,693 0 1,618 40 
        Fishing2/ 12,390 0 9,418 0 -2,972 -24 
   Mining 5,637 0 5,411 0 -226 -4 
   Manufacturing 388,748 14 371,171 10 -17,577 -5 
   Lumber and Wood Products2/ 45,664 2 37,460 1 -8,204 -18 
   Transportation and Public Utilities 128,055 4 168,164 5 40,109 31 
   Wholesale Trade 141,561 5 168,279 5 26,718 19 
   Retail Trade 468,693 16 594,238 17 125,545 27 
   Finance, Insurance, and Real Estate 218,487 8 267,150 8 48,663 22 
   Services3/ 747,216 26 1,073,081 30 325,865 44 
   Government and Government 
 Enterprises 

475,689 17 547,813 15 72,124 15 

   Federal, Civilian 73,745 3 69,135 2 -4,610 -6 
   Military 81,702 3 72,806 2 -8,896 -11 
   State and Local 320,242 11 405,872 11 85,630 27 
1/  Total employment includes self-employed individuals.  Employment data are by place of work, not place of residence and, therefore, 

include people who work in the area but do not live there.  Employment is measured as the average annual number of jobs, both full- 
and part-time, with each job that a person holds counted at full weight. 

2/  Agricultural Services, Forestry, and Fishing are subcategories of the Agricultural Services, Forestry, Fishing and Other Standard 
Industrial Classification (SIC) division.  Lumber and Wood Products is a subcategory of the Manufacturing SIC division.  

3/ Examples include hotels/motels, business services, automotive repair and other services, amusement and recreation services, health 
services, legal services, educational services, social services, engineering and management services, and accounting services. 

 
Source: U.S. Bureau of Economic Analysis 2004a.  

Lumber and Wood Products  2 
Statewide, a total of 37,460 people were directly employed in the lumber and wood 3 
products industry in 2000, approximately 8,200 or 18 percent fewer than were employed in 4 
this sector in 1990 (Table 3-30).  Timber harvest results in direct employment in the 5 
logging and lumber and wood products sectors.  It also generates indirect and induced 6 
employment.  Indirect employment includes jobs associated with industries that supply 7 
inputs to the harvesting and processing sector.  Induced employment includes jobs 8 
associated with spending in the economy from the salaries created by direct and indirect 9 
effects. 10 
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Direct employment in the lumber and wood products sector accounted for about 1 percent 1 
of total employment statewide, ranging from no covered employment in a number of 2 
counties (e.g., Adams, Garfield, and Grant Counties) to 10 or more percent of total covered 3 
employment in Mason (10 percent), Stevens (12 percent), and Wahkiakum (25 percent) 4 
Counties.1  Viewed in absolute terms, the counties with the largest number of covered jobs 5 
in this sector in 2001 were King (5,500 jobs), Pierce (3,500 jobs), and Snohomish (3,000 6 
jobs), which together accounted for approximately 41 percent of covered employment in 7 
the lumber and wood products sector.  Lewis and Grays Harbor Counties followed with 8 
approximately 2,100 lumber and wood products jobs each (Washington State Employment 9 
Security Department 2004).  Covered employment and wage data indicate that the average 10 
wage in the lumber and wood products sector in Washington State was approximately 11 
$39,700 in 2001 (Washington State Employment Security Department 2004). 12 

Washington State was the second largest softwood lumber producer in the United States in 13 
2001.  Lumber production fluctuated during the 1990s, ranging from 3,820 million board 14 
feet in 1991 to 4,384 million board feet in 2000.  A total of 4,257 million board feet were 15 
produced in 2001 (Warren 2003). 16 

Washington timber harvest levels have shown an overall pattern of decline since 1990 17 
(Figure 3-10).  Harvest levels fluctuated during the 1990s, but ranged from a peak of 5,850 18 
million board feet in 1990 to a low of 3,582 million board feet in 2002.  Harvest declined 19 
for all ownerships over this period, with the exception of tribal harvests, which increased 20 
from 182 million board feet in 1990 to 319 million board feet in 2002.  Harvest on lands 21 
owned by large private (non-industrial) landowners was higher in 2002 than during most of 22 
the preceding decade (Figure 3-10).  The largest relative decline in harvest occurred on 23 
Federal lands with harvest levels decreasing by 90 percent, from 833 million board feet in 24 
1990 to just 85 million board feet in 2002.  Statewide, private lands accounted for the 25 
majority of harvest in 2002, with forest industry lands providing 36 percent of total harvest 26 
and large private and small private lands accounting for 27 percent and 11 percent, 27 
respectively (Washington DNR 2004b). 28 

Counties in western Washington accounted for approximately 75 percent of total harvest in 29 
2002 and the majority of harvest on forest industry, private large, private small, and State 30 
lands (Table 3-31).  This pattern was, however, reversed for tribal and Federal lands with  31 

                                                      
1 Covered employment includes workers covered by State unemployment insurance laws and Federal 

workers covered by the Unemployment Compensation for Federal Employees Program.  Self-employed 
persons are not included in covered employment data.  This differs from the data summarized in Table 3-29, 
which include both covered employment and self-employed persons.  Covered employment data tend to 
underestimate total employment in the logging, commercial fishing, and recreation and tourism sectors because 
people who work in these industries are often self-employed. 
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 1 

Figure 3-10. Washington Timber Harvest by Owner, 1990 to 2002. 2 

Notes: 3 
MMBF = million board feet 4 
Private Large—Non-industrial companies and individuals not operating wood-using plants but with statewide 5 
holdings totaling more than 1,000 acres. 6 
Private Small—Non-industrial companies and individuals not operating wood-using plants and with statewide 7 
holdings totaling less than 1,000 acres. 8 
Data for the Other Non-Federal category are not shown in this figure.  Statewide harvest from Other Non-9 
Federal lands accounted for 26 million board feet in 2001. 10 
Source: Washington DNR Washington Timber Harvest, annual reports 1990 to 2002. 11 
 12 

Table 3-31. Timber Harvest by Ownership and Location, 2001. 13 

 Tribal 
Forest 

Industry 
Private 
Large 

Private 
Small State Federal

Other Non-
Federal Total 

Harvest (MMBF) 
Eastside 292 163 172 113 59 66 14 878 
Westside 27 1,142 795 297 398 19 26 2,704 
Total 319 1,304 967 410 457 85 40 3,582 

Percent of Total by Ownership 
Eastside 92 12 18 28 13 78 34 25 
Westside 8 88 82 72 87 22 66 75 
Total 100 100 100 100 100 100 100 100 
MMBF = million board feet 
Private Large—Non-industrial companies and individuals not operating wood-using plants but with statewide holdings 
totaling more than 1,000 acres. 
Private Small—Non-industrial companies and individuals not operating wood-using plants with statewide holdings totaling 
less than 1,000 acres. 
 
Source: Washington DNR 2004b. 
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counties in eastern Washington accounting for the majority of timber harvest on these land 1 
ownerships (Washington DNR 2004b). 2 

Commercial Fishing 3 
The commercial fishing industry accounted for 9,418 jobs in Washington State in 2000, 4 
less than 1 percent (0.3 percent) of total employment (Table 3-30).  Employment in this 5 
sector was 24 percent lower in 2000 than it was in 1990 (Table 3-30).  Covered 6 
employment in the fishing, hunting, and trapping sector accounted for less than 1 percent 7 
of total employment in all counties in 2001, with the exception of Pacific County where it 8 
comprised 5.2 percent of all covered employment.  Viewed in absolute terms, the counties 9 
with the largest number of covered jobs in this sector in 2001 were King (1,122 jobs) and 10 
Pacific (313 jobs) (Washington State Employment Security Department 2004).  Covered 11 
employment and wage data indicate that the average wage in the fishing, hunting, and 12 
trapping sector in Washington State was $55,250 in 2001 (Washington State Employment 13 
Security Department 2004).  Data compiled by the Pacific Fishery Management Council 14 
suggest that the estimated economic value of commercial fishing to Washington state was 15 
$289.2 million in 2001 (Washington Department of Fish and Wildlife 2001c). 16 

As the above employment data suggest, ports on the Puget Sound and the Pacific Ocean 17 
handle almost all commercial landings in Washington, with less than 1 percent of total 18 
catch by value coming from freshwater harvest.  Salmon account for about one-third of the 19 
catch by value, followed by oysters, crab, shrimp, and other shellfish.  Other fish caught 20 
include halibut, flounder, tuna, cod, rockfish, pollock, and sablefish (Washington DNR 21 
2004b). 22 

Sport and tribal fishing also generate employment and income in Washington.  Sport 23 
fishing is addressed in the following Recreation and Tourism section.  Tribal issues, 24 
including ceremonial and subsistence harvest, are addressed in subsection 3.13, Cultural 25 
and Indian Trust Resources.    26 

Recreation and Tourism 27 
Recreation and tourism is not classified or measured as a standard industry category and, 28 
therefore, employment and income data are not specifically collected for this sector.  29 
Components of recreation and tourism activities are instead captured in other industrial 30 
sectors, primarily the retail sales and services sectors.  Estimates of travel impacts 31 
developed for the Washington State Office of Trade and Economic Development indicated 32 
that travel-related expenditures supported approximately 160,720 jobs in Washington State 33 
in 2000, representing approximately 4.5 percent of total State employment.  Travel-related 34 
employment ranged from below 3.5 percent of total employment in Clark, Thurston, 35 
Wahkiakum, and Yakima Counties to slightly more than 20 percent in Pacific (20.1 36 
percent) and Skamania (21.6 percent) Counties (Dean Runyon Associates 2002). 37 

Employment in the recreation and tourism sector generally tends to be seasonal and 38 
relatively low paid, with a high proportion of the labor force self-employed.  The study 39 
prepared for Washington State indicated that the average annual salary for this sector in 40 
2001 was $20,604 compared to the State average salary of $37,849 for all sectors (Dean 41 
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Runyon Associates 2002; U.S. Bureau of Economic Analysis 2004b).  Average salaries in 1 
2001 ranged from $22,252 in Pacific County to $47,336 in King County.  The majority of 2 
counties (31 out of 38) had average salaries of $30,000 or below in 2001 (U.S. Bureau of 3 
Economic Analysis 2004b). 4 

The 2001 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation 5 
estimated that a total of 938,000 residents and nonresidents 16 years or older fished in 6 
Washington in 2001, spending approximately $854 million on fishing-related expenses 7 
(Table 3-32) (U.S. Fish and Wildlife and Census Bureau 2003).  The survey identified 8 
approximately 659,000 freshwater anglers, with 211,000 and 156,000 anglers indicating 9 
that they fished for salmon and steelhead, respectively.  The survey also identified 386,000 10 
saltwater anglers, with 250,000 anglers indicating that they fished for salmon in 2001 (U.S. 11 
Fish and Wildlife and Census Bureau 2003).  These categories are not mutually exclusive.  12 
Some anglers fish in both fresh and salt water, and the majority fish for more than one 13 
species at any one time.  These numbers do, however, provide a good indication of the 14 
importance of recreational fishing in Washington State, as well as the importance of 15 
salmon and steelhead fishing to this activity.  16 

This survey also found that a total of 227,000 residents and nonresidents 16 years or older 17 
hunted in Washington in 2001, spending approximately $350 million on hunting-related 18 
expenditures (Table 3-31).  In addition, 2.5 million residents and nonresidents 16 years or 19 
older fed, observed, or photographed wildlife in Washington, spending approximately $980 20 
million on wildlife-watching activities (U.S. Fish and Wildlife and Census Bureau 2003). 21 

Table 3-32. Fishing, Hunting, and Wildlife-Associated Recreation Expenditures in 22 
Washington in 2001. 23 

Activity Number of Participants 
Estimated Expenditures 

 ($ thousand) 
Recreational Fishing 947,000 853,761 
Hunting 269,000 349,771 
Wildlife Viewing 2,496,000 979,730 
Source:  U.S. Fish and Wildlife and Census Bureau 2003. 

3.14.3.4 Income and Poverty 24 
Per capita income, which is calculated by dividing total personal income by total 25 
population, was $31,230 in Washington State in 2000, ranging from $16,600 or 53 percent 26 
of the State average in Ferry County to $45,500 (146 percent of the State average) in King 27 
County.  San Juan County was the only other county with per capita income above the 28 
State average ($33,800 or 115 percent) (Washington State Employment Security 29 
Department 2004). 30 

Total personal income includes earnings (wage and salary disbursements, other labor 31 
income, and proprietors’ income); dividends, interest, and rent; and transfer payments 32 
received by residents.  Earnings accounted for approximately 68 percent of total personal 33 
income in Washington State in 2001; dividends, interest, and rent comprised approximately 34 
19 percent, and transfer payments accounted for approximately 13 percent.  Earnings, 35 
dividends, interest, and rent, and transfer payments also accounted for the same relative 36 
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shares of total personal income in Washington State in 1991 (U.S. Bureau of Economic 1 
Analysis 2004c).  The share of total personal income comprised of earnings varied by 2 
county, ranging from 46 percent in Clallam County in 2000 to 74 percent in Snohomish 3 
and King Counties. 4 

In 1999, 10.6 percent of the population in Washington was below the poverty rate, 5 
compared to 10.9 percent in 1989.  The percent of the population below the poverty rate by 6 
county ranged from 6.9 percent in Snohomish County to more than 20 percent in 7 
Okanogan (21.5 percent) and Whitman (24.2 percent) Counties (USDA Economic 8 
Research Service 2004). 9 

3.14.4 Environmental Justice 10 
Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 11 
Populations and Low-Income Populations, requires each Federal agency to make the 12 
achievement of environmental justice part of its mission by identifying and addressing 13 
disproportionately high and adverse human health or environmental effects of its programs, 14 
policies, and activities on minority and low income populations.  The Order further 15 
stipulates that the agencies conduct their programs and activities in a manner that does not 16 
have the effect of excluding persons from participation in, denying persons the benefits of, 17 
or subjecting persons to discrimination because of their race, color, or national origin. 18 

The EPA working with the Enforcement Subcommittee of the National Environmental 19 
Justice Advisory Council has developed technical guidance for conducting environmental 20 
justice assessments that are referenced in the following discussion, as appropriate.  Much 21 
of this guidance is concerned with identifying low income and minority populations based 22 
on the location of the proposed action.  Suggested measures include identifying affected 23 
areas as low income if more than 20 percent of the affected area is below the poverty level 24 
or identifying areas as minority areas if minority populations represent more than 15.72 25 
percent of the total population.  These types of measure are useful for identifying potential 26 
environmental justice concerns associated with proposed actions that occur in specific 27 
locations, such as the siting of a hazardous waste site or an electric transmission line.  They 28 
have very limited or no applicability to analyses such as this that are concerned with 29 
programmatic actions that establish direction for broad land areas rather than scheduling 30 
activities on specific parcels of land.  Race, ethnicity, income, and poverty are, however, 31 
discussed for the State and by county in subsections 3.14.2.1 (Race and Ethnicity) and 32 
3.14.3.4 (Income and Poverty). 33 

More relevant to this analysis are measures that assess target populations in terms of those 34 
groups that would likely be disproportionately affected by the proposed action.  In this 35 
case, these groups include loggers, mill workers, and others involved in timber harvest, and 36 
groups that would be affected by potential changes in salmonid populations, primarily 37 
people involved in commercial and recreational fishing.   38 

Using this approach the minority populations most likely to be affected by the proposed 39 
action are Native American Tribes.  The general relationship between the potentially 40 
affected Tribes, those that presently reside in Washington, as well as those that once lived 41 
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in what is now Washington State and now reside in adjacent states and Canada, is 1 
discussed in subsection 3.13 (Cultural and Indian Trust Resources).  The federally 2 
recognized Tribes of Washington and adjacent states with cultural interests in Washington 3 
forests are identified in Table 3-27. 4 

Plant and animal resources that are culturally important for Native American Tribes in 5 
Washington are summarized in Table 3-28.  These include salmon, which are important 6 
traditional resources to all Washington Tribes, and bull trout, which are particularly 7 
important in watersheds outside the salmon’s historic range.  In addition to being important 8 
traditional tribal resources, salmon and bull trout are also important for subsistence and 9 
commercial fishing.  Forests are also important resources for Washington’s Tribes 10 
providing raw materials, such as bark and grasses for baskets and mats, wood for carvings, 11 
and medicinal plants, as well as subsistence resources. 12 
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4.1 INTRODUCTION 21 
This chapter provides an analysis of the direct and indirect environmental effects 22 
associated with the alternatives.  Table S-1 at the end of the Executive Summary provides 23 
a summary of effects presented in this chapter.  Cumulative effects are presented in 24 
Chapter 5.  The analysis in this chapter is presented relative to the affected environment 25 
descriptions given in Chapter 3.  Therefore, each main subsection in Chapter 3 has a 26 
corresponding effects subsection in Chapter 4 presented in the same sequence.  27 

Please note, figures and tables in Chapter 4 are numbered differently than they are in all 28 
other chapters.  Chapter 4 tables and figures are labeled according to the subsection they 29 
appear within.  For example, Figure 4.1-1 would be the first figure located in subsection 30 
4.1.  This numbering system was necessary because of the length of Chapter 4. 31 

The specific subsection sequence is as follows: 32 

• Land Ownership and Use (subsection 4.2) 33 
• Air Quality (subsection 4.3) 34 
• Geology, Soils, and Erosional Processes (subsection 4.4)  35 
• Water Resources (subsection 4.5) 36 
• Vegetation (subsection 4.6) 37 
• Riparian and Wetland Processes (subsection 4.7) 38 
• Fish and Fish Habitat (subsection 4.8) 39 
• Amphibian and Amphibian Habitat (subsection 4.9) 40 
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• Birds, Mammals, Other Wildlife, and Their Habitats (subsection 4.10) 1 
• Recreation (subsection 4.11) 2 
• Visual Resources (subsection 4.12) 3 
• Cultural and Indian Trust Resources (subsection 4.13) 4 
• Social and Economic Environment (subsection 4.14) 5 

4.1.1 Analysis Area 6 
The analysis area that defines the affected environment includes the majority of the State 7 
of Washington (subsection 3.1, Affected Environment – Introduction; Appendix A, 8 
Regional Summaries).  The proposed action and the alternatives would directly affect the 9 
forested lands that are covered under the Washington Forest Practices Rules.  These lands 10 
include the non-Federal and non-tribal forestlands of the State (Figure 3-1).  These lands 11 
are referred to as the “covered lands” or the lands subject to Washington Forest Practices 12 
Rules in this Final Environmental Impact Statement (FEIS).   13 

In addition to displaying the covered lands, Figure 3-1 displays the 12 analysis regions 14 
(Appendix A, Regional Summaries).  These analysis regions are used as the basis for 15 
describing some of the regional aspects of the environmental effects in this chapter and 16 
Chapter 5 (Cumulative Effects). 17 

4.1.2 Review of the Alternatives 18 
This subsection is included to provide the reader with a short review of the alternatives, 19 
immediately prior to reading the effects analyses.  This page can be marked, and the short 20 
descriptions can be referred to while reading Chapters 4 and 5.  However, the reader 21 
should refer to Chapter 2, subsection 2.3 (Alternatives Analyzed in Detail) for detailed 22 
descriptions.   23 

This EIS analyzes a No-Action Alternative and three action alternatives (Chapter 2, 24 
Alternatives).  The action alternatives are identified as Alternatives 2, 3, and 4, and the 25 
No-Action Alternative is identified as No Action Alternative 1, which has two scenarios.  26 
A summary description of each of these No-Action scenarios, along with a summary 27 
description of each action alternative is provided below to assist the reader.  28 

4.1.2.1 No-Action Alternative (No Action Alternative 1) 29 
Under this alternative, no Incidental Take Permits (ITPs) or take authorization under any 30 
Endangered Species Act (ESA) Section 4(d) rules would be issued.  This lack of action 31 
would affect the Forest Practices Regulatory Program in a way that is difficult to predict, 32 
and a range of outcomes could result.  Therefore, two scenarios, which represent the 33 
endpoints of the reasonable range of possible outcomes for the Forest Practices 34 
Regulatory Program, have been defined (Chapter 2, Alternatives) to represent the No-35 
Action Alternative (No Action Alternative 1).  Endpoints for this range of outcomes are 36 
defined in Chapter 2 and referred to as No Action Alternative 1-Scenario 1 and No 37 
Action Alternative 1-Scenario 2.  The effects of No Action are displayed for both of these 38 
endpoints in the following subsections, but the actual outcome and the actual effects of 39 
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 Chapter 4 
No Action on the individual resources are likely to fall somewhere in-between these two 1 
scenarios.   2 

No Action Alternative 1-Scenario 1 3 
Under No Action Alternative 1-Scenario 1, no incidental take would be authorized, and 4 
the current rules (which are based on the Forests and Fish Report [FFR] and became 5 
effective in July 2001) would remain in effect until altered through the adaptive 6 
management program.  However, the amount of collaboration and participation among 7 
Forests and Fish stakeholders in adaptive management, associated monitoring, and other 8 
program elements that depend partly on landowner support and voluntary participation, 9 
would be reduced from the status quo.  As a result, there would be less public funding for 10 
these non-regulatory elements, and the ability to modify the rules over time, based on 11 
scientific research, would also be reduced. 12 

No Action Alternative 1-Senario 2 13 
Again, under No Action Alternative 1-Scenario 2, no ITP would be authorized, and the 14 
current rules (which are based on the FFR and became effective in July 2001) would 15 
remain in effect, initially.  However, the Washington State Legislature would likely direct 16 
the Washington Forest Practices Board to repeal the current State rules and re-adopt the 17 
less-restrictive rules that were in effect on January 1, 1999.  If this were to occur, there 18 
would be less stakeholder participation and support of adaptive management, associated 19 
monitoring, and other program elements that depend partly on landowner support and 20 
voluntary participation as well as substantial reductions in public funding. 21 

4.1.2.2 Alternative 2 22 
Under Alternative 2, the Services would issue ITPs to the State of Washington, based on 23 
implementation of the proposed statewide Forest Practices Habitat Conservation Plan 24 
(FPHCP).  This FPHCP incorporates the current Washington Forest Practices Rules 25 
(which are based on the FFR and became effective in July 2001).  The ITPs would be 26 
valid for a term of 50 years.  Because of greater regulatory certainty, stakeholder support 27 
and participation, public funding for adaptive management, associated monitoring, and 28 
other program elements that depend on landowner support and voluntary participation 29 
would be expected to continue at present levels, maintaining high effectiveness. 30 

4.1.2.3 Alternative 3 31 
Under Alternative 3, the Services would not issue ITPs, but NMFS would issue findings 32 
under its existing ESA Section 4(d) rule that would limit the application of the 33 
prohibition against take so that it did not apply to forest practice activities in Washington.  34 
USFWS would adopt a new Section 4(d) rule for bull trout (the USFWS has not, as of 35 
yet, initiated any such rule-making, which is subject to public comment).  As a result, the 36 
take of species, currently listed as threatened (except for the Snake River races - See 37 
subsection 2.3.3.1, Alternative 3, General Description), would be authorized based on 38 
continued implementation of the current Washington Forest Practices Rules (which are 39 
based on the FFR and became effective in July 2001).  Take authorization under this 40 
alternative would not apply to endangered species or to species that could be listed as 41 
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threatened in the future.  It would not have specific term duration and could be 1 
terminated.  This alternative would provide landowners with more certainty than under 2 
No Action Alternative 1 (but with less certainty than under Alternative 2).  Therefore, the 3 
level of stakeholder support and participation and public funding for adaptive 4 
management, associated monitoring, and other program elements requiring such support 5 
would likely be higher than under No Action Alternative 1 (either scenario) (but lower 6 
than under Alternative 2). 7 

4.1.2.4 Alternative 4 8 
Under Alternative 4, the Services would issue ITPs to the State of Washington, based on 9 
implementation of a statewide Forest Practices HCP.  This HCP would incorporate a set 10 
of Washington Forest Practices Rules that are more protective of aquatic resources but 11 
more restrictive to landowners than the current rules (which are based on the FFR and 12 
became effective in July 2001).  The ITPs would be valid for a term of 50 years.  13 
Alternative 4 would require action by the State Legislature or a court order to initiate 14 
additional rule-making by the Washington Forest Practices Board to increase protective 15 
measures in the rules.  Because landowners would consider that the rules under 16 
Alternative 4 are over-protective, there would likely be substantially less stakeholder 17 
support and participation and public funding for adaptive management, associated 18 
monitoring, and other program elements.  Under this Alternative, however, the adaptive 19 
management program would be under the direction of the Washington Forest Practices 20 
Board and would be less dependent on landowner support, voluntary participation, and 21 
public funding to produce outcomes.  Based upon the assumption that Alternative 4 22 
provides more conservative rules, there likely would be less emphasis on the need for 23 
adaptive management under this alternative.  The reader should note that much of the 24 
discussion about Alternative 4, in Chapter 4, focuses on the benefits to aquatic resources 25 
resulting from more protective Forest Practices Rules under this alternative.  However, 26 
the potential for landowners to convert their forestlands to other uses, due to the 27 
economic impacts of more protective rules, may reduce the beneficial effects to aquatic 28 
resources. 29 

4.1.2.5 Alternative Groupings 30 
In the detailed effects analysis of biological and physical processes as well as social and 31 
economic issues, distinctions among the alternatives emerge primarily because of two 32 
factors:  First is the regulatory program associated with an alternative.  Second is the 33 
effectiveness over time of the adaptive management program to improve regulations 34 
under each alternative.  While other attributes also create distinctions among the 35 
alternatives, they are often divided into three groupings for ease of comparison in the 36 
following analysis.  No Action Alternative 1-Scenario 2 is generally analyzed separately 37 
because it would result in the January 1, 1999 Washington Forest Practices Rules being 38 
implemented.  Alternative 4 is also analyzed independently because it would result in a 39 
distinct set of more-restrictive rules. 40 

In contrast, No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 each 41 
initially continue current Washington Forest Practices Rules.  The distinction in these 42 
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alternatives lies, therefore, not in the initial regulations, but in the differing effect upon 1 
those initial regulations that would occur over time as a result of the adaptive 2 
management program.  Predicting precisely this effect over time – Which biological 3 
processes will be affected and to what degree?  Which regulatory prescriptions will be 4 
improved and to what degree?  What will be the pace of regulatory improvement? – is 5 
impossible.  Much will depend on the results of research and monitoring projects within 6 
the program itself.  Nevertheless, it is possible to predict the general effectiveness of the 7 
adaptive management program under each alternative based on the amount of 8 
participation and support it receives from stakeholders, as well as likely State and Federal 9 
funding.   10 

To facilitate the analysis of the alternatives, this chapter will first describe the expected 11 
effectiveness of the adaptive management program under each alternative and use three 12 
examples to illustrate how different resource effects might emerge over time.  Following 13 
the discussion of the adaptive management program, the chapter will analyze the initial 14 
regulatory program associated with the three groupings of alternatives.  The reader then 15 
can estimate how the adaptive management program would affect resources under each 16 
alternative over time. 17 

4.1.3 Available Information 18 
Less than complete knowledge exists about many of the resource conditions and their 19 
relationships with watershed input processes and forest practices.  Physical and 20 
ecological relationships associated with riparian management in forested landscapes 21 
represent a complex and evolving science.  In developing the environmental effects 22 
sections of this EIS, the analysis team examined the available data and knowledge about 23 
relationships used to estimate the effects of the alternatives.  The data and level of 24 
analysis used were commensurate with the importance of possible effects.  Much of the 25 
analysis was based on the geographic information system (GIS) databases of Washington 26 
DNR and other agencies, using the most current databases available. 27 

When encountering an information gap, the analysis team generally either collected the 28 
information or developed the information through modeling.  In some cases, however, the 29 
effort required to obtain the information was prohibitively expensive or required too long 30 
a period of time, relative to the value of the information to be obtained.  In these cases, 31 
the team concluded that the missing information would have added precision to estimates 32 
or better specified a relationship; however, they concluded that the basic data and central 33 
relationships were sufficiently well established in the respective sciences that the new 34 
information would be very unlikely to change conclusions.  Thus, the new information 35 
would have added precision, but was not considered necessary to provide adequate 36 
information for the decision-makers to make a reasoned choice among the alternatives. 37 

4.1.4 Evaluation Criteria and Effects Evaluations 38 
Evaluation criteria for resource effects are defined for each of the resource topic areas 39 
within their individual subsections in this chapter.  The criteria are briefly described 40 
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immediately before the detailed discussion of environmental effects for each resource 1 
topic.  2 

The scientists who conducted the analysis for this EIS based the effects analysis on best 3 
professional judgment after weighing all of the quantitative and qualitative evaluation 4 
criteria that were developed, as well as their review of the scientific literature.  They also 5 
considered the fact that each alternative incorporates a level of effectiveness for the 6 
associated adaptive management program, allowing for change in the rules over time 7 
based on feedback from research and monitoring activities.  The efficiency and time-lag 8 
involved for each adaptive management program was also evaluated. 9 

Finally, the issue of uncertainty was considered.  Because lack of information sometimes 10 
existed to make definitive statements regarding effects, some uncertainty is associated 11 
with each effects analysis.  In a few cases, the amount of uncertainty associated with the 12 
analysis is quite high; in these cases, the high uncertainty is noted along with a 13 
description of the expected effects.  Further, in a few cases the amount of uncertainty will 14 
likely change over time; this type of uncertainty is also noted and the potential effects 15 
described. 16 

As described in Chapter 2, the FPHCP and associated ITP have a proposed permit 17 
duration of 50 years.  Consequently, the effects analysis in the EIS generally considers 18 
“long term” to mean approximately a 50-year period, but in some circumstances could be 19 
longer.  Given the definition of “long-term,” a “short-term” period is considered to be 20 
less than 10 years. 21 

4.1.5 Adaptive Management 22 
Adaptive management is often used in habitat conservation planning as a means of 23 
addressing scientific uncertainty regarding the biological requirements of covered species 24 
and/or the cause-and-effect relationships between proposed management actions and 25 
those species.  The primary benefit of incorporating adaptive management in 26 
conservation plans is to provide a mechanism for changing management prescriptions 27 
necessary to meet the goals, objectives, and targets of the plan and to ensure the adequate 28 
protection of covered species.  The alternatives presented in Chapter 2 of this FEIS 29 
describe differing levels of collaboration and support for the adaptive management 30 
program developed within the FFR and, in the case of Alternative 4, describe a non-FFR 31 
adaptive management program that operates without the requirement of collaboration 32 
embodied in the Timber, Fish, and Wildlife (TFW) Agreement and the FFR.  As 33 
described in Chapter 2, differing levels of collaboration and support for the adaptive 34 
management program would have implications on its effectiveness in the protection of 35 
covered species and their habitats for the other alternatives (Table 4.1-1). 36 

Collaboration and support for adaptive management manifests itself in a wide variety of 37 
ways, all of which have implications for its effectiveness. Collaborating interests 38 
establish and pursue joint priorities through the adaptive management program.  39 
Landowners identify and contribute forest sites for both short term and long term 40 
research.  Access to private lands is provided to monitoring crews.  Scientific expertise is  41 
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Table 4.1-1. Differences Between the Alternatives in the Effectiveness of Their Adaptive 1 
Management Research and Monitoring Programs in Meeting Resource 2 
Performance Targets and Differences in Species Coverage by Federal 3 
Assurances (ITPs or ESA Section 4(d) Take Authorization). 4 

DEIS Alternative 
Initial Forest Practices 

Prescriptions 

Effectiveness of Adaptive 
Management Research 

and Monitoring Program 
in Meeting Resource 
Performance Targets 

Species Coverage by 
Federal Assurances 

No Action Alt. 1-
Scenario 2 

Rules in Effect on 
January 1, 1999 Lowest None 

No Action Alt. 1-
Scenario 1 

Current Washington 
Forest Practices Rules Low None 

Alternative 2 Current Washington 
Forest Practices Rules High Aquatic Species 

(ITPs) 

Alternative 3 Current Washington 
Forest Practices Rules Moderate 

Threatened Species 
Covered by ESA 
Section 4(d)  

Alternative 4 More Protective Forest 
Practices Rules Non-FFR (low) Aquatic Species 

(ITPs) 

contributed without reimbursement. Peer review among State, private, Federal, and tribal 5 
biologists increases and maintains the credibility and integrity of ongoing research and 6 
new study designs. The coalition of collaborators effectively advocates for State, Federal, 7 
and private funding of research and monitoring activities. Funding, in turn, improves the 8 
amount, pace, and rigor of scientific investigations conducted under the adaptive 9 
management program.  Finally, maintenance of the collaboration ensures timely 10 
consideration of its recommendations by the Washington Forest Practices Board.   11 
A policy on adaptive management consistent with FFR has been adopted in regulation by 12 
the Washington Forest Practices Board to further the purposes of the Forest Practices Act 13 
(Washington Administrative Code [WAC] 222-12-045).  It is designed to rely on the 14 
collaboration and support embedded in FFR to modify the regulations and their 15 
application by ensuring that any modification be based on cooperative research, 16 
monitoring and evaluation (Chapter 2, Alternatives).  Because of this reliance, varying 17 
degrees of effectiveness in the adaptive management program will result in differing rates 18 
of improvement in the Washington Forest Practices Rules over time.  In addition, each 19 
alternative has a different level of uncertainty associated with its degree of effectiveness 20 
at protecting covered species and their habitats.  Therefore, adaptive management may be 21 
a more important component for an alternative with more uncertainty versus an 22 
alternative with less uncertainty.  For example, some of the prescriptions in No Action 23 
Alternative 1-Scenario 2 have high levels of uncertainty.  Thus, a robust and 24 
comprehensive adaptive management program would be critical to ensuring prescriptions 25 
are improved through research and monitoring.  26 
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The regulatory prescriptions under No Action Alternative 1-Scenario 1, Alternative 2, 1 
and Alternative 3 are more restrictive than No Action Alternative 1-Scenario 2, and have 2 
less uncertainly associated with their effectiveness.  Still, some uncertainty exists.  Thus, 3 
adaptive management is important, although probably less so than with No Action 4 
Alternative 1-Scenario 2.  Although the initial regulatory program under No Action 5 
Alternative 1-Scenario 1, Alternative 2, and Alternative 3 are the same (i.e., the existing 6 
FFR-derived rules), the differences in the effectiveness of the adaptive management 7 
program, and the resulting effects over time on improvements in the rules by the 8 
Washington Forest Practices Board, distinguish these alternatives from each other 9 
(Figure 4.1-1).  10 

Alternative 4 has the most restrictive protection measures and therefore the least 11 
uncertainty associated with its effectiveness.  Because the regulatory program under 12 
Alternative 4 presents fewer scientific uncertainties at the outset, there would be reduced 13 
resource uncertainties for the adaptive management program under Alternative 4 to 14 
address initially.  However, uncertainty may increase over time as a consequence of 15 
actions likely to result from the more restrictive Alternative 4 (e.g., extensive, no-harvest 16 
buffers).  Likely outcomes would include: 1) an increase in the rate of forestland 17 
conversion, particularly in areas around Puget Sound, 2) an increased incidence of forest 18 
health problems such as insect and disease outbreaks, and 3) an increase in the likelihood 19 
of wildfire.  The adaptive management program under Alternative 4 would be solely 20 
dependent upon State funding and directed by the Washington Forest Practices Board 21 
with no collaborative, consensus-based policy committee to serve in an advisory 22 
capacity.  23 

This subsection outlines the differences in the adaptive management processes among 24 
alternatives. Because those differences are largely qualitative, it is not possible to 25 
accurately predict how or when those differences would manifest themselves in future 26 
specific changes to rules or future effects on resource values.  However, examples can 27 
illustrate how the differences in the adaptive management program would lead to 28 
differing effects among these alternatives over time.  29 

4.1.5.1 Evaluation Criteria 30 
The evaluation of adaptive management is based on its effectiveness as a result of the 31 
degree of program support likely provided under each alternative.  Support is measured 32 
qualitatively in terms of expected participation and collaboration by stakeholders and 33 
expected future funding (See discussion above).  The evaluation also uses examples from 34 
the current adaptive management program research and monitoring topics to describe the 35 
implications of varying levels of program support in terms of habitat effects.  That is, 36 
given different levels of program support, how might habitat conditions for fish and 37 
target amphibians be affected?  The examples have been taken from Schedule L-1 of the 38 
FFR (FPHCP Appendix B).  Schedule L-1 lists research and monitoring priorities that are 39 
designed to address the greatest scientific uncertainties surrounding the recommended 40 
FFR protection measures (which are now included in the Washington Forest Practices 41 
Rules).  Schedule L-1 serves as the basis for research and monitoring project 42 
development.  The results of research and monitoring efforts will allow policymakers to 43 
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determine if it is necessary to modify Washington Forest Practices Rules to achieve 1 
established performance goals, resource objectives, and performance targets (for a 2 
complete description of adaptive management program performance goals, resource 3 
objectives, and performance targets, see Chapter 2, Alternatives, of this document). 4 

Figure 4.1-1. Comparison of the Effectiveness of Adaptive Management 5 
Research and Monitoring Program in Meeting Resource 6 
Performance Targets for No Action Alternative1-Scenario 1, 7 
Alternative 2, and Alternative 3. 8 

 9 
 10 

The evaluation of the adaptive management program considers, in the discussion below, 11 
three research and monitoring topics from Schedule L-1 to illustrate differences among 12 
Alternatives 1, 2, and 3.  The three environmental topics considered include temperature, 13 
large woody debris (LWD), and sediment.  The topics selected represent current high 14 
priorities within the Cooperative Monitoring, Evaluation, and Research (CMER) 15 
Committee’s effectiveness and validation monitoring program.  This program includes 16 
projects designed to test the effectiveness of management prescriptions in meeting 17 
established performance goals, resource objectives, and performance targets as well as 18 
projects designed to validate existing performance targets. 19 
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In addition to the effectiveness and validation monitoring issues referenced above, the 1 
evaluation also considers the effects of the alternatives on three other Adaptive 2 
Management research and monitoring programs: extensive monitoring, intensive 3 
monitoring, and rule implementation tool development.  These three programs are 4 
designed to track the status and trends of key environmental elements (extensive 5 
monitoring), to evaluate the effectiveness of management prescriptions in preventing 6 
cumulative watershed effects (intensive monitoring), and to develop technology-based 7 
tools that facilitate implementation of the Washington Forest Practices Rules and the 8 
Forest Practices Regulatory Program in general (rule implementation tool development). 9 

The following paragraphs describe the level of adaptive management program support 10 
likely provided under each alternative and the expected effects on habitat conditions. 11 

4.1.5.2 Evaluation of Alternatives 12 
Overview of Effects 13 
No Action Alternative 1-Scenario 1 14 
Under No Action Alternative 1-Scenario 1, the adaptive management program would 15 
follow its current format and structure (WAC 222-12-045; subsection 2.3.2.2, 16 
Washington Forest Practices Rules and Program – Specific Description).  However, the 17 
effectiveness of the program would likely be low (although slightly higher than under No 18 
Action Alternative 1-Scenario 2) as a result of not receiving the anticipated regulatory 19 
certainty provided by ESA take authorization.  This reduction would be in the form of 20 
decreased participation by stakeholders from status quo, particularly commercial timber 21 
landowners to whom the regulatory certainty is a priority, and a resulting reduction in 22 
contributed resources and funding for implementation.  Funding levels affect the amount, 23 
pace, and rigor of adaptive management research projects.  24 

Currently, CMER has high priority research and monitoring projects identified, and work 25 
is underway in several areas (FPHCP Appendix H).  Under No Action Alternative 1-26 
Scenario 1, funding at levels below projections would cause a re-prioritization of research 27 
and monitoring.  Projects would probably be delayed or not conducted as a result of less 28 
participation and less funding.  A reasonable assumption is that only the highest priority 29 
effectiveness and validation projects and/or rule implementation tool projects would 30 
proceed, and the timeline for completion would be extended.  Also, it is likely that little if 31 
any extensive and intensive monitoring would be conducted under this alternative. 32 

Relative to No Action Alternative 1-Scenario 2, the adaptive management program under 33 
No Action Alternative 1-Scenario 1 is expected to have a slightly higher level of 34 
effectiveness because of a moderate amount of stakeholder participation and support (i.e., 35 
by those not relying on Federal assurances to provide regulatory certainty).  Commercial 36 
timber landowners are not assumed to be a part of the collaboration under No Action 37 
Alternative 1-Scenario 1 because of the lack of the anticipated regulatory certainty 38 
provided by Federal assurances.  Landowner contributions of technical expertise, forest 39 
sites for research, access, and support for funding could not be assumed.  40 
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No Action Alternative 1-Scenario 2 1 
Under No Action Alternative 1-Scenario 2, the adaptive management program would be 2 
required to follow the format that was in the rules in effect on January 1, 1999.  3 
Regulations at that time required DNR to report to the Washington Forest Practices 4 
Board on opportunities to modify the regulations when baseline data, monitoring, 5 
evaluation or the use of interdisciplinary teams showed that such adaptive management 6 
would better meet the purposes and policies of the Forest Practices Act.   7 

Although the same stakeholders that had embarked upon the FFR effort by 1999 would 8 
be involved under No Action Alternative 1-Scenario 2, the level of collaboration and 9 
support under this scenario is expected to be less than that found under No Action 10 
Alternative 1-Scenario 1.  This scenario assumes that: 1) federal assurances are not 11 
provided, and 2) that the regulations “roll back” to those in effect on January 1, 1999.  As 12 
a result, neither landowners nor public resource advocates would have gained benefits 13 
anticipated through FFR.  Even though still required by the rules, support for the adaptive 14 
management program would be limited by the collaborators.  Advocacy for public 15 
funding of collaborative adaptive management would be minimal.  In addition, the pre-16 
1999 adaptive management program included much less specific statutory and regulatory 17 
direction about the purpose of the program.  It is reasonable to assume that the program 18 
would suffer from that lack of direction, and agreement would be more difficult to reach 19 
on how to spend very limited resources, compared with current conditions. 20 

Alternative 2 21 
Under Alternative 2, the adaptive management program would continue to follow its 22 
current format and structure (WAC 222-12-045; subsection 2.3.2.2, Washington Forest 23 
Practices Rules and Program – Specific Description).  Receiving ESA take authorization 24 
through Section 10 of the ESA would provide the full extent of the regulatory certainty 25 
anticipated by FFR collaborators. As a result, Alternative 2 anticipates robust 26 
participation and support for the adaptive management program by collaborators, thereby 27 
achieving the full potential of its effectiveness.  Under this alternative, it is expected that 28 
the program would continue to receive funding at anticipated levels and address scientific 29 
uncertainties at the anticipated pace and with anticipated rigor (FPHCP Appendix H).  30 

Effectiveness of the adaptive management program under this alternative would be 31 
higher than under No Action Alternative 1-Scenario 1and substantially higher than under 32 
No Action Alternative 1-Scenario 2.  Effectiveness would be the highest relative to all 33 
other alternatives. 34 

Alternative 3 35 
Under Alternative 3, the adaptive management program would continue to follow its 36 
current format and structure (WAC 222-12-045; subsection 2.3.2.2, Washington Forest 37 
Practices Rules and Program – Specific Description).  However, the regulatory stability 38 
afforded by ESA Section 4(d) coverage is only related to species addressed in the 4(d) 39 
rules, and coverage can be modified by the Services through their rule-making authority.  40 
As a result, participation and support by those relying on regulatory certainty would be 41 
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moderate compared to No Action Alternative 1-Scenario 1 (where effectiveness would be 1 
“low”) and No Action Alternative 1-Scenario 2 (where effectiveness would be the 2 
“lowest”).  A reasonable assumption would be that several more effectiveness and 3 
validation projects and/or rule tool projects (i.e., projects that facilitate implementation of 4 
the rules) might be funded than under No Action Alternative 1-Scenario 1 (directly 5 
related to only those few species covered by the 4(d) rule), or that an intensive 6 
monitoring project could be done under Alternative 3 that could not be done under No 7 
Action Alternative 1-Scenario 1.  Again, the timelines for accomplishing these projects 8 
would likely be longer than under Alternative 2 due to less funding and fewer people 9 
willing to participate. 10 

Alternative 4 11 
Under Alternative 4, the adaptive management program would be managed directly by 12 
the Washington Forest Practices Board with no input from the collaborative, consensus-13 
based TFW/FFR Policy Group that exists under No Action Alternative 1-Scenario 1. The 14 
Washington Forest Practices Board would take direct control over all effectiveness and 15 
validation monitoring and determine the need for any research projects relevant to forest 16 
practices.  The DNR, on behalf of the Washington Forest Practices Board, would either 17 
conduct or contract for the research dependent upon available funding. In the absence of 18 
the TFW/FFR Policy Group, a new stakeholder advisory committee would be established 19 
that does not work on a consensus basis and whose membership is approved by the 20 
Washington Forest Practices Board.  Proposals for changes to the rules that are supported 21 
by a simple majority, and even a minority, of the advisory committee may be brought 22 
before the Washington Forest Practices Board for review and decision. 23 

Because Alternative 4 would implement a set of management prescriptions that are not 24 
consistent with the recommendations of the FFR, this alternative would effectively negate 25 
the FFR and the current Forest Practices Regulatory Program.  This would result in a 26 
decrease in public funding for implementation of the FFR and a decrease in the 27 
collaboration and participation among stakeholders, particularly landowner participation, 28 
in the adaptive management program.  29 

Alternative 4 is expected to result in a low level of adaptive management program 30 
support, although that support is not necessary under this alternative for implementation 31 
of the program.  This is because the adaptive management program under this alternative 32 
is directed by the Washington Forest Practices Board.  The effectiveness of the adaptive 33 
management program is expected to be low because research priorities are not currently 34 
established, long-term funding sources unknown, and outcomes (in terms of 35 
improvements in regulations) uncertain.  Further, under Alternative 4 it is unlikely that 36 
stakeholders would reach consensus before the Washington Forest Practices Board on 37 
priorities, funding, or other attributes of the program.  38 

It should be noted that under Alternative 4 there is less biological uncertainty associated 39 
with the effectiveness of the protection measures initially and, therefore, less need for an 40 
adaptive management program, regardless of its effectiveness.  However, the level of 41 
uncertainty would be expected to increase over time as a result of implementing the more 42 
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restrictive protection measures.  The results would likely include an increase in the rate of 1 
forestland conversion, an increase in the incidence of forest health problems, and an 2 
increased in the likelihood of wildfire.  Such consequences would be expected to offset 3 
some of the resource benefits associated with the more restrictive protection measures.  4 

Detailed Effects Analysis 5 
The varying levels of support for the adaptive management program described above 6 
have implications for the protection of fish and target amphibians, and for doing so at the 7 
least possible economic cost.  The primary purpose of any adaptive management program 8 
is to provide credible, scientifically sound information to facilitate rule changes to meet 9 
established goals, objectives, and targets. Under the adaptive management program 10 
included in the No Action Alternative 1, Alternative 2 and Alternative 3, adequate 11 
program support is essential to ensure an effective adaptive management program and, 12 
therefore, proper resource protection.  Alternative 4 does not require the same level of 13 
participation and support to function, but may lack priority-setting and funding necessary 14 
to assess regulatory prescription effectiveness where forestland conversion, forest health, 15 
and wildfire issues may pose a problem.    16 

The information generated through adaptive management typically describes the degree 17 
to which management prescriptions affect a particular environmental element.  For 18 
example, a monitoring project may evaluate the effect of Riparian Management Zone 19 
(RMZ) prescriptions on stream water temperatures.  The environmental element (in this 20 
case temperature), in turn affects the quality and/or quantity of habitat for a particular 21 
species (e.g., bull trout).  In the absence of adaptive management, it is difficult to 22 
accurately assess the degree to which management prescriptions maintain or alter 23 
environmental elements which, in turn, affect covered species. 24 

This subsection describes the expected effects of the alternatives on several key 25 
environmental elements from an adaptive management standpoint.  The evaluation 26 
focuses on current research and monitoring priorities related to temperature, LWD, and 27 
sediment to illustrate by example how varying levels of support for an adaptive 28 
management program may affect these environmental elements, and ultimately, habitat 29 
for fish and target amphibians.  Later in this chapter, the reader may use these examples 30 
to assess how varying levels of support and, therefore, effectiveness of the adaptive 31 
management program would affect other resource attributes over time. 32 

Temperature 33 
Schedule L-1 of the FFR includes 11 different research and monitoring issues related to 34 
water temperature (FPHCP Appendix B).  The issues include both effectiveness and 35 
validation monitoring topics.  One effectiveness monitoring topic is listed as: 36 

Test the cumulative effect (at basin scale) of the westside Type N smart buffers in meeting 37 
temperature targets (page 124, FFR). 38 

“Smart buffers” refers to the initial Type Np buffering strategy described under No 39 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3 where RMZs are required along 40 
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50 percent of the length of Type Np stream reaches and including all sensitive sites. 1 
“Temperature targets” refers to the State water quality standards for water temperature. 2 
This Schedule L-1 issue, referred to as the “Type Np Buffer Effectiveness” project, will 3 
be used to describe how varying levels of adaptive management program effectiveness 4 
under the different alternatives may affect water temperature and habitat conditions for 5 
fish and target amphibians. 6 

Implementation of the Type Np Buffer Effectiveness project would provide information 7 
regarding the degree to which the Type Np buffer strategy affects water temperatures both 8 
within Type Np stream reaches and at the upstream end of the fish-bearing network.  The 9 
results would have important implications for the protection of water quality and fish 10 
(particularly bull trout) and amphibian habitat.  If the results affirm the effectiveness of 11 
the initial buffer strategy, it is unlikely any modifications to the rules would be necessary.  12 
If, however, the results indicate the buffer strategy is ineffective or only partially 13 
effective, policymakers would at the conclusion of the study have the information 14 
necessary to modify the rules to better ensure water temperature standards were met.  In 15 
this instance, scientists responsible for the monitoring could recommend the most 16 
effective way to modify the management prescriptions to meet temperature targets. 17 
Finally, if the study was not implemented at all, policy makers would gain no information 18 
that would help resolve uncertainties and address any adverse effects.  In fact, policy 19 
makers may not be aware that adverse impacts were occurring.  20 

Under No Action Alternative 1-Scenario 1, improvements to the rules rely on the 21 
collaborative adaptive management program adopted by the Washington Forest Practices 22 
Board.  Because the effectiveness of the adaptive management program in this scenario is 23 
low (See discussion above), improvements would be delayed and uncertain.  The 24 
potential exists under Scenario 1 that the project would not be funded or pursued at all.  If 25 
the buffer strategy is ineffective or only partially effective, resource impacts could be 26 
significant if the protection measures are ineffective.  Policymakers would not gain for 27 
some time, if at all, the information with which to improve the regulations.  28 

The outcome under No Action Alternative 1-Scenario 2 would be similar to that in 29 
Scenario 1.  However, even greater resource impact is possible because the buffering 30 
strategy for Type 4 streams under the January 1, 1999 Washington Forest Practices Rules 31 
was less protective than the current rules, and the adaptive management program under 32 
this alternative is degraded further from that in Scenario 1.  Under No Action 33 
Alternative 1-Scenario 2, the Type Np Buffer Effectiveness project would need to be re-34 
defined given the different buffering strategies of the rules.  Further, it is possible that the 35 
research would not be conducted at all because under this scenario the adaptive 36 
management program is without support as a result of the absence of stakeholder 37 
participation, support, and funding. 38 

Under Alternative 2, adaptive management would receive a high level of support, both in 39 
terms of public funding and stakeholder participation as a result of the regulatory 40 
certainty provided by federal assurances.  It is highly likely that the Type Np Buffer 41 
Effectiveness project would be pursued as a high priority within the adaptive 42 
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management program, even as other priority research projects derived from Schedule L-1 1 
are pursued (FPHCP Appendix B, Schedule L-1; FPHCP Appendix H).   2 

In cases where monitoring results indicated the buffer strategy was ineffective or partially 3 
effective, Alternative 2 would result in substantially fewer temperature impacts to 4 
covered species than under either scenario of No Action Alternative 1 because: 5 
1) adequate program funding and participation would result in timely project 6 
implementation, 2) timely project implementation would produce results in the shortest 7 
time frame, 3) adequate program support would ensure a comprehensive project scope 8 
(i.e., a broad distribution of study sites across space and time), and 4) the collaborative 9 
nature of the project would ensure prompt and serious consideration by the Washington 10 
Forest Practices Board of recommendations of TFW/FFR Policy Group.   11 

Under Alternative 3, the adaptive management program would be required to maintain 12 
the format and structure as adopted by the Washington Forest Practices Board, the same 13 
as under both scenarios of No Action Alternative 1. The adaptive management program 14 
would have adequate stakeholder support as a result of the level of regulatory certainty 15 
offered under the ESA Section 4(d) rules.  Program funding and participation under 16 
Alternative 3 would be moderate, resulting in the adaptive management program 17 
achieving moderate effectiveness in the amount, pace, and rigor of research projects 18 
relative to No Action Alternative 1.  In cases where the initial Type Np buffer strategy 19 
was ineffective or only partially effective in meeting temperature targets, the adaptive 20 
management program under Alternative 3 would provide feedback to decision-makers 21 
more-promptly than under either scenario in No Action Alternative 1 (but delayed 22 
relative to Alternative 2).   23 

The scope of a project addressing temperature targets under Alternative 3 would be 24 
superior to the scope of efforts under No Action Alternative 1.  However, it should be 25 
noted that the scope would be limited to effects on threatened species covered by the 26 
specific ESA Section 4(d) rules, likely not including amphibians or fish species not 27 
currently listed under the ESA and those listed species not covered by a Section 4(d) rule.  28 
As a result, the scope of a project would also be limited relative to the scope likely 29 
available under Alternative 2.   30 

Under Alternative 4, adaptive management would not rely on the support of stakeholders, 31 
but rather be directed by the Washington Forest Practices Board subject to available State 32 
funds.  Project implementation and scope would be determined by the Washington Forest 33 
Practices Board, also subject to available financial resources.  Given the higher levels of 34 
protection for Type Np waters under Alternative 4, the likelihood of negative temperature 35 
effects is lower compared to either scenario of No Action Alternative 1.  This somewhat 36 
mitigates the potential effects relative to No Action Alternative 1 that could occur if the 37 
Washington Forest Practices Board did not address the uncertainty through adaptive 38 
management, or did so slowly.  The priority for such a project may increase over time as 39 
the effects of increased forestland conversion, forest health issues, and wildfire affect 40 
broad, landscape-level resource protection in some watersheds.  Lack of funding or the 41 
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inability to establish priorities for adaptive management could affect the Washington 1 
Forest Practices Board’s response to such emerging issues. 2 

The effects of the alternatives on a single effectiveness monitoring project have been 3 
described above.  In addition to effectiveness monitoring, the adaptive management 4 
program also includes temperature-related extensive and intensive monitoring projects 5 
and projects that involve the development of temperature-related rule implementation 6 
tools.  The effects of the alternatives on these adaptive management sub-programs are 7 
expected to follow the same trends as described for effectiveness monitoring:  Under No 8 
Action Alternative 1-Scenario 1, projects would likely be delayed, lack scope, and lack 9 
rigor relative to status quo and other alternatives.  Under No Action Alternative 1-10 
Scenario 2, it is likely that the projects simply would not be pursued.  Projects are likely 11 
to be funded and implemented in a timely manner under Alternative 2, particularly 12 
compared to both scenarios under No Action Alternative 1.  Under Alternative 3, projects 13 
are more likely to be implemented than under No Action Alternative 1, but less likely 14 
than under Alternative 2.  Under Alternative 4, project implementation would be subject 15 
to the priority setting of the Washington Forest Practices Board and available funding.  16 
While the need for a robust and comprehensive adaptive management program may be 17 
less at the outset due to less resource protection uncertainty, that need likely increases 18 
over time, and the Washington Forest Practices Board would need to prioritize limited 19 
resources to areas of highest uncertainty.  The lack of funding under Alternative 4 would 20 
likely limit the Washington Forest Practices Board’s ability to respond with a robust and 21 
rigorous monitoring program. 22 

Large Woody Debris 23 
Schedule L-1 of the FFR includes a validation monitoring topic listed as: 24 

Validate the Desired Future Condition targets within two years of report (page 126, 25 
FFR). 26 

The “desired future condition” (DFC) targets refer to the basal area (See Glossary) targets 27 
that apply to Type S and F RMZs under No Action Alternative 1-Scenario 1 and 28 
Alternatives 2 and 3.  This Schedule L-1 issue, referred to as the DFC Validation project, 29 
will be used to describe how varying levels of adaptive management program 30 
effectiveness under the different alternatives may affect LWD recruitment and habitat 31 
conditions for fish and target amphibians.  Because there is a level of uncertainty with 32 
regard to the accuracy of current RMZ basal area targets, the DFC Validation project 33 
would be a high priority within the adaptive management program.   34 

Implementation of the DFC Validation project would provide information regarding the 35 
degree to which current basal area targets reflect basal areas in natural, unmanaged 36 
stands.  The results would have implications for LWD recruitment, for fish and 37 
amphibian habitat, and potentially for increased economic gain.  If the results validate the 38 
existing targets, it is unlikely any modifications to the rules would be necessary.  If, 39 
however, the results indicate the targets are not representative of natural, unmanaged 40 
stands, policymakers would have the information necessary to modify the targets.  41 
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Scientists responsible for monitoring could explain the most effective way to modify 1 
management prescriptions to meet performance targets.  Finally, if the study was not 2 
implemented at all, policy makers would gain no information to would help resolve 3 
uncertainties and to address any adverse effects, whether they are related to resources or 4 
economics.  5 

The adaptive management program under No Action Alternative 1-Scenario 1 would 6 
have a low level of effectiveness relative to other alternatives (although slightly higher 7 
than under No Action Alternative 1-Scenario 2).  Because the effectiveness of the 8 
adaptive management program under this scenario would be low, improvements would 9 
be delayed and uncertain.  The potential exists under Scenario 1 that the project would 10 
not be funded or pursued at all.  If, in fact, the basal area targets are incorrect 11 
policymakers would not gain for some time, if at all, the information with which to 12 
improve the regulations.  13 

Because No Action Alternative 1-Scenario 2 does not use basal area targets for riparian 14 
management, the DFC Validation project would not be necessary under this scenario.  15 
However, some form of monitoring would be necessary to evaluate the effectiveness of 16 
the January 1, 1999 Washington Forest Practices Rules RMZ leave tree requirements in 17 
providing adequate habitat.  Because the RMZ leave tree requirements under this 18 
alternative are unlikely to provide adequate LWD recruitment, such monitoring would 19 
provide important information for policymakers when considering rule modifications.  20 
The low level of support for adaptive management under No Action Alternative 1-21 
Scenario 2 would likely delay or limit the scope of any monitoring effort, if one was 22 
developed.  Because Scenario 2 involves the “roll back” of regulations to those in effect 23 
on January 1, 1999 and a less functional adaptive management program, it also presents 24 
the highest likelihood for adverse resource effects relative to all alternatives. 25 

Under Alternative 2, adaptive management would receive a high level of support, both in 26 
terms of public funding and stakeholder participation.  It is highly likely under 27 
Alternative 2 that the DFC Validation project would be pursued.  In cases where 28 
monitoring results indicated existing targets were incorrect, this Alternative would result 29 
in the fewest adverse habitat impacts among all alternatives, particularly relative to both 30 
scenarios in the No Action Alternative 1.  This is the case because: 1) adequate program 31 
funding and participation would result in relatively rapid project implementation, 32 
2) relatively rapid project implementation would produce results in the shortest time 33 
frame, 3) adequate program support would ensure a comprehensive project scope (i.e., a 34 
broad distribution of study sites across space and time), and 4) the collaborative nature of 35 
the adaptive management program would ensure serious and timely consideration of 36 
TFW/FFR Policy Group recommendations by the Washington Forest Practices Board. 37 

Under Alternative 3, the adaptive management program would be required to maintain 38 
the format and structure as adopted by the Washington Forest Practices Board, the same 39 
as under No Action Alternative 1-Scenario 1 and Alternative 2.  The adaptive 40 
management program under Alternative 3 would likely receive moderate stakeholder 41 
support as a result of the level of regulatory certainty offered under the ESA Section 4(d) 42 
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rules.  Program funding and participation under Alternative 3 would be moderate, 1 
resulting in the adaptive management program achieving moderate effectiveness in the 2 
amount, pace, and rigor of research projects relative to No Action Alternative 1.  In cases 3 
where the basal area targets were found to be incorrect, the adaptive management 4 
program under Alternative 3 would provide feedback to decision-makers more-promptly 5 
than under either scenario in No Action Alternative 1 (but with a delay in project 6 
implementation relative to status quo or Alternative 2).  Alternative 3 includes the 7 
potential of delay or a limit on the scope of the project due to funding constraints that are 8 
derived from the more-limited support as a result of the more-limited regulatory certainty 9 
provided by federal assurances under ESA Section 4(d).  If the scope were limited, the 10 
potential exists that the forthcoming data would not be persuasive to decision-makers or 11 
that it would require a limitation on the applicability of the results.  Both outcomes could 12 
mean that regulations would be improved relative to the scenarios under the No Action 13 
Alternative, but less effectively than under Alternative 2.  Adverse resource effects due to 14 
insufficient LWD inputs would occur until regulations were improved, but the 15 
improvements would occur more rapidly than under No Action Alternative 1.   16 

Under Alternative 4, RMZs are treated as no-harvest areas.  Therefore, the DFC 17 
Validation project may not be necessary.  Some form of effectiveness monitoring would 18 
be required if the Washington Forest Practices Board elected to evaluate the effectiveness 19 
of management prescriptions in providing adequate habitat.  However, the greater degree 20 
of riparian protection offered by Alternative 4 increases the likelihood that management 21 
prescriptions directed at wood recruitment may be effective and may mitigate the need 22 
for such monitoring relative to No Action Alternative 1-Scenarios 1 and 2.  However, 23 
without an adaptive management strategy, it would be difficult to determine whether a 24 
no-harvest buffer achieves or exceeds the desired habitat conditions in supplying large 25 
wood for recruitment. Also, the economic impact of such buffers would likely lead to 26 
increased conversion of forestlands to other uses.  Also, no-harvest buffers may increase 27 
the incidence of forest health problems and wildfire.  The ability of the Washington 28 
Forest Practices Board to monitor the effects of these other factors in the future would be 29 
limited under Alternative 4.   30 

Sediment 31 
Schedule L-1 of the FFR includes six different research and monitoring issues related to 32 
sediment.  The issues include both effectiveness and validation monitoring topics.  One 33 
effectiveness monitoring topic is listed as: 34 

Determine the effectiveness of road maintenance BMPs (best management practices) on 35 
a site- and subbasin-scale in meeting road sediment targets (page 127, FFR). 36 

This Schedule L-1 issue, referred to as the Roads BMP Effectiveness project, will be used 37 
to describe how varying levels of adaptive management program effectiveness under the 38 
different alternatives may affect road sediment delivery and habitat conditions for fish 39 
and target amphibians over time.  40 
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Implementation of the Roads BMP Effectiveness project would provide information 1 
regarding the degree to which implementation of specific sediment-reduction measures 2 
(via road maintenance and abandonment plans [RMAPs]) are effective in meeting 3 
established performance targets.  The results have important implications for the 4 
protection of water quality and fish and amphibian habitat in both non-fish-bearing and 5 
fish-bearing waters.  If the results affirm the effectiveness of the road BMPs, it is unlikely 6 
any modifications to the rules would be necessary.  If, however, the results indicate some 7 
or all BMPs are ineffective or only partially effective, policymakers would have the 8 
information necessary to modify the rules and Board Manual guidance to better ensure 9 
the performance targets were met.  Scientists responsible for the monitoring could 10 
explain how the management prescriptions could be modified to meet the road sediment 11 
targets. It is also possible that the study would not be implemented at all.  In such an 12 
instance, policy makers would gain no information that would help resolve uncertainties 13 
and address any adverse effects.  14 

The adaptive management program under No Action Alternative 1-Scenario 1 has a low 15 
level of effectiveness relative to other alternatives (although slightly higher than under 16 
No Action Alternative 1-Scenario 2).  Since the effectiveness of the adaptive 17 
management program under this scenario is low, improvements would be delayed and 18 
uncertain.  The potential exists under Scenario 1 that the project would not be funded or 19 
pursued.  Resource impacts would be significant if, in fact, the specific sediment-20 
reduction efforts are ineffective or only partially effective in providing ecological 21 
functions because policymakers would not gain for some time, if at all, the information 22 
with which to improve the regulations.  23 

The adaptive management program under No Action Alternative 1-Scenario 2 has the 24 
lowest effectiveness of all alternatives.  The low level of support for adaptive 25 
management under No Action Alternative 1-Scenario 2 would likely delay or limit the 26 
scope of any effectiveness monitoring effort.  There is a high likelihood that the project 27 
would not be pursued at all.  Because Scenario 2 involves: 1) no federal assurances, 28 
2) the likely “roll back” of regulations to those in effect on January 1, 1999, and 3) a less 29 
functional adaptive management program, it presents the highest likelihood of adverse 30 
resource effects relative to Scenario 1 and all other alternatives. 31 

Under Alternative 2, adaptive management would receive a high level of support, both in 32 
terms of public funding and stakeholder participation.  The likelihood of timely project 33 
implementation would be highest under Alternative 2 relative to No Action Alternative 1 34 
(and all other alternatives) because this alternative would receive broad financial and 35 
stakeholder support compared to the other alternatives. 36 

In cases where monitoring results indicated the BMPs were ineffective or partially 37 
effective, this Alternative would result in the fewest sediment-related impacts to covered 38 
species and their habitat relative to the No Action Alternative 1 and other alternatives 39 
because: 1) adequate program funding and participation would result in relatively rapid 40 
project implementation, 2) relatively rapid project implementation would produce results 41 
in the shortest time frame, 3) adequate program support would ensure a comprehensive 42 
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project scope (i.e., a broad distribution of study sites across space and time), and 4) the 1 
collaborative nature of the adaptive management program would ensure serious and 2 
timely consideration of the recommendations by the Washington Forest Practices Board. 3 

Under Alternative 3, the adaptive management program is expected to maintain the same 4 
format and structure as under both scenarios of No Action Alternative 1 (as adopted by 5 
the Washington Forest Practices Board).  Alternative 3 would likely receive moderate 6 
stakeholder support as a result of the regulatory certainty offered under the ESA Section 7 
4(d) rules over that provided by No Action Alternative 1 (but less than Alternative 2).  8 
Program funding and participation under Alternative 3 would be moderate, resulting in 9 
the adaptive management program achieving moderate effectiveness.  In cases where all 10 
or some road BMPs were ineffective or only partially effective in meeting performance 11 
targets, the adaptive management program under Alternative 3 would provide feedback to 12 
decision-makers more-promptly than under either scenario in No Action Alternative 1 13 
(but with a delay in project implementation relative to status quo or Alternative 2).  As 14 
with the No Action Alternative 1, Alternative 3 includes the possibility that the Road 15 
BMP Effectiveness project would not occur at all.  Alternative 3 also includes the 16 
potential of a limit on the scope of the project due to reduced funding relative to status 17 
quo.  If such were to occur, it would likely limit the applicability of the results or result in 18 
providing data that was insufficient to be persuasive.  These outcomes could result in a 19 
delay or failure to improve regulations, resulting in resource impacts from on-going 20 
sediment-reduction measures that would not meet expectations (if the measures were 21 
found by the project to be inadequate). 22 

Under Alternative 4, some form of effectiveness monitoring would be required if the 23 
Washington Forest Practices Board elected to evaluate the effectiveness of road BMPs in 24 
reducing sediment.  However, given the accelerated RMAP implementation schedule and 25 
the cap on road densities under Alternative 4, the likelihood of sediment effects is lower 26 
compared to Scenario 1 of No Action Alternative 1 and significantly lower compared to 27 
Scenario 2.  This somewhat mitigates the potential effects relative to No Action 28 
Alternative 1 that could occur if the Washington Forest Practices Board failed to pursue 29 
the uncertainty associated with the BMPs through adaptive management, or did so 30 
slowly.  However, the economic impact of more restrictive regulations would likely lead 31 
to increased conversion of forestlands to other uses.  Also, no-harvest buffers may 32 
increase the incidence of forest health problems and wildfire.  These unintended 33 
consequences of Alternative 4 could affect the rate of fine sediment inputs to streams, 34 
and the ability of the Washington Forest Practices Board to monitor the effects of these 35 
other factors in the future would be limited under Alternative 4.  36 

Summary 37 
The preceding subsection provided illustrations of potential effects as a result of the 38 
various levels of effectiveness in the adaptive management program under each of the 39 
alternatives.  As shown in Table S-1 in the Summary, this effectiveness would be low for 40 
No Action Alternative 1-Scenario 1, lowest for No Action Alternative 1-Scenario 2, high 41 
for Alternative 2, and moderate for Alternative 3.  The likelihood of resource impacts 42 
under Alternative 4 is low at the outset, and therefore the need for a robust and 43 
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comprehensive adaptive management program is initially reduced.  However, unintended 1 
consequences of more restrictive protection measures likely increases the likelihood of 2 
negative resource impacts over time, and the Washington Forest Practices Board’s ability 3 
to respond appropriately would likely be limited due to lack of priorities and secure, 4 
long-term funding.  The follow subsections of this Chapter focus on an assessment of the 5 
effects on various resources of the regulatory provisions of each alternative.  Often the 6 
analysis is presented in three groupings of alternatives:  No Action Alternative 1-Scenario 7 
2 (regulations in effect on January 1, 1999); Alternative 4 (more restrictive regulations); 8 
and No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 (existing, FFR-9 
based regulations).  As described above, the effectiveness of the adaptive management 10 
program provides further distinctions among these alternatives, particularly among the 11 
three alternatives within the grouping based on existing, FFR-based regulations.  To 12 
avoid repetition, the remainder of this chapter does not restate the potential impact on 13 
resource effects over time of various levels of adaptive management effectiveness.  14 
Rather, it is suggested that the reviewer continue to consider the previous analysis of 15 
adaptive management when assessing the information on resource effects as described in 16 
the remainder of this chapter. 17 

 18 
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4.2 LAND OWNERSHIP AND USE 1 

4.2.1 Introduction 2 
The alternatives considered in this EIS would not directly affect land ownership; 3 
however, they would modify the level of restrictions on land use to varying degrees.  4 
These changes in restrictions may indirectly change land ownership by creating 5 
incentives to convert land from forest management to other land uses.  Large timber 6 
companies have stated that long-term regulatory certainty and stability are also key 7 
factors in retaining forestlands.  Changing regulations or other potential restrictions have 8 
increased the costs and uncertainty attendant upon investments in timber acquisitions and 9 
harvest activities (Forests and Fish Report 1999 [FPHCP Appendix B]; NMFS and 10 
USFWS 2003; See also individual scoping comment letters).  Potentially affected private 11 
forestland owners include non-industrial private forests and small forest landowners, who 12 
harvest annual average volumes of 2 million board feet or less, as well as large timber 13 
companies with extensive land holdings throughout the State. 14 

4.2.2 Evaluation Criteria 15 
The alternatives being evaluated in this FEIS would directly affect only State, city, 16 
county, and private forestlands being managed for timber production in Washington 17 
State.  No effects on land ownership and use are expected relative to Federal or tribal 18 
lands, or on State lands that are not being managed for timber production (e.g., State 19 
parks and wildlife areas), or on non-forestlands (e.g., agricultural lands).  Therefore, the 20 
effects analysis and the evaluation criteria discussed below relate to these State, city, 21 
county, and private forestlands.   22 

Land use would be directly affected within riparian corridors.  Each of the alternatives 23 
would restrict land use within these corridors to varying degrees.  In addition, riparian 24 
area restrictions could indirectly affect uses on adjacent or nearby non-riparian areas that 25 
are owned or managed by the same landowner or agency.  Therefore, the primary 26 
evaluation criteria for potential land use effects are the type of riparian land use 27 
restrictions associated with each alternative and the amount of land area affected by the 28 
restrictions. 29 

Ultimately, the degree of land use restrictions (both amount and type) could result in 30 
changes in ownership and conversion to other land uses.  Therefore, a second evaluation 31 
criterion for land ownership and use is the degree to which the restriction of land uses 32 
ultimately affects land ownership and conversion to a land use that is not consistent with 33 
forest management. 34 

4.2.3 Evaluation of Alternatives 35 
The effects of the alternatives on land ownership and use are discussed in this subsection.  36 
In reading this discussion, it should be remembered from Chapter 2 (Alternatives) that 37 
under the No Action Alternative 1, no ITPs or ESA Section 4(d) take authorization would 38 
be issued.  However, this lack of action would likely affect the Forest Practices 39 
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Regulatory Program in a way that is difficult to predict.  Therefore, two scenarios, which 1 
represent the endpoints of the reasonable range of possible outcomes for the Forest 2 
Practices Regulatory Program, have been defined (subsection 2.3.1, No Action 3 
Alternative 1) to represent the No-Action Alternative.  The effects of No Action are 4 
displayed for both of these endpoints in the following subsections, but the actual outcome 5 
and the actual effects of No Action on land ownership and use are likely to fall 6 
somewhere between these two scenarios. 7 

4.2.3.1 Direct Restrictions on Forest Land Use 8 
Overview of Effects 9 
Total western Washington RMZ area on private, city, and county lands would be 10 
approximately 631,000 acres under No Action Alternative 1-Scenario 2; 1,322,000 acres 11 
under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3; and 12 
2,695,000 acres under Alternative 4.  These figures represent about 10 percent, 21 13 
percent, and 43 percent of all private, city, and county forestlands in western Washington, 14 
respectively (Note that State forestlands in western Washington are already are subject to 15 
an HCP, see subsection 1.1.2, Washington State’s Habitat Conservation Plan, footnote 1).  16 

In eastern Washington, the total forestland area within RMZs on State and private, city, 17 
and county lands would be approximately 196,000 acres under No Action Alternative 1-18 
Scenario 2; 374,000 acres under No Action Alternative 1-Scenario 1, Alternative 2, and 19 
Alternative 3; and 871,000 acres under Alternative 4.  These figures represent about 6 20 
percent, 11 percent, and 26 percent of all State, private, city, and county forestlands in 21 
eastern Washington, respectively.   22 

Effects Analysis 23 
The primary direct effect of the alternatives on land ownership and use is the amount of 24 
land that is restricted from timber harvest within RMZs.  Figures 4.2-1 and 4.2-2 display 25 
the estimated amount of land where timber harvest would likely be reduced because of 26 
RMZ restrictions under each alternative for western Washington and eastern Washington, 27 
respectively (See DEIS Appendix B for a description of the methods used to estimate 28 
these acres).  State forestlands in western Washington are excluded from these figures 29 
because they are covered under an existing Habitat Conservation Plan (Washington DNR 30 
1997d).   31 

The no-harvest zone (i.e., the most restrictive land use zone) represents the entire RMZ 32 
area for Alternative 4 and somewhat less than half of the total RMZ area for the grouping 33 
of alternatives, which includes No Action Alternative 1-Scenario 1, Alternative 2, and 34 
Alternative 3.  Under No Action Alternative 1-Scenario 2, a no-harvest zone is not 35 
required but may occur in some instances according to the “shade rule” in Section 1 of 36 
the Washington Forest Practices Board Manual (FPHCP Appendix F).   37 
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Figure 4.2-1. Estimated RMZ Areas (acres) on Private Lands1/ in Western 1 
Washington2/ by Alternative (note that private lands include city 2 
and county-owned lands).  3 

1/ Total private forestlands in Western Washington cover approximately 6,289,000 acres. 4 
2/ State forestlands in western Washington are excluded from these figures because they are 5 

covered under an existing Habitat Conservation Plan (Washington DNR 1997d)). 6 
3/ Under No Action Alternative 1-Scenario 2, the rules in effect on January 1, 1999, do not 7 

require a no-harvest zone, however, for modeling purposes, a no-harvest zone was estimated to 8 
allow for comparison to the other alternatives that do require a no-harvest zone. 9 
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Figure 4.2-2. Estimated RMZ Areas (acres) on State and Private Lands1/ in 1 
Eastern Washington by Alternative (note that private lands include 2 
city and county-owned lands).  3 

1/ Total private forestlands in eastern Washington cover approximately 3,365,000 acres. 4 
2/ Under No Action Alternative 1-Scenario 2, the rules in effect on January 1, 1999, do not 5 

require a no-harvest zone, however, for modeling purposes, a no-harvest zone was estimated 6 
to allow for comparison to the other alternatives that do require a no-harvest zone. 7 
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4.2.3.2 Forestland Conversion 1 
Overview of Effects 2 
The existing forest practices regulations were adopted “on the assumption that federal 3 
assurances . . . will be obtained” by June 30, 2005 (subsection 1.3.2, Washington State 4 
Legislative Directive Regarding Federal Assurances).  As a result, the existing rate of 5 
private forestland conversion is, in part, occurring under a level of expectation that 6 
regulatory certainty will be provided by federal assurances (subsection 3.2.4, Forestland 7 
Conversion, for a general description of current and historic conversion in Washington) 8 
and is considered for purposes of analysis to be status quo.  Under No Action Alternative 9 
1-Scenario 1, those regulatory assurances would not be forthcoming, and the regulations 10 
adopted in anticipation of assurances would still remain in effect.  As a result, the rate of 11 
conversion under No Action Alternative 1-Scenario 1 would likely increase from status 12 
quo.   13 

Like Scenario 1, No Action Alternative 1-Scenario 2 includes no federal assurances (and, 14 
therefore, no anticipated regulatory certainty), but the Forest Practices Regulatory 15 
Program is “rolled back” to the rules in effect on January 1, 1999.  This reduction in 16 
restrictions on harvest would likely result in an increase in the value of private forestlands 17 
for timber production and, therefore, the rate of conversion of private forestlands to other 18 
uses would be similar to the status quo, and less than under No Action Alternative 1-19 
Scenario 1. 20 

The Forest Practices Regulatory Program under Alternative 2 would be the same as No 21 
Action Alternative 1-Scenario 1 and more restrictive than No Action Alternative 1 22 
Scenario 2.  However, Alternative 2 would also provide the greatest degree of regulatory 23 
certainty and public funding available for landowner incentive/assistance programs and is 24 
consistent with the expectations inherent under the status quo.  With confirmation of 25 
federal assurances and funding for landowner incentive/assistance programs under 26 
Alternative 2, it is likely that conversion rates would drop slightly from the status quo.  27 
These conversion rates would be slightly lower than under No Action Alternative 1-28 
Scenario 1, but higher than under No Action Alternative 1-Scenario 2.   29 

Alternative 3 provides more regulatory certainty than under No Action Alternative 1.  As 30 
a result, conversion rates under Alternative 3 are anticipated to be lower than under No 31 
Action Alternative 1-Scenario 1, even though the initial Forest Practices Regulatory 32 
Program under these two alternatives is the same.  However, conversion rates under 33 
Alternative 3 would be higher than under No Action Alternative 1-Scenario 2 because of 34 
the more-restrictive regulations under Alternative 3.   35 

Alternative 4 would likely present the highest rate of conversion among all alternatives 36 
because its restrictive regulations would significantly reduce anticipated economic return 37 
to landowners from timber management, particularly small forest landowners.  This is 38 
true even though federal assurances are provided under this alternative. 39 
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Effects Analysis 1 
Many of the aquatic habitat functions described later in Chapter 4 relating to sediment, 2 
water quality, hydrology, and riparian processes, and particularly wood recruitment, 3 
would likely be adversely affected by substantial increases in land use conversion.  While 4 
these effects would tend to be at the site scale, watershed scale effects could occur in 5 
basins with high densities of small landowners and/or in basins in close proximity to 6 
rapidly growing urban areas.  Conversion of forestland to more intense land uses (e.g., 7 
agriculture, residential development) typically is followed by altered hydrologic regimes, 8 
diminished water quality, and reduced riparian function for aquatic species and other 9 
riparian–dependent wildlife.   10 

THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 11 

The problems stemming from forestland conversion and watershed urbanization have 12 
long been known and examined.  Studies examining associations between watershed 13 
development and aquatic system conditions have been conducted since the late 1970s.  In 14 
nearly every watershed where these studies have occurred, the quality and quantity of 15 
aquatic habitat are negatively associated with the percent of effective impervious area in 16 
a watershed (Schueler 1994; King County 1994; May 1996; Thurston County 1998).  17 
Likewise, hydrologic analysis has shown dramatic shifts in stream hydrographs to sharper 18 
peak flows and longer durations as urban development progresses in a watershed.  Such 19 
hydrologic shifts can have adverse effects on aquatic species and habitats that evolved 20 
under forested conditions (Booth and Jackson 1997; Booth et al. 2002Booth et al. 1997 21 
and 2002).  Although stormwater management standards are fairly modern requirements, 22 
they have become more stringent over the last several years as evidence of the 23 
ineffectiveness of structural stormwater management solutions has accumulated. 24 

Recent basin planning efforts in King, Thurston, and other western Washington counties 25 
and cities have taken a different approach and turned to examining non-structural 26 
solutions for minimizing the adverse effects of stormwater run-off and watershed 27 
urbanization (King County 1994; Thurston County 1998).  These planning efforts found 28 
that using structural solutions (e.g., detention facilities, high-flow bypasses) to manage 29 
the increased runoff resulting from watershed urbanization were not meeting acceptable 30 
criteria, even in watersheds that contained suburban and rural zoning densities.  31 
Hydrologic modeling indicated that build-out conditions in these watersheds would result 32 
in unacceptable shifts in stream hydrographs, even if current stormwater drainage design 33 
standards were increased (e.g., doubling the size of detention ponds and cutting release 34 
rates in half).  The alternatives to structural solutions in these situations are land use and 35 
zoning requirements.  Under the Growth Management Act, local jurisdictions have the 36 
authority to set local land-use policy.  Hydrologic modeling has indicated that retaining 37 
60 to 70 percent forest cover in urbanizing watersheds is often more effective at 38 
maintaining existing stream hydrographs under build-out conditions than doubling 39 
stormwater management requirements (King County 1994; Thurston County 1998).  40 
Therefore, an underlying assumption of this analysis is that alternatives that minimize 41 
and mitigate forestland conversion would be beneficial to aquatic habitat. 42 
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END OF NEW TEXT 1 

Limitations on land use resulting from RMZ restrictions may affect the rate of conversion 2 
of affected forestlands to other uses (subsection 3.2.4, Forestland Conversion, for a 3 
general description of current and historic conversion in Washington).  Zobrist (2003) 4 
conducted 10 case studies of small, non-industrial private forest landowners in western 5 
Washington (six in Lewis County and four in Grays Harbor County) under the current 6 
Washington Forest Practices Rules, which would be the same initial rules as under No 7 
Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3.  These case studies 8 
were conducted to help better understand the economic impacts of these rules on small 9 
landowners and the economic implications of these impacts.  One of the implications 10 
considered was the possibility that these rules would lead to an increase in the rate of 11 
conversion of forestland to other non-forested uses. 12 

The results of these case studies indicated that some small landowners could potentially 13 
incur substantial economic losses under these alternatives, with the severity of potential 14 
impacts varying by landowner.  This analysis considered several different harvest 15 
scenarios, including no riparian harvest, harvest in the outer zone only, and harvest in 16 
both the inner and outer zones, and compared forest and land values under each scenario 17 
with the January 1, 1999 Washington Forest Practices Rules, which would be the same as 18 
under No Action Alternative 1-Scenario 2.  Economic losses were greatest under the no 19 
riparian harvest scenario compared to the scenarios that involved partial harvesting in the 20 
riparian zone.  Harvesting in the outer zone reduced economic losses compared to the no 21 
riparian harvest scenario.  Harvesting in both the inner and outer zones further reduced 22 
economic losses in some of the case studies, but the incremental benefit of harvesting in 23 
the inner zone was relatively small (Zobrist 2003). 24 

The case study analysis found that the land value for timber management would be 25 
completely lost in no-harvest areas, such as the core zone and parts of the inner zone, as 26 
these acres could no longer be used for commercial management (Zobrist 2003).  Further, 27 
if buffer restrictions resulted in a large portion of a given property being taken out of 28 
timber production, it could make the entire property unprofitable, because the production 29 
base available to cover fixed production costs would be much smaller.  Also, buffer 30 
restrictions may fragment properties, separating unrestricted areas from one another and 31 
making management unfeasible in these areas, as well as those areas within the RMZ 32 
(Zobrist 2003). 33 

The Forestry Riparian Easement Program, which is part of the current Washington Forest 34 
Practices Rules, is designed to mitigate the economic costs of the riparian rules on small 35 
forest landowners by compensating them directly for a portion of timber volume losses 36 
due to the RMZ restrictions.  Zobrist (2003) concluded that this program can be very 37 
effective at mitigating losses, especially when harvest takes place in the riparian zone.  38 
However, he also identified a number of shortcomings.  First, if participation is high, the 39 
cost will far exceed present funding levels, and it is unlikely that the majority of small 40 
landowners will enjoy the benefits of the program.  Second, the program only 41 
compensates for currently standing timber.  Thus, it does not compensate for the loss in 42 
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land value due to riparian acreage that can no longer be used for forest management 1 
(Zobrist 2003). 2 

The current Washington Forest Practices Rules allow for alternate plans to the current 3 
Washington Forest Practices Rules.  Applicants can propose harvest prescriptions, 4 
including placement of LWD and uneven buffer widths that may be approved by 5 
Washington DNR if the alternate plan provides protection to public resources that is 6 
equivalent to that provided in the specific buffer prescriptions under the current 7 
Washington Forest Practices Rules.  Alternate plan templates for small forest landowners 8 
to meet this objective are being considered for overstocked forest stand rehabilitation and 9 
conversion of certain hardwood-dominated stands to conifer-dominated stands.  Alternate 10 
plans offer an incentive to retain forestland.  Other small forest landowners are working 11 
with the Services to develop a programmatic HCP covering over 100,000 acres in Lewis 12 
County.  If approved, the HCP in Lewis County, or others like it, should help to reduce 13 
the rate of conversions in those areas. 14 

Substantial decreases in land value imply that it would not be economically viable for 15 
small landowners to continue to use their property for forest management, which could 16 
motivate land use conversion, particularly to residential development (Zobrist 2003).  17 
Non-industrial private forestlands in western Washington tend to interface with 18 
urbanizing areas, and conversion of these lands is a growing concern.  A study conducted 19 
by Washington DNR, for example, found that non-industrial private forestlands were 20 
converted to non-forest use between 1979 and 1989 at a rate of almost 100 acres per day 21 
(Washington DNR 1998).  This conversion figure is, however, for land converted from 22 
primary forestland to some other purpose.  This does not always mean conversion to 23 
another land use, such as residential development or agriculture; it could mean 24 
conversion to smaller or less dense parcels of forestland.  The majority of the conversion 25 
identified in this report occurred in western Washington, with much of the conversion 26 
occurring within urban growth area boundaries and on the fringes of the suburban/rural 27 
interface (Washington DNR 1998). 28 

Conversion information available from Washington DNR’s Forest Practices Application 29 
Review System database indicates that 53,821 acres were converted from forestland to 30 
other uses between 1997 and 2003 (Table 3-12). 31 

The primary areas where conversion is taking place are in the Puget Sound Region and 32 
along the I-90 corridor.  A study conducted by The Wilderness Society assessed changes 33 
in forest cover in King, Pierce, and Kittitas Counties from 1985 to 1999 based on Landsat 34 
imagery (Thomson et al. 2003).  This study identified approximately 96,000 acres that 35 
had been converted from forest to urban development during that period in the three-36 
county analysis area.   37 

The results of Zobrist’s (2003) case study analysis suggest that the rate of non-industrial 38 
private forestland conversion would likely increase under No Action Alternative 1-39 
Scenario 1, Alternative 2, and Alternative 3 relative to No Action Alternative 1-Scenario 40 
2.  Forestland conversion would likely be the lowest under No Action Alternative 1-41 
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Scenario 2 because of the less-restrictive RMZ rules in effect on January 1, 1999.  No 1 
Action Alternative 1-Scenario 1 would result in reduced funding for landowner incentive 2 
and assistance programs, such as the Forestry Riparian Easement Program because of a 3 
lack of regulatory certainty leading to a lack in public funding for such programs.  As a 4 
result, comparing these three alternatives, small landowner mitigation, viewed in terms of 5 
financial compensation, would be lowest under No Action Alternative 1-Scenario 1, 6 
higher under Alternative 3, and highest under Alternative 2.  This effect would likely 7 
result in a lower rate of conversion under Alternative 2 and higher rates under No Action 8 
Alternative 1-Scenario 1 and Alternative 3.   9 

RMZ restrictions would be substantially higher under Alternative 4 relative to all other 10 
alternatives (Figure 4.2-1).  Thus, it can be concluded (based on the findings of Zobrist 11 
2003) that the economic viability for forest landowners, especially small forest 12 
landowners, would be lower under Alternative 4, and the rate of forestland conversion 13 
could be substantially higher than under any of the other alternatives.  These types of 14 
effects would be particularly likely to occur in the South Puget Sound and West Puget 15 
Sound Regions, as well as the North Puget Sound and lower Columbia Regions, where 16 
substantial urban development pressures exist and non-industrial private forestlands are 17 
often located along the urban-wildland interface. However, county regulations and 18 
restrictions, the proximity of properties to urban areas, the current real estate market, and 19 
other factors would contribute to how fast conversion could take place under any 20 
alternative.  21 

Many of the aquatic habitat functions described in the following subsections on sediment, 22 
water quality, hydrology, and riparian processes, particularly wood recruitment, would 23 
likely be affected adversely by substantial increases in land use conversion.  While these 24 
effects would tend to be at the site scale, watershed scale effects could occur in basins 25 
with high densities of small landowners and/or in basins in close proximity to rapidly 26 
growing urban areas.  Conversion of forestland to more intense land uses (e.g., 27 
agriculture, residential development) typically is followed by altered hydrologic regimes, 28 
diminished water quality, and reduced riparian function for aquatic species and other 29 
riparian–dependent wildlife.   30 

The restrictions proposed under each alternative only apply to private forestlands in 31 
western Washington and private and State forestlands in eastern Washington.  As a result, 32 
none of the alternatives are expected to have a direct effect on Federal, tribal, other State-33 
managed, or agricultural lands.  Reductions in land available for harvest or increases in 34 
conversion from forestland to other uses on the lands managed under these alternatives 35 
could increase demand for timber from other land ownerships or encourage conversion 36 
on other nearby lands, but these effects are expected to be minor. 37 
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4.3 AIR QUALITY 1 

4.3.1 Introduction 2 
There would be only minor differences among the alternatives in terms of effects on air 3 
quality.  Timber harvest-associated traffic on logging roads would add dust to the air, and 4 
prescribed burning and wildfires would add smoke under all alternatives.  The dust and 5 
smoke could produce eye and respiratory discomfort to people working, living, or 6 
recreating in the area.  Air pollution from dust would be partially mitigated by dust 7 
abatement measures under all alternatives.  All alternatives would comply with Federal 8 
air quality standards, the Washington Visibility State Implementation Plan (Washington 9 
Department of Ecology 1999a), which regulates (among other pollutants) emissions from 10 
prescribed burning, and the State Smoke Management Plan (Washington DNR 1998i), 11 
which would mitigate any adverse effects from silvicultural burning.  12 

4.3.2 Evaluation Criteria 13 
None of the rules under any of the alternatives would significantly affect the amount of 14 
burning that takes place or the amount of traffic on logging roads.  A general indicator of 15 
the amount of activity that produces air emissions is the amount of land taken out of 16 
forest management over the long term.  Thus, in the following evaluation, the amount of 17 
RMZ area (particularly no-harvest area) is used as a general indicator of the differences 18 
in activity levels among the alternatives. 19 

4.3.3 Evaluation of Alternatives 20 
This subsection addresses the effects of the alternatives on air quality.  In reading this 21 
subsection it should be remembered from Chapter 2 (Alternatives) that under the No 22 
Action Alternative 1, no ITPs or ESA Section 4(d) take authorization would be issued.  23 
However, this lack of action would likely affect the forest practices program in a way that 24 
is difficult to predict.  Therefore, two scenarios (Alternative 1-Scenario 1 and Alternative 25 
1-Scenario 2), which represent the endpoints of the reasonable range of possible 26 
outcomes for the Forest Practices Regulatory Program, have been defined to represent the 27 
No Action Alternative (subsection 2.3.1, No Action Alternative 1 (No Action)).  The 28 
effects of No Action are displayed for both of these endpoints in the following paragraph, 29 
the actual effects of No Action on air quality are likely to fall somewhere between these 30 
two scenarios. 31 

No Action Alternative 1-Scenario 1 (and Alternative 2 and Alternative 3) would have 32 
harvest levels consistent with the status quo.  Dust levels under these three alternatives, 33 
therefore, are likely to be similar to current levels.  No Action Alternative 1-Scenario 2 is 34 
projected to result in more harvest over the long term than the status quo (and more than 35 
other alternatives) because it would require substantially fewer trees be left in RMZs 36 
(Figures 4.2-1 and 4.2-2).  In areas where more miles of road are used and/or there is 37 
more truck traffic compared to the status quo, there is the potential for increases in dust 38 
under No Action Alternative 1-Scenario 2 than from levels under No Action Alternative 39 
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1-Scenario 1.  The same is true for Alternatives 2 and 3 relative to No Action Alternative 1 
1-Scenario 2.   2 

Alternative 4 is projected to result in the lowest harvest level because of the large no-3 
harvest RMZs.  Therefore, Alternative 4 would have a lower potential to generate dust 4 
than either No Action Alternative 1-Scenario 1 or Scenario 2.   5 

Air pollution from dust under all alternatives would be mitigated by dust abatement 6 
measures required by Washington Forest Practices Board road maintenance standards and 7 
State Department of Labor and Industries safety standards for dust.  These include using 8 
gravel road surface material, applying chemical dust suppressants, or applying water to 9 
the road surface. 10 

The use of prescribed burning (both broadcast burning and pile and burn) to prepare a site 11 
for planting is expected to be similar under No Action Alternative 1-Scenario 1, 12 
Alternative 2, and Alternative 3.  Levels of prescribed burning would be slightly higher 13 
under No Action Alternative 1-Scenario 2 than No Action Alternative 1-Scenario 1.  14 
Because of reduced harvest activity under Alternative 4, prescribed burning would be 15 
slightly lower than under either scenario of the No Action Alternative 1.   16 

Compared to the status quo, little or no additional adverse effects on air quality are 17 
anticipated due to prescribed burning for site preparation under any of the proposed 18 
alternatives.  Per WAC 222-30-100, slash burning is strictly regulated under the 19 
Washington State Smoke Management Plan (Washington DNR 1998i) and would require 20 
a permit from the Washington DNR.  Prescribed burning for both slash disposal and to 21 
reduce wildfires would occur in eastern Washington.  Fewer acres of prescribed burning 22 
would likely occur in western Washington due to the cool and wet weather patterns that 23 
generally prevail and the restrictions on burning that may affect urban areas.  24 

Air pollution from wildfire is also expected to be greater on the eastside of the State than 25 
on the westside because of the drier conditions east of the Cascade Mountains.  No 26 
Action Alternative 1-Scenario 2 would result in the lowest likelihood of wildfire among 27 
all alternatives because there would be smaller riparian buffer areas and some tree 28 
removal would be allowed, resulting in low fuel loads.  This alternative would be less 29 
likely to violate air quality standards due to wildfire compared to the status quo.  30 

No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) has a riparian buffer larger 31 
than No Action Alternative 1-Scenario 2 and would allow partial tree removal in portions 32 
of the buffers.  This would result in higher levels of fuel than No Action Alternative 1-33 
Scenario 2.  The likelihood of wildfire associated with this alternative (and Alternatives 2 34 
and 3), and the likelihood of violating air quality standards, would be similar to the status 35 
quo. 36 

The likelihood of wildfire is expected to be slightly higher under Alternative 4 than either 37 
scenario of No Action Alternative 1, due to the wider unmanaged riparian buffers, which 38 
would result in greater fuel buildup in riparian corridors compared to other alternatives.  39 
Unmanaged stands tend to have higher amounts of both down and standing dead fuel and 40 
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a wide range of tree sizes, ranging from seedlings and saplings to mid-canopy trees to 1 
upper canopy trees.  This creates a “ladder effect” that allows fire to move from the 2 
ground to the upper canopy.  The likelihood of wildfire under Alternative 4 may result in 3 
a slightly greater affect on air quality standards compared to the status quo.  4 
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4.4 GEOLOGY, SOILS, AND EROSIONAL PROCESSES 1 
In this subsection, the effects of the alternatives are divided into two main areas: surface 2 
erosion and mass wasting.  Differences in climate, topography, geology, and resulting 3 
soil characteristics among and within regions of the State will lead to differences in 4 
overall susceptibility to surface erosion and mass wasting.  The Washington Forest 5 
Practices Rules apply statewide, with some differences between eastern and western 6 
Washington.  In general, higher frequencies of mass wasting and lower surface erosion 7 
rates occur in western Washington relative to eastern Washington forestlands due to 8 
differences in climate, topography, geology, and soil permeability (subsection 3.4, 9 
Geology, Soils, and Erosional Processes).  The Regional Summaries (DEIS Appendix A) 10 
describe differences in geology and soil types, which vary by region and are summarized 11 
in the affected environment discussion of subsection 3.4 (Geology, Soils, and Erosional 12 
Processes). 13 

4.4.1 Surface Erosion 14 
The major sources of surface erosion on forestlands due to forest management are erosion 15 
from road surfaces and hill-slope erosion following harvest, as discussed in subsection 16 
3.4.2 (Erosion).  The evaluation criteria for these sources are described below. 17 

4.4.1.1 Surface Erosion Evaluation Criteria 18 
Road Surface Erosion 19 
Road surface erosion is affected by road construction methods, road use, road 20 
maintenance, road abandonment, and drainage, as discussed in subsection 3.4.2.2 (Forest 21 
Practices Effects on Erosion and Sedimentation).  The criterion for evaluating this 22 
chronic source of erosion sediment is a qualitative assessment of how well the 23 
Washington Forest Practices Rules that are pertinent to road management (i.e., planning, 24 
construction, use, maintenance, drainage, and abandonment) would control road-related 25 
sediment production and delivery to streams under each alternative. 26 

Chapter 222-24-050 through 052 of the WAC (also found in Washington Forest Practices 27 
Board 2002) describe the reasoning, schedule, and requirements for road maintenance 28 
and abandonment of forest roads, including RMAPs under the current Washington Forest 29 
Practices Rules.  RMAPs are required analyses and plans to be submitted by forest 30 
landowners to Washington DNR.  The purpose of the RMAP program is to evaluate and 31 
prioritize the maintenance and abandonment of forest roads by addressing roads in most 32 
need of these actions first, as demonstrated by a well-defined set of maintenance and 33 
abandonment criteria designed to protect surface waters from sediment input, and 34 
resources from road-related mass wasting events.  The need for improvement of road 35 
maintenance and abandonment practices over the January 1, 1999 Washington Forest 36 
Practices Rule is described in Rashin et al. (1999). 37 

Hillslope Erosion Related to Timber Harvest  38 
Timber harvest activities often lead to increased soil disturbance, potentially increasing 39 
delivery of fine sediments to stream channels.  Factors influencing the delivery of 40 
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excessive sediment to streams as a result of timber harvest are discussed in subsection 1 
3.4.2.2 (Forest Practices Effects on Erosion and Sedimentation). 2 

Evaluation criteria for hillslope erosion are compared using an equivalent buffer area 3 
index.  The equivalent buffer area index is similar in concept to the equivalent road area 4 
analysis of McGurk and Fong (1995) and the non-point source risk assessment of Lull et 5 
al. (1995), and represents a relative measure of the protection of streams from fine 6 
sediment derived from hillslope erosion (DEIS Appendix B).  The ability of buffers to 7 
capture fine sediment is largely dependent on their width, slope, and the management 8 
practices within the buffer strip.  Buffer-strip width is the most common parameter used 9 
for evaluating the ability of a management option to minimize fine sediment delivery to 10 
streams.  Recommended buffer widths for sediment removal vary widely, ranging from 11 
about 10 feet for removing coarse fractions (sand) to 400 feet for fine fractions (clay).  12 
Studies of forested watersheds often recommend buffers of approximately 100 feet for 13 
this purpose (Johnson and Ryba 1992).  Spence et al. (1996) also reviewed the literature 14 
on buffer widths for sediment filtration.  Although Spence et al. (1996) and his colleagues 15 
gave no definitive width, they concluded that on gentle slopes 100 feet might be 16 
sufficient, while on steep slopes 300 feet may be necessary for sediment filtration.  The 17 
Forest Ecosystem Management Assessment Team (FEMAT) (1993) buffer width for 18 
sediment filtration is one site potential tree height (See Glossary), or approximately 170 19 
feet in western Washington for Site Class II forestland.  For management purposes, a 20 
fixed width rather than one based on site potential tree height is more appropriate, since 21 
sediment movement is unrelated to the latter.  Site potential tree height was used by 22 
FEMAT (1993) as a surrogate for using fixed width because of the relationship between 23 
site potential tree height and soil stability given by tree roots (the bigger the site potential 24 
tree height, the wider the root system and the greater the width).  Rashin et al. (1999) 25 
recommended a 10 meter (33-foot) buffer as effective at reducing timber harvest–related 26 
surface erosion from entering the drainage network.  27 

For this FEIS, the equivalent buffer area index was evaluated for a 30-foot and a 200-foot 28 
RMZ width, for all alternatives, representing a lower end and upper end RMZ 29 
prescription.  The lower end RMZ width of 30 feet was chosen to be consistent with the 30 
recommendation of Rashin et al. (1999).  The higher end buffer was chosen to represent 31 
the upper end of recommendations and the widest buffers being considered under any of 32 
the alternatives.  33 

The equivalent buffer area index values are expressed as a percentage that is normalized 34 
based on the assumption that complete protection is provided by a 30-foot no-harvest 35 
buffer for the 30-foot equivalent buffer area index and that complete protection is 36 
provided by a 200-foot no-harvest buffer for the 200-foot equivalent buffer area index.   37 

Regardless of the equivalent buffer area index width chosen to analyze hillslope erosion, 38 
in forestlands on steep terrain, it should be noted that riparian buffers do not provide full 39 
protection from upslope sedimentation that originates from roads, unless all road drainage 40 
is directed to the forest floor.  This is generally not possible, and considerable suspended 41 
sediment may be transported to fish-bearing streams via non-fish-bearing streams where 42 
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roads bisect the non-fish-bearing riparian buffers and streams.  Best Management 1 
Practices (BMPs) for road placement and construction, as well as RMAPs and Watershed 2 
Analysis are meant to address this issue.  Effectiveness of road construction techniques 3 
and recommended BMPs for prevention of sediment-related water quality impacts over 4 
the January 1, 1999 Washington Forest Practices Rules is discussed in more detail in 5 
Rashin et al. (1999). 6 

4.4.1.2 Evaluation of Alternatives 7 
The effects of the alternatives on road surface and hillslope erosion are analyzed in this 8 
subsection.  In reading this analysis, it should be remembered from Chapter 2 9 
(Alternatives) that under the No Action Alternative, no ITPs or ESA Section 4(d) take 10 
authorization would be issued.  However, this lack of action would likely affect the 11 
Forest Practices Regulatory Program in a way that is difficult to predict.  Therefore, two 12 
scenarios, which represent the endpoints of the reasonable range of possible outcomes for 13 
the Forest Practices Regulatory Program, have been defined (subsection 2.3.1, No Action 14 
Alternative 1) to represent the No-Action Alternative.  The effects of No Action are 15 
discussed for both of these endpoints in the following paragraphs, but the actual outcome 16 
and the actual effects of No Action on road surface erosion and hillslope erosion are 17 
likely to fall between these two scenarios. 18 

Road Surface Erosion  19 
Overview of Effects 20 
The effects of the alternatives on road-related surface erosion and sediment delivery are 21 
analyzed in this subsection.  It is important to note that, from a historical perspective, 22 
road-related surface erosion and sediment delivery to streams has been substantially 23 
reduced over time because of improvements in road construction methods, the frequency 24 
of maintenance, and the implementation of BMPs (subsection 3.4.2.3, History of Forest 25 
Practices Affecting Erosion and Sedimentation).  The following paragraphs address the 26 
likelihood of increased sediment delivery by alternative. 27 

Overall, No Action Alternative 1-Scenario 2 would result in the highest likelihood of fine 28 
sediment delivery to streams over the long term, primarily because the eventual rules, 29 
under this scenario, would not be outcome-based and would lack the needed flexibility 30 
for site-specific situations.  In addition, RMAPs would generally not be required, and 31 
rules and BMPs that address road drainage would be less protective than for the other 32 
alternatives.  However, the probability of sediment delivery would be substantially 33 
reduced in those areas where Watershed Analysis was performed.  34 

No Action Alternative 1-Scenario 1 (and Alternative 2 and Alternative 3) would reduce 35 
road-related sediment from delivering to streams, relative to No Action Alternative 1-36 
Scenario 2, due to: 1) improved BMPs, 2) implementation of RMAPs, and 3) an 37 
outcome-based and enforceable policy statement that requires resource protection within 38 
a 15-year period for large landowners that represent more than half of the majority of 39 
covered lands.   40 
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The probability of sediment delivery under Alternatives 2 and 3 and No Action 1 
Alternative 1-Scenario 1 is expected to be similar since Washington Forest Practices 2 
Rules are the same among these alternatives.  Alternative 4 would result in a low 3 
likelihood of road-generated sediment delivery to streams over the short term and long 4 
term when compared to either scenario under the No Action Alternative 1.  This outcome 5 
would be due to the no net increase restriction on road densities and the shorter 6 
timeframe for completion of RMAPs and their implementation. 7 

Detailed Effects Analysis 8 
A detailed analysis of the alternatives is presented in the following subsections. 9 

No Action Alternative 1-Scenario 2 10 
Under No Action Alternative 1-Scenario 2, the January 1, 1999 Washington Forest 11 
Practices Rules would be in effect.  These rules were intended to control the rate of 12 
sediment delivery to streams based on implementation of BMPs.  Among the alternatives 13 
considered, No Action Alternative 1-Scenario 2 is the only one that would not require 14 
RMAPs for most forestlands over the long term.  In general, the highest likelihood for 15 
sediment delivery to streams from roads would occur under this alternative.  Rashin et al. 16 
(1999) evaluated the January 1, 1999 Washington Forest Practices Rules and came to a 17 
similar conclusion (although the evaluation took place prior to January 1, 1999, the rules 18 
evaluated were the same as those in effect on January 1, 1999).  However, where 19 
Watershed Analysis had been applied, prescriptions were developed to reduce surface 20 
erosion for areas where there was a high vulnerability to a public resource, such as 21 
fisheries or water quality.  Without gaining incidental take authorization under ITPs or 22 
ESA Section 4(d) rules, Watershed Analysis, which has decreased since the current 23 
Washington Forest Practices Rules were implemented, may be applied more frequently 24 
by forest landowners to gain greater certainty in their ability to harvest. 25 

A road maintenance survey was conducted by Washington DNR on 379 miles of State 26 
and private forest roads across Washington State.  The unpublished draft document 27 
concluded that the January 1, 1999 Washington Forest Practices Rules are subjective and 28 
inadequate because they do not establish an acceptable limit on how much sediment 29 
delivery constitutes resource damage.  The delivery of fine sediment from road surfaces 30 
to streams is addressed by the rules with statements such as “minimize erosion” or “not 31 
conducive to accelerated erosion;” however, the rules do not directly address the desired 32 
outcome, which is to avoid resource damage.  In addition, the rules do not offer a 33 
standard process for landowners and regulators to assess or identify successes and 34 
failures relating to resource protection, which can lead to varying compliance 35 
expectations throughout the State for landowners, regulators, and the public.  The draft 36 
report by Washington DNR on road maintenance concluded that the January 1, 1999 37 
Washington Forest Practices Rules emphasize the use of culverts and ditches as the 38 
primary means of addressing hydrologic issues, but do not adequately address sediment 39 
production.  The results of the survey showed that approximately 65 percent of the 40 
surveyed roads had direct delivery of sediment to streams (Washington DNR, 41 
unpublished draft report, 1999). 42 
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In addition, the rules under No Action Alternative 1-Scenario 2 do not result in a 1 
landscape-level approach to sediment reduction.  RMAPs, which are required under the 2 
current rules (and No Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4), are a 3 
landscape-level or ownership-wide assessment, and would not be mandatory under No 4 
Action Alternative 1-Scenario 2 unless Washington DNR assessments indicate an 5 
ongoing problem; in this situation, road plans would be required on a case-by-case basis.  6 
The rules under No Action Alternative 1-Scenario 2 do not have any specific guidelines 7 
or assessment tools in the Washington Forest Practices Board Manual as to when these 8 
plans are required.  The draft report by Washington DNR on road maintenance concluded 9 
that RMAPs appear to assist landowners in identifying and addressing most issues that 10 
have the potential to cause resource damage and are effective at providing better 11 
protection for public resources; however, surface erosion appeared to be a problem in 12 
some areas that had an RMAP (Washington DNR, unpublished draft report, 1999). 13 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3  14 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 15 
the adaptive management programs among this group of alternatives (No Action 16 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 17 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 18 

Under these alternatives, the current rules pertaining to forest roads would remain in 19 
effect, including RMAP rules.  Watershed Analysis would be undertaken less frequently 20 
than under No Action Alternative 1-Scenario 2.  The approach of the rules under these 21 
alternatives (i.e., the current Washington Forest Practices Rules) is specifically designed 22 
to reduce road-generated sediment.  For new roads, all ditch relief culverts are required to 23 
drain onto the forest floor in such a way that no sediment reaches a stream.  Research has 24 
shown that sediment from relief culverts can travel overland for 100 feet (or more) under 25 
certain conditions (Duncan et. al. 1987).  Therefore, under these alternatives, the 26 
performance-based Washington Forest Practices Board Manual guidance would result in 27 
placement of culverts where necessary to minimize sediment delivery to streams.  Other 28 
conditions, such as slope and soil texture, can make the culvert-to-stream distance even 29 
greater. 30 

RMAPs for entire ownerships would be required by 2006 from large landowners.  The 31 
plans would require the inventory and assessment of all forest roads, including orphan 32 
roads.  Further, the rules under these alternatives specify that all upgrades to roads must 33 
be completed, and new maintenance standards applied to all roads built after 1974, by the 34 
end of 2016.  Priorities in the rules place activities and locations with the highest 35 
potential benefit to fish and water quality early in the maintenance and abandonment 36 
schedule.  Washington DNR provides guidance and tools necessary for landowners to 37 
complete the RMAPs.  38 

Small forest landowners would be required to submit a cChecklist type of RMAP with 39 
their forest practices application/notifications for timber harvest/salvage to include forest 40 
roads used in the forest practices application/notification.  The 20-acre exempt landowner 41 
does not have to submit an RMAP or Checklist RMAP checklist.  However, regardless of 42 
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ownership category or use, covered under the forest practices activities in the application.  1 
Roads used or proposed for use, as timber haul routesall forest roads must be maintained 2 
in a condition that prevents damage to public resources. 3 

RMAPs represent a landscape-level approach that includes prioritization of problem 4 
sediment areas and an implementation schedule that would reduce the delivery of chronic 5 
sediment to streams.  Abandonment plans would prioritize roads for abandonment that 6 
would exempt them from future maintenance.  This would also result in further reduction 7 
of surface erosion from roads and sediment delivery to streams.   8 

Under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, the current 9 
RMAP rules (WAC 222-24-010(1)) to protect water quality and aquatic and riparian 10 
habitats do not explicitly include or recommend tools such as monitoring to measure the 11 
effects of roads on the resources.  However, the current Washington Forest Practice Rules 12 
require annual reviews and meetings with large forest landowners on their road plans, 13 
which constitute an informal assessment of the plan's effectiveness.  These processes 14 
would continue under these alternatives.   15 

Alternative 4 16 
Alternative 4 would substantially reduce road sediment delivery to streams relative to No 17 
Action Alternative 1-Scenario 2.  There would also be some reduction in road sediment 18 
delivery to streams under Alternative 4 compared to No Action Alternative 1-Scenario 1 19 
and Alternatives 2 and 3.  This is primarily due to the requirement under Alternative 4 of 20 
no net increase in forest road densities on State and private timberlands.  In addition, 21 
Alternative 4 would require the time frame for completion of road maintenance and 22 
abandonment plans to be 5 years shorter than under No Action Alternative 1-Scenario 1 23 
and Alternatives 2 and 3.  All landowners would have to submit RMAPs.  There would 24 
be no difference between the RMAP requirements for small landowners and large 25 
landowners as under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3.  Road 26 
upgrades and road abandonment in a shorter time period would reduce the total quantity 27 
of sediment generated by surface erosion compared to the other alternatives.   28 

Hillslope Erosion 29 
Overview of Effects 30 
A summary comparison of the effects of the alternatives is provided in the next few 31 
paragraphs, and a detailed analysis of the effects is provided by alternative in the 32 
following subsections.  It is important to note that from an historical perspective, 33 
hillslope erosion and sediment delivery to streams has been substantially reduced over 34 
time due to the implementation of buffers and improved felling, yarding, transport 35 
techniques, and BMP implementation (subsection 3.4.2.3, History of Forest Practices 36 
Affecting Erosion and Sedimentation).   37 

No Action Alternative 1-Scenario 1 (and Alternative 2 and Alternative 3) would provide 38 
full protection for Type S and F streams relative to sediment delivery resulting from 39 
hillslope erosion.  However, Type NP and NS streams would not be fully protected due to 40 
narrower buffers along these streams.  Even so, relative to No Action Alternative 1-41 
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Scenario 2, No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) would result in 1 
a low likelihood of sediment delivery from hillslope erosion due to implementation of 2 
Equipment Limitation Zones.   3 

No Action Alternative 1-Scenario 2 would result in nearly full protection of hillslope 4 
erosion from directly reaching Type 1, 2, and 3 waters.  The lack of RMZs along Type 4 5 
and 5 streams would result in a high likelihood of hillslope erosion delivering sediment to 6 
these waters.  No Action Alternative 1-Scenario 2 represents a return to the January 1, 7 
1999 Washington Forest Practices Rules that were less protective with respect to hillslope 8 
erosion than the current Washington Forest Practices Rules.  Increased sediment input 9 
would be expected under this alternative relative to No Action Alternative 1-Scenario 1 10 
(as well as Alternatives 2, 3, and 4), unless Watershed Analysis is widely and 11 
consistently applied.  12 

Alternative 4 would provide full protection of all streams from timber harvest-related 13 
hillslope erosion.  Alternative 4 would result in greater protection than either scenario of 14 
No Action Alternative 1. 15 

Detailed Effects Analysis 16 
Results of the sediment equivalent buffer area index calculations are presented for both 17 
western and eastern Washington streams in Figure 4.4-1 for a 30-foot distance from the 18 
streambank and in Figure 4.4-2 for a 200-foot distance from the streambank.  For ease of 19 
comparison, results are presented for all streams, for fish-bearing streams only, and for 20 
perennial and seasonal non-fish-bearing streams.  It should be noted that the sediment 21 
equivalent buffer area index values are expressed as percentages with 100 percent equal 22 
to complete protection.  The sediment equivalent buffer area index for the 30-foot width 23 
assumes that complete protection is provided by a 30-foot no-harvest buffer and the 24 
sediment equivalent buffer area index for the 200-foot width assumes that complete 25 
protection is provided by a 200-foot no-harvest buffer.   26 

No Action Alternative 1-Scenario 2 27 
Under No Action Alternative 1-Scenario 2, the likelihood of sediment delivery to streams 28 
would be high along Type 4 and 5 streams, which would not have established RMZs.  29 
Because Type 4 and 5 streams are the most abundant stream types on the landscape 30 
(DEIS Appendix B), the likelihood of sediment delivery from harvest-related practices 31 
would be high.   32 

The sediment equivalent buffer area index indicates the least protection of streams from 33 
hillslope erosion for No Action Alternative 1-Scenario 2 because of the lack of riparian 34 
buffers necessary to filter harvest-related surface erosion, particularly along non-fish-35 
bearing streams.  Sedimentation effects would be short-term and would persist until sites 36 
become re-vegetated.  For western Washington streams, No Action Alternative 1-37 
Scenario 2 would provide a sediment equivalent buffer area index of 78 percent assuming 38 
a 30-foot width is required for full protection, and 65 percent assuming a 200-foot width 39 
is required.  For eastern Washington streams, the sediment equivalent buffer area index is 40 
estimated at 86 percent for the 30-foot full-protection assumption, and at 67 percent for 41 
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the 200-foot assumption (Figures 4.4-1 and 4.4-2).  These values are separate from the 1 
discussion of which total buffer widths are most appropriate, and are simply a method to 2 
compare alternatives in terms of filtering effectiveness across given buffer widths on 3 
various stream types.  4 

In a study on the effectiveness of the January 1, 1999 Washington Forest Practices Rules 5 
at preventing sediment delivery, Rashin et al. (1999) concluded that streamside buffers in 6 
place at the time were effective at preventing sediment delivery to Type 1-3 streams.  7 
Along Type 4 and 5 streams, which were not buffered, physical impacts included 8 
extensive fine sediment deposition and other streambed changes such as increased 9 
streambed mobility, burial of substrates by logging slash, and loss of pre-existing LWD.  10 
Rashin et al. (1999) concluded that the no-harvest buffers in place at the time were 11 
generally effective in preventing sediment delivery, except where flow was channelized.  12 
Most erosion features that were identified as delivering sediment occurred within 30 feet 13 
of a stream.  However, they concluded that many of the BMPs and rules were ineffective, 14 
particularly where no RMZs were in place, as was the case prior to 1999 for Type 4 and 5 15 
streams.  In another study, Pentec (1991) concluded that the lack of RMZs and associated 16 
BMPs on Type 4 and 5 streams was a fundamental flaw in the January 1, 1999 17 
Washington Forest Practices Rules. 18 

The likelihood of sediment delivery to Type 4, Type 5, and other larger streams would be 19 
high under No Action Alternative 1-Scenario 2.  It should also be noted that the 20 
likelihood would be increased for all streams with Channel Migration Zones in this 21 
alternative because the rules under this alternative do not include Channel Migration 22 
Zone protection as do the current Washington Forest Practices Rules (i.e., No Action 23 
Alternative 1-Scenario 1 and Alternatives 2 and 3). 24 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 25 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 26 
the adaptive management programs among this group of alternatives (No Action 27 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 28 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 29 

Under this group of alternatives (i.e., current rules), the no-harvest portion of RMZs for 30 
Type S and F streams (a minimum of 50 feet on the westside and 30 feet on the eastside) 31 
would meet or exceed the 30-foot buffer criterion described above under No Action 32 
Alternative 1- Scenario 2.  Full protection of hillslope erosion would exist along Type S 33 
and F streams. 34 

A 30-foot Equipment Limitation Zone would continue to be applied to each side of all 35 
Type Np and Ns streams.  Landowners would continue to be required to mitigate 36 
(e.g., grass seeding, mulching, or installation of water bars) for the disturbance of more 37 
than 10 percent of the soil within any as a result of the use of ground-based equipment, 38 
skid-trails, stream-crossings (other than road crossings), or partial (as opposed to fully 39 
suspended) suspension of logs during yarding.  These Equipment Limitation Zones would  40 
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Figure 4.4-1. Equivalent Buffer Area Index (EBAI) for Sediment Summed for all 1 

Streams, Fish-Bearing Streams, Perennial Non-fish Streams, and 2 
Seasonal Non-fish Streams, by Alternative Normalized by Assuming 3 
100 Percent Protection is Provided by a 30-foot No-Harvest Buffer 4 
Width. 5  6 
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 1 

Figure 4.4-2. Equivalent Buffer Area Index (EBAI) for Sediment Summed for all 2 
Streams, Fish-Bearing Streams, Perennial Non-fish Streams, and 3 
Seasonal Non-fish Streams, by Alternative Normalized by 4 
Assuming 100 Percent Protection is Provided by a 200-foot No-5 
Harvest Buffer Width. 6 
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continue to reduce the amount of timber harvest-generated surface erosion and 1 
subsequent delivery to the stream network.   2 

A minimum of 50 percent of the NP streams in western Washington would receive 3 
50-foot no-harvest buffers, which exceeds the 30-foot sediment filtration criterion 4 
recommended by Rashin et al. (1999).  In addition, sensitive sites, such as headwater 5 
springs, headwall seeps, side-slope seeps, and Type Np confluences, are protected by 56-6 
foot radius buffers where no harvest is allowed.  In practice, approximately 70 percent or 7 
more of NP streams are receiving these buffers, due to unstable slopes and sensitive area 8 
buffers, according to Washington DNR field staff observations. 9 

The no-harvest buffers along many of the NP streams, and the 30-foot Equipment 10 
Limitation Zone along the other Type Np streams and NS streams should continue to 11 
prevent hillslope sediment from entering streams.   12 

Along Type NP streams on the eastside, if a landowner were to choose the clearcut 13 
option, at least 60 percent of the Type Np stream length would receive a 50-foot no-14 
harvest buffer.  If the partial cut option were to be chosen, a 50-foot selective harvest 15 
buffer would be required along the entire length of the Type Np stream.  In cases where 16 
harvest would be allowed within the RMZ, the effectiveness of the buffer in filtering 17 
sediment would be compromised, but the Equipment Limitation Zone mitigation 18 
requirements should reduce any hillslope erosion from entering streams. 19 

The sediment equivalent buffer area index for effective riparian sediment filtration shows 20 
that these alternatives, including No Action Alternative 1-Scenario 1, would have a much 21 
greater buffering effect for sediment filtration, compared to No Action Alternative 1-22 
Scenario 2.  The estimated equivalent buffer area index values are 91 percent for the 23 
westside and 96 percent for the eastside assuming a 30-foot width is required for full 24 
protection, and 73 percent for the westside and 72 percent for the eastside assuming a 25 
200-foot width is required for full protection (Figures 4.4-1 and 4.4-2).  However, these 26 
alternatives do not provide full protection of timber harvest-related surface erosion, 27 
specifically along Type NP and NS streams that do not have 50-foot no-harvest buffers.  28 
Sediment equivalent buffer area index values for these streams are estimated at 80 29 
percent for the 30-foot full-protection assumption and between 63 and 68 percent for the 30 
200-foot full-protection assumption. 31 

Alternative 4 32 
The no-harvest buffers on all stream types under Alternative 4 far exceed the 30-foot 33 
buffer criterion recommended by Rashin et al. (1999).  Therefore, all streams would be 34 
fully protected from hillslope erosion delivery of sediment under the 30-foot full-35 
protection assumption when compared to either scenario of No Action Alternative 1.  The 36 
sediment equivalent buffer area index under the 200-foot full-protection assumption is 37 
estimated at 94 percent for westside streams and 98 percent for eastside streams for this 38 
alternative (Figures 4.4-1 and 4.4-2). 39 
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4.4.2 Mass Wasting 1 
Mass wasting is a natural occurrence; however, forest road construction and timber 2 
harvest have been shown in a variety of studies to significantly increase the frequency 3 
and magnitude of mass wasting events in potentially unstable areas (subsection 3.4.2, 4 
Erosion).  The Washington Forest Practices Rules are designed to reduce the frequency 5 
and magnitude of debris flows, but when they occur, they also ensure that large, whole 6 
trees are available for recruitment to non-fish and fish-bearing streams. 7 

In the past three decades, a greater level of understanding, greater restrictions on harvest, 8 
and more requirements for mitigation related to potentially unstable areas has 9 
substantially decreased landslide frequency from historical levels (subsection 3.4.2.3, 10 
History of Forest Practices Affecting Erosion and Sedimentation; DEIS Appendix A). 11 

4.4.2.1 Mass Wasting Evaluation Criteria 12 
Whether or not a particular slope will fail at any given time is dependent on a variety of 13 
variables, including precipitation rate and quantity; soil moisture; hydrology; slope 14 
aspect, length, and curvature; the internal strength of the slope material, (Coates 1990; 15 
Dragovich et al. 1993a), and root strength of vegetation (Harp et al. 1997; Schmidt et al. 16 
2001; Roering et al. 2003).  Disturbances, including timber harvest and road building, 17 
that compact or weaken slope material, change the hydrology of the slope, or undercut 18 
marginally stable slopes can trigger mass wasting events (Rollerson et al. 19731997; 19 
Swanson and Dyrness 1975; Amaranthus et al. 1985; Dragovich et al. 1993b; Gerstel 20 
1996).  Increased levels of planning and analysis can reduce the likelihood of landslides 21 
by identifying and avoiding potentially unstable landforms, as can minimizing 22 
disturbance from harvest activities in these areas (Gerstel 1994; Rashin et al. 1999; 23 
Dhakal and Sidle 2003).  The likelihood of management-related mass wasting is 24 
discussed separately in relation to forest roads, timber harvest, and streambank stability.  25 

To achieve avoidance of unstable areas and protection from road-related landslides, there 26 
are three factors that must be considered when assessing the effectiveness of a given 27 
strategy or alternative for minimizing mass wasting:  1) to what degree do the rules 28 
adequately define unstable slopes and landforms across the landscape (i.e., how good are 29 
the definitions), 2) what mechanisms are in place to ensure unstable slopes and landforms 30 
are detected during the forest practices application review process (i.e., screening tools 31 
and training programs), and 3) how effective are the rule procedures or prescriptions in 32 
minimizing mass wasting (i.e., level of avoidance or mitigation required by the rules 33 
based on adequate definitions and screening processes)?  The factors required for meeting 34 
these criteria are evaluated below with respect to both road- and harvest-related mass 35 
wasting. 36 

Road-related Landslides 37 
The potential for road-related landslides depends on both the location of roads in relation 38 
to unstable areas and on how the roads are designed, built, and maintained (Rashin et al. 39 
1999; USDA Forest Service 2001).  Therefore, additional evaluation criteria for this 40 
episodic source of sediment impacts are: 1) the degree to which unstable slopes would be 41 
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avoided under each alternative, and 2) the degree of protection from road-related 1 
landslides provided by the Washington Forest Practices Rules.  2 

Chapter 222-24-050 through 052 of the WAC (See also Washington Forest Practices 3 
Board 2002) describe the reasoning, schedule, and requirements for road maintenance 4 
and abandonment for forest roads, including RMAPs, which are currently required 5 
analyses and plans to be submitted by forest landowners to Washington DNR.  The 6 
purpose of the RMAP program is to evaluate and prioritize the maintenance and 7 
abandonment of forest roads by addressing roads in most need of these actions first, as 8 
demonstrated by a well-defined set of maintenance and abandonment criteria designed to 9 
protect surface waters from sediment input, and resources from road-related mass wasting 10 
events.  The need for improvement of road maintenance and abandonment practices over 11 
the requirements of the rules in effect on January 1, 1999, is described in Rashin et al. 12 
(1999). 13 

Landslides Related to Timber Harvest 14 
Mass wasting related to timber harvest is most likely to occur on steep slopes and specific 15 
landforms that are highly susceptible to mass failure.  The initiation of landslides from 16 
management activities can occur in both riparian areas and upslope areas.  The evaluation 17 
criterion for harvest-related landslides is based on the degree of protection provided to 18 
unstable areas under each alternative.  This assessment considers the protection of 19 
unstable slopes upslope from RMZs that may buffer upslope landslides and landslides 20 
that may occur in RMZs. 21 

Streambank Stability  22 
The evaluation of timber harvest effects on streambank stability is based on RMZ widths 23 
and activities allowed within the RMZ that may affect root strength and thus streambank 24 
integrity.  For this analysis, one-half of a tree crown diameter (which is in the range of 25 
0.3 site potential tree height) is assumed to be a sufficient width for the maintenance of 26 
streambank stability.  The rationale for the value of 0.3 site potential tree height is based 27 
on the curve for root strength on page V-27 of the FEMAT (1993) report.  Consideration 28 
is also given to the composition of riparian species because of differences in the root 29 
morphology and relative root strength of conifers, deciduous trees, and shrubs.  Bank 30 
stability is a relative term.  Bank erosion is a natural process that on the one hand 31 
provides LWD and sediment for the benefit of aquatic ecosystems, while on the other 32 
hand, bank erosion beyond natural rates and durations may be detrimental to aquatic 33 
ecosystems (LWD overloading, channel shifting and bedload aggradation, changes in 34 
width/depth ratios, and possible increased stream temperatures).  This subsection 35 
evaluates how the alternatives protect bank stability and integrity relative to natural 36 
conditions and processes.   37 

4.4.2.2 Evaluation of Alternatives 38 
The effects of the alternatives on road related landslides are analyzed in this subsection.  39 
In reading this analysis, it should be remembered from Chapter 2 (Alternatives) that 40 
under the No Action Alternative 1, no ITPs or ESA Section 4(d) take authorization would 41 
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be issued.  However, this lack of action would likely affect the Forest Practices 1 
Regulatory Program in a way that is difficult to predict.  Therefore, two scenarios, which 2 
represent the endpoints of the reasonable range of possible outcomes for the Forest 3 
Practices Regulatory Program, have been defined (subsection 2.3.1, Alternative 1 (No 4 
Action)) to represent the No-Action Alternative.  The effects of No Action are displayed 5 
for both of these endpoints in the following subsections, but the actual outcome and the 6 
actual effects of No Action on road surface erosion and hillslope erosion are likely to fall 7 
between these two scenarios. 8 

Road Related Landslides 9 
Overview of Effects 10 
The effects of the alternatives on road-related landslides and sediment delivery are 11 
analyzed in this subsection.  There is no comprehensive statewide data available for 12 
historical or current management-related landslide frequency compared to natural levels.  13 
However, even the January 1, 1999 Washington Forest Practices Rules were much more 14 
protective of unstable slopes than historic rules (subsection 3.4.2.3, History of Forest 15 
Practices Affecting Erosion and Sedimentation); therefore, it is likely that the frequency 16 
of road-related mass wasting events would be reduced under any of the alternatives, 17 
relative to historic conditions.  18 

Compared to the No Action Alternative 1-Scenario 1, No Action Alternative 1-Scenario 2 19 
would result in an increased likelihood of road-related landslides because: 1) under the 20 
January 1, 1999 Washington Forest Practices Rules the unstable slope screening process 21 
did not identify some unstable areas, 2) there were no comprehensive screening process 22 
required to identify unstable areas on all forestlands, 3) the rules and BMPs that address 23 
road drainage were inadequate, and 4) while forest landowners would continue to be 24 
required to do road maintenance, there would be no requirements for RMAPs and 25 
schedule for completion of road repairs. 26 

No Action Alternative 1-Scenario 1 (as well as Alternative 2 and Alternative 3) would 27 
result in a continued low to moderate likelihood of road-related landslides because: 1) the 28 
unstable slope screening process under the current Washington Forest Practices Rules is 29 
more refined and relies on a more complete and specific set of definitions and 30 
requirements for evaluating the potential for landslides than under the January 1, 1999 31 
Washington Forest Practices Rules, 2) the Washington Forest Practices Rules and BMPs 32 
that address road drainage are substantially strengthened over the January 1, 1999 33 
Washington Forest Practices Rules, 3) RMAPs are required for forestland owners, and 34 
4) training programs for identifying potentially unstable slopes are being implemented by 35 
Washington DNR.  Compared to No Action Alternative 1-Scenario 2, this group of 36 
alternatives has a lower likelihood of road-related mass wasting. 37 

Alternative 4 would result in the lowest likelihood of road-related landslides relative to 38 
either scenario of the No Action Alternative 1 because: 1) there would be no net increases 39 
in roads, 2) the rules and BMPs that address road drainage would be more protective than 40 
the current Washington Forest Practices Rules, 3) RMAPs would be required in the 41 
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shortest timeframe, and 4) there would be a broader set of definitions of potentially 1 
unstable slopes than under the other alternatives. 2 

Detailed Effects Analysis 3 
No Action Alternative 1-Scenario 2 4 
Under No Action Alternative 1-Scenario 2, it is assumed that the January 1, 1999 5 
Washington Forest Practices Rules would govern forest practices.  No Action Alternative 6 
1-Scenario 2 would be the least protective of the alternatives in terms of avoidance of 7 
unstable slopes.  As discussed above under Road Surface Erosion, RMAPs would not be 8 
required over the long term under No Action Alternative 1-Scenario 2.  The construction 9 
of roads on potentially unstable slopes increases the probability of road-related failures 10 
(Swanson et al. 1987).  The mechanisms for identifying potentially unstable slopes and 11 
landforms were not comprehensive under the January 1, 1999 Washington Forest 12 
Practices Rules, and definitions were incomplete.  The likelihood of not identifying 13 
potentially unstable slopes due to inadequate screening would be high under this 14 
alternative.  However, under this scenario, Watershed Analysis may be conducted more 15 
frequently than under the current Washington Forest Practices Rules and may reduce the 16 
potential for road building on unstable slopes.  Watershed Analysis is effective at 17 
identifying unstable slopes, and at defining suitable prescriptions that would minimize the 18 
potential of failure due to roads, when it is applied. 19 

Landforms with a high potential for mass wasting would most likely be identified in 20 
forest practices applications, or in subsequent reviews, and classified as Class IV-Special.  21 
A Class IV-Special forest practices application covers practices where there is a potential 22 
for substantial impact to the environment such as aquatic habitat, water quality, and 23 
cultural resources.  24 

The January 1, 1999 Washington Forest Practices Rules also have few specific guidelines 25 
that directly address road-related mass wasting issues such as road drainage.  Road-26 
related landslides can be caused by road drainage problems such as plugged culverts and 27 
inadequately spaced cross drains and/or road construction on potentially unstable slopes 28 
(Rashin et al. 1999; USDA Forest Service 2001).  Problems can result from inadequate 29 
construction and maintenance.  The rules under No Action Alternative 1-Scenario 2 30 
require culverts and bridges to pass a 50-year flow event.  Cross drains are only required 31 
every 600 to 1,000 feet depending on road gradient.  Rashin et al. (1999) concluded that 32 
the most common drainage problems that caused resource damage to streams were 33 
undersized culverts and inadequate cross drain spacing; the most common maintenance 34 
related drainage problem was the maintenance of functional inlets (i.e., the drains from 35 
roadside ditches that divert water under the road through a culvert).   36 

In addition, the January 1, 1999 Washington Forest Practices Rules do not address 37 
drainage onto unstable slopes.  Road drainage onto unstable areas can initiate mass 38 
wasting and the drainage onto unstable areas may not be identified when a forest 39 
practices application is reviewed; thus, a road built on stable ground may drain water 40 
onto potentially unstable areas.  The drainage of water onto steep slopes can increase the 41 
likelihood of slope failure (USDA Forest Service 2001).  Where Watershed Analysis is 42 
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conducted, the prescriptions for mass wasting could address and reduce the likelihood of 1 
road-related landslides. 2 

Studies by Toth (1991) and Oregon Department of Forestry (1999a) found that newer 3 
roads (younger than 10 years old) experienced a lower rate of mass wasting than older 4 
roads.  Because there is no requirement under No Action Alternative 1-Scenario 2 to 5 
upgrade roads to current construction standards unless a public resource has been 6 
damaged or there is a potential for damage to a public resource, the thousands of miles of 7 
older roads (both active and inactive) and orphan roads that currently exist in statewide 8 
forests could continue to fail over time and likely deliver large quantities of sediment to 9 
the drainage network.  If active or inactive roads are damaging public resources, the 10 
Washington DNR would have the authority to require the repair of these roads under this 11 
alternative. 12 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 13 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 14 
the adaptive management programs among this group of alternatives (No Action 15 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 16 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 17 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 would provide more 18 
protection and result in a lower likelihood of road-related landslides than under No 19 
Action Alternative 1-Scenario 2.  The identification and definitions of potentially 20 
unstable slopes and landforms have improved substantially in the current rules (which 21 
would be in place under No Action Alternative 1-Scenario 1, Alternative 2, and 22 
Alternative 3), compared with the January 1, 1999 Washington Forest Practices Rules 23 
(which would be in place over the long term under No Action Alternative 1-Scenario 2).  24 
All Forest Practices applications would be screened for potentially unstable slopes and 25 
landforms.  Field verification requirements and qualifications of personnel who may field 26 
verify and design mitigation are codified under the current Washington Forest Practices 27 
Rules (WAC 222-10-030, 222-16-050(1)(d); Washington Forest Practices Board Manual 28 
2000, Section 16) and would continue to be in effect.  The Washington DNR has 29 
implemented a training program for identification of potentially unstable slopes and 30 
landforms and this would continue; however, there is a high likelihood that funding 31 
would not be adequate to continue the training program under No Action Alternative 1-32 
Scenario 1 and may not be adequate under Alternative 3.   33 

As would be the case under any of the alternatives, new roads built on potentially 34 
unstable slopes would require greater scrutiny if the forest practices application is 35 
processed as a Class IV-Special.  Class IV-Special applications currently require a 36 
specific Washington State Environmental Policy Act (SEPA) review including a site 37 
evaluation by a qualified expert and a detailed mitigation plan.  However, a more refined 38 
screening method would be used to identify potentially unstable slopes during forest 39 
practices application reviews so that these slopes are more likely to be identified.  This 40 
more refined screening process would reduce the likelihood of road construction on high 41 
hazard mass wasting areas and reduce the potential of failure on slopes and landforms 42 
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with a high potential for failure.  As under the current rules (No Action Alternative 1-1 
Scenario 1 and Alternatives 2 and 3), roads would often be located away from unstable 2 
slopes to avoid resource impacts, minimize forest practices application approval time for 3 
road building, and reduce the costs associated with building on unstable areas. 4 

Road drainage rules under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) 5 
would reduce over time drainage-related road failures such as plugged culverts, 6 
particularly relative to No Action Alternative 1-Scenario 2.  More specific BMPs 7 
currently exist in the Washington Forest Practices Board Manual (Scenario 1) that 8 
address road drainage than under the January 1, 1999 Washington Forest Practices Rules 9 
(Scenario 2).  Some of these include: outsloping roads so runoff drains onto slopes, more 10 
frequent cross-drain spacing, and installation of new culverts that can pass a 100-year 11 
flow event.  Maintenance BMPs include removing debris from culvert outlets and inlets 12 
after major storm events and preventative ditch maintenance.  13 

While under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) the 14 
Washington Forest Practices Rules and Board Manual do not explicitly consider that 15 
roads located on stable slopes may drain onto potentially unstable slopes (e.g., a ridge-top 16 
road that drains water onto convergent headwalls) without initiating a Class IV-Special 17 
application, the Washington DNR can use conditioning authority to screen for unstable 18 
slopes, thus helping to mitigate for this potential impact. 19 

Under No Action Alternative1-Scenario 1 (and Alternatives 2 and 3), existing culverts 20 
would be replaced unless they meet the following three requirements:  1) pose “little risk 21 
to public resources,” 2) “have been properly maintained,” and 3) are “capable of passing 22 
fish” (WAC 222-24-050).  The Washington Forest Practices Rules regarding RMAPs are 23 
intended to prevent failure of existing culverts by requiring maintenance and replacement 24 
of culverts that pose a substantial threat to public resources.  Many culverts exist on Type 25 
Np and Ns streams.  If damage to public resources is imminent, DNR can require that the 26 
existing culvert must be replaced sooner, rather than at the end of its lifespan. 27 

The current Washington Forest Practices Rules under No Action Alternative 1-Scenario 1 28 
(and Alternatives 2 and 3) require large forest landowners to upgrade all roads on their 29 
ownership to current construction standards by 2016 (WAC 222-24-050).  RMAPs would 30 
describe the landowner’s intended strategies to improve all roads to current construction 31 
standards set forth in WAC Chapter 222-24.  The current rules are consistent with 32 
standards studied by Toth (1991) and Oregon Department of Forestry (1999a), which 33 
demonstrate that they have a much lower rate of mass wasting (e.g., failure) than older 34 
roads constructed under older standards. 35 

Small forest landowners are required to address road-related problems at the time they 36 
submit a forest practices application to the DNR.  Culvert repairs are prioritized within a 37 
watershed so that the repairs that provide the greatest benefits to aquatic resources are 38 
fixed first and generally based on available public funding.   39 

Under No Action Alternative 1-Scenario 1 (and Alternative 2 and 3), the implementation 40 
of RMAPs for large landowners would substantially reduce the likelihood of road-related 41 
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landslides compared to No Action Alternative 1-Scenario 2.  Orphan roads would be 1 
inventoried and assessed.  After the inventory and assessment, an evaluation would be 2 
made to determine the scope of the problem presented by the orphan roads, and if cost-3 
sharing would be needed to repair the orphan roads problems.  Where orphan roads are 4 
abandoned, further reduction of potential mass failure of roads, sediment delivery to 5 
streams, and potential debris torrent initiation would occur.  No Action Alternative 1-6 
Scenario 1 (and Alternatives 2 and 3) would preserve the existing process for RMAPs, 7 
assessment of orphan roads, and maintain current rules protecting potentially unstable 8 
slopes.   9 

Alternative 4 10 
Under Alternative 4, the likelihood of road-related mass wasting would be lower than 11 
either scenario under No Action Alternative 1.  Alternative 4 includes a “no net increase” 12 
rule for forest roads within a basin.  The “no net increase” in roads on a per unit area 13 
basis would reduce the probability of failure because fewer additional roads would be 14 
constructed, and some roads would be eliminated.  Whenever a new road is proposed, an 15 
equivalent amount of road on the same property or the same basin would have to be 16 
abandoned using the abandonment guidelines in the current Washington Forest Practices 17 
Rules.  Alternative 4 also has an even more conservative approach to unstable landforms 18 
than the current rules:  all slopes greater than 80 percent are considered high hazard.  19 
Rules would require no-harvest on these slopes in addition to a 50-foot no-harvest buffer 20 
around high hazard slopes.  Also, activities on slopes greater than 50 percent would 21 
trigger the SEPA review process and be classified as a Class IV–special forest practices 22 
application.  Additionally, Alternative 4 would not have different requirements for 23 
RMAPs for small landowners and would require that RMAPs be implemented by 2011, 24 
rather than 2016, and would not have a 20-acre parcel exemption.   25 

The shorter time period for RMAPs, which include orphan roads, decreases the likelihood 26 
of mass wasting because the potential for failure of older roads would be reduced by five 27 
years.  Roads on stable slopes that drain onto potentially unstable slopes would not be 28 
classified as Class IV-Special applications, resulting in the same likelihood of mass 29 
wasting from this impact as under No Action Alternative 1-Scenario 1.  Alternative 4 30 
would result in an overall reduction of road-related sediment from entering the drainage 31 
network. 32 

Landslides Related to Timber Harvest 33 
Overview of Effects 34 
This subsection evaluates the alternatives in terms of the likelihood of timber harvest-35 
related landslides.  A summary comparison of the effects of the alternatives is provided in 36 
the next few paragraphs, and a detailed analysis of the effects is provided by alternative, 37 
in the following subsections.   38 

There are no comprehensive statewide data available for historical or current landslide 39 
frequency due to timber harvest compared to natural levels.  However, the January 1, 40 
1999 Washington Forest Practices Rules were much more protective of unstable slopes 41 
than historic rules (subsection 3.4.2.3, History of Forest Practices Affecting Erosion and 42 
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Sedimentation); therefore, it is likely that the frequency of timber harvest-related mass 1 
wasting events would be reduced under any of the alternatives relative to historic 2 
conditions.  3 

No Action Alternative 1-Scenario 2 would result in a return to January 1, 1999 4 
Washington Forest Practices Rules.  As such, the likelihood of harvest-related landslides 5 
and damage to public resources (including surface water quality and habitat) would 6 
increase from the status quo, be higher than under No Action Alternative 1-Scenario 1, 7 
and be highest relative to all other alternatives because: 1) under the January 1, 1999 8 
Washington Forest Practices Rules the unstable slope screening process did not identify 9 
some unstable areas, and 2) there would be no comprehensive screening process required 10 
to identify unstable areas on all forestlands.  Additionally, No Action Alternative 1-11 
Scenario 2 would result in an increased likelihood of harvest-related landslides delivering 12 
to streams relative to the other alternatives, primarily due to the low frequency of RMZ 13 
protection along steep Type 4 and 5 streams. 14 

No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) would provide the same 15 
current levels of protection and more protection than under No Action Alternative 1-16 
Scenario 2 because: 1) the unstable slope screening process would be more refined and 17 
rely on a more complete and specific set of definitions and requirements for the 18 
evaluation of landslides than under the January 1, 1999 Washington Forest Practices 19 
Rules, and 2) training programs for identification of potentially unstable slopes would be 20 
implemented by the Washington DNR (although funding for this training may disappear 21 
over time under No Action Alternative 1-Scenario 1 and may be reduced over time under 22 
Alternative 3).  While No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 23 
3 would provide greater protection for sediment delivery relative to No Action 24 
Alternative 1-Scenario 2, this group of alternatives would still result in a slight to 25 
moderate likelihood of harvest-related landslides delivering to streams.   26 

Alternative 4 would provide the greatest protection for potentially unstable slopes and 27 
landforms compared to either scenario of No Action Alternative 1, because: 1) there 28 
would be a broader set of definitions of potentially unstable slopes, and 2) the amount of 29 
protection and buffered area would increase on and around potentially unstable areas.  30 
Thus, Alternative 4 would likely have a lower rate of harvest-related landslides relative to 31 
either scenario of the No Action Alternative 1. 32 

Detailed Effects Analysis 33 
No Action Alternative 1-Scenario 2 34 
Under No Action Alternative 1-Scenario 2, some landforms with a high potential for 35 
mass wasting would most likely be identified during processing of the forest practices 36 
application.  However,  there would be little incidental protection of potentially high 37 
hazard slopes because there would be no RMZs for Type 4 and 5 waters, which constitute 38 
approximately 50 to 60 percent of all streams on the landscape (DEIS Appendix B).  39 
RMZs of fish-bearing typed waters (Type 1, 2, and 3) provide some incidental protection 40 
of areas with a high mass wasting potential; however, short-term losses to windthrow 41 
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may impair the effectiveness of these buffers by reducing stand density and causing soil 1 
disturbance, and therefore reducing the filtering capacity of the buffer in the short term.  2 

Under No Action Alternative 1-Scenario 2, the only protection provided for small tributary 3 
junctions and steep channel gradients would be if they triggered a Class IV-Special 4 
application based on the likelihood of being unstable and having a potential to substantially 5 
impact a public resource.  Because these areas receive no specific protection under the 6 
January 1, 1999 Washington Forest Practices Rules, there is a moderate likelihood of 7 
debris torrents.  The steep small tributary streams tend to be first- and second-order streams 8 
that would be Type 4 and 5 waters (See Glossary). Except for very limited situations, these 9 
streams have no buffers to protect them from management activities.   10 

Once a debris flow is initiated, RMZs along high order streams may act to reduce channel 11 
impacts.  The streams most susceptible to riparian damage by channelized debris flows 12 
tend to have gradients greater than 20 percent (Coho and Burges 1991).  On the westside, 13 
most streams with gradients greater than 20 percent are Type 4 and 5 waters (DEIS 14 
Appendix B); these streams would receive no riparian buffers that might help mitigate 15 
impacts from channelized debris flows under No Action Alternative 1-Scenario 2.  Lower 16 
gradient streams (Types 1-3) would receive some protection from debris flow impacts 17 
and sediment input. An assumption of a “fencing effect” on landslide “runout,” 18 
deposition, and sedimentation is based on the observations of Johnson et al. (2000) of 19 
landslides that occurred immediately following a single storm event of more than 300 20 
landslides on Prince of Wales Island, Alaska. A “fencing effect” results from standing 21 
riparian trees that serve as roughness elements, which slow the landslide travel rate and 22 
reduce the travel distance (i.e., “runout”). Landslides studied that started and remained in 23 
old-growth forests were more likely to split or remain unchannelized, contained more 24 
woody debris, and had less erosion and more deposition along the runout zone compared 25 
to landslides that occurred in clearcuts without riparian buffers.  The authors estimated 26 
that more fine sediment would migrate further down tributary channels to mainstem 27 
channels as a result of less woody debris and depositional features along the runout path.   28 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 29 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 30 
the adaptive management programs among this group of alternatives (No Action 31 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 32 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 33 

Relative to No Action Alternative 1-Scenario 2, No Action Alternative 1-Scenario 1 (and 34 
Alternatives 2 and 3) would provide more specific definitions of potentially unstable 35 
slopes and landforms.  Under this group of alternatives, all forest practices applications 36 
would be screened for potentially unstable slopes and landforms.  Field verification 37 
requirements and qualifications of personnel who may field verify and design mitigation 38 
would remain codified (WAC 222-10-030, 222-16-050(1)(d); Washington Forest 39 
Practices Board Manual 2000, Section 16), and the Washington DNR would continue 40 
implementing a training program for identification of potentially unstable slopes and 41 
landforms (although funding for this training may disappear over time under No Action 42 
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Alternative 1-Scenario 1 and may be reduced over time under Alternative 3).  As would 1 
be the case under any of this group of alternatives, new roads built on potentially unstable 2 
slopes would require greater scrutiny if the forest practices application is processed as a 3 
Class IV-Special.  Class IV-Special applications currently require a specific SEPA review 4 
including a site evaluation by a qualified expert and a detailed mitigation plan.  A more 5 
refined screening method would be used to identify potentially unstable slopes during 6 
forest practices application reviews so that these slopes are more likely to be identified.  7 
This more refined screening process would account for regional and local variations in 8 
soils, geology, and topography.  Because of the screening tools that trigger Class IV-9 
Special (e.g., the slope morphology model (SMORPH), improved definitions in the 10 
Washington Forest Practices Board manual, as well as review of the application by 11 
qualified Washington DNR personnel familiar with the landslide hazards in the area) it 12 
would be more likely that potentially unstable slopes would be identified, and more 13 
applications would be classified as Class IV-Special by the Washington DNR.  As a 14 
result, more landowners would modify their applications to avoid unstable slopes and 15 
thereby avoid the requirements of a Class IV-Special application.   16 

Under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3), areas of high 17 
susceptibility to debris torrents (i.e., steep tributary channels) would receive greater 18 
protection than under No Action Alternative 1-Scenario 2.  If the areas of high 19 
susceptibility are on specific high hazard landforms and have the potential to deliver 20 
sediment to a public resource or threaten public safety, the forest practice would be a 21 
Class-IV Special, and mitigation would be necessary for the management activity to 22 
occur.  Also, sensitive areas such as headwall and sideslope seeps, springs, and Type Np 23 
confluences would receive a 56-foot radius no-harvest buffer in western Washington and 24 
a 50-foot no-harvest buffer in eastern Washington.  Seasonal non-fish-bearing streams 25 
(Type Ns), as well as the unbuffered portions of perennial streams (Type Np) would 26 
continue to receive protection from Equipment Limitation Zones.  Management activities 27 
are allowed in Equipment Limitation Zones, but with specific mitigation requirements for 28 
any soil disturbance greater than 10 percent of the Equipment Limitation Zone area.  29 
Local buffer effectiveness may be impaired in some cases due to short-term losses to 30 
windthrow.  There is still a low to moderate likelihood of debris torrents initiation 31 
because of potential for management activity in areas of susceptibility. 32 

Under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3), approximately 75 33 
percent of streams less than 20 percent gradient would have Type S and F buffers, and 25 34 
percent would have Type N buffers (DEIS Appendix B).  These buffers would provide 35 
some, but not necessarily full protection in the form of a fencing effect for debris torrents, 36 
and may be subject to short-term losses to windthrow.  As a result, these alternatives would 37 
have a slight to moderate likelihood of harvest-related landslides delivering to streams. 38 
Alternative 4 39 
Under Alternative 4, potentially high hazard areas identified during forest practices 40 
application review would automatically trigger a Class IV-special classification, would 41 
be treated as a no-harvest area, and would be protected by a 50-foot no-harvest buffer 42 
around the perimeter of the unstable slope or landform.  Alternative 4 provides the most 43 
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protection from mass wasting and delivery of sediment to streams due to timber harvest 1 
relative to both scenarios in No Action Alternative 1.  Alternative 4 also anticipates 2 
further rule development for areas of moderate potential slope instability. 3 

The no-harvest RMZs under Alternative 4 would protect steep stream channel junctions.  4 
This would probably reduce the frequency and downstream impacts of debris torrents.  5 
Also, under Alternative 4, no timber harvest or road activity is permitted on high hazard 6 
slopes.  Incidental protection of steep tributary junctions would also be provided if the 7 
tributary junction areas are considered high hazard mass wasting areas.  Streams with 8 
channel gradients of 20 to 30 percent would receive 100-foot buffers, and streams with 9 
gradients greater than 30 percent would receive 70-foot buffers.  Further, Channel 10 
Disturbance Zone buffers would be retained along steep streams that have a high 11 
potential for channelized landslides.  These buffers should provide partial protection for 12 
streams from potential sediment inputs.  Because buffer widths are wider under 13 
Alternative 4, they are more likely to be windfirm and thus more likely to function 14 
without short-term losses to blowdown. 15 

Streambank Stability 16 
Overview of Effects 17 
The effects of the alternatives on streambank stability are based on RMZ widths and 18 
activities allowed within the RMZ, or the stream channel that may affect root strength 19 
and, thus, streambank integrity are summarized here and analyzed in more detail in the 20 
following subsections. 21 

No Action Alternative 1-Scenario 2 would generally provide protection for bank stability 22 
and integrity along Type 1, 2, and 3 streams.  However, bank stability would not be 23 
protected along Type 4 and 5 streams; therefore, increased high bank instability is likely 24 
along these small streams.  Because of the amount of historic logging to streambanks, it 25 
is likely that even this alternative would result in an improvement in bank stability 26 
relative to historic conditions in riparian zones of the State.    27 

No Action Alternative 1-Scenario 1, (and Alternatives 2 and 3) would also protect bank 28 
stability along fish-bearing streams and many non-fish-bearing streams, except along 29 
those non-fish-bearing streams that lack RMZs.  Felling and yarding activities that occur 30 
in and across these steam channels would further compromise bank stability in non-fish-31 
bearing streams lacking RMZs.  However, some protection would be provided by 32 
Equipment Limitation Zones.  This group of alternatives would be expected to provide 33 
more protection for bank stability than No Action Alternative-Scenario 2. 34 

Alternative 4 would fully protect bank stability along all streams by requiring no-harvest 35 
riparian buffer zones of at least 70 feet along all streams.  Under Alternative 4, bank stability 36 
protection would be expected to be substantially more than under No Action Alternative 1-37 
Scenario 2, and somewhat more than under No Action Alternative 1-Scenario 1. 38 
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Detailed Effects Analysis 1 
No Action Alternative 1-Scenario 2 2 
In western Washington, No Action Alternative 1-Scenario 2 (January 1, 1999 3 
Washington Forest Practices Rules) would fully maintain streambank stability based on 4 
the RMZ buffer widths for Type 1, 2, and 3 streams when the maximum RMZ widths are 5 
implemented and no harvest occurs within the RMZ.  However, the minimum RMZ 6 
width of 25 feet does not meet the one-half crown diameter (0.3 site potential tree height) 7 
required for complete maintenance of streambank stability as described by FEMAT 8 
(1993, p. V-27) (Figure 4.4-3).  For each stream type, RMZ width can vary depending on 9 
the extent of wetland vegetation and the width needed to meet shade requirements, from a 10 
minimum of 25 feet to a maximum of 200 feet (Figures 2-1 and 2-2).  In cases where 11 
shade requirements are met, selective harvest could occur adjacent to the stream channel, 12 
compromising rooting strength and increasing the likelihood of impacts to the 13 
streambank.  However, a greater number of leave trees are provided in RMZs along less 14 
stable stream channels (i.e., gravel/cobble channels) and this aspect may slightly reduce 15 
the likelihood of negative effects.  For streams that do not meet the established criterion 16 
of one-half crown diameter (0.3 site potential tree height), combined with the selective 17 
harvest prescriptions, the likelihood of reducing root strength and, therefore, streambank 18 
stability, would increase.  This is because January 1, 1999 rules offered only minimal 19 
streambank protection by requiring operators to avoid disturbance of brush, stumps, and 20 
trees that display large root systems embedded in the bank in the RMZ core zone for 21 
Type S and F waters, and RMZs for Type Np waters. 22 

Figure 4.4-3. Percent Effectiveness of Root Strength in Relation to the Distance 23 
from the Stream Channel. 24 

 25 
   26 
 27 

Source:  FEMAT 1993 
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In eastern Washington, streambank stability would be fully maintained along Type 1, 2, 1 
and 3 streams when the maximum and average RMZ widths are implemented.  Site class 2 
I would require a wider RMZ to provide a sufficient width buffer to maintain streambank 3 
stability.  However, minimum RMZ widths of 30 feet would fully maintain streambank 4 
stability for all other site classes (Figure 4.4-3). In both western and eastern Washington, 5 
the possibility of harvest activity within the RMZ under No Action Alternative 1-6 
Scenario 2 leaves the possibility that root strength would be compromised and the 7 
streambank potentially damaged.  However, selective harvest does maintain some 8 
streambank integrity through root strength and minimizes further streambank damage 9 
relative to clearcutting, as would the requirement to avoid disturbing brush and stumps, 10 
including their root systems (WAC 222-30-030).    11 

The greatest potential for adverse effects is for Type 4 and 5 streams that would have no 12 
leave tree requirements, and where timber harvest and yarding could occur adjacent to, 13 
in, and across the stream.  For Type 4 and 5 waters, RMZs would not be required except 14 
for site-specific conditions and, in this case, would not exceed 25 feet.  Therefore, RMZs 15 
under the January 1, 1999 Washington Forest Practices Rules for Type 4 and 5 streams 16 
would not meet the one-half crown diameter (0.3 site potential tree height) required for 17 
complete protection as described in FEMAT (1993, pV-27).  Type 4 and 5 streams are 18 
small, tend to be moderately or highly confined, and have less erosive power; therefore, 19 
they do not necessarily require expansive buffers for streambank stability maintenance.  20 
However, Type 4 and 5 streams are susceptible to other processes such as mass wasting 21 
and peak flows, which could affect streambank stability.  The lack of an RMZ along most 22 
of these smaller streams means that Type 4 and 5 waters would receive no streambank 23 
stability protection.  Further, streambank stability could be severely compromised when 24 
felling and yarding are allowed in, or across, Type 4 and 5 streams and when logging 25 
slash is allowed to remain in streams following logging. 26 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 27 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 28 
the adaptive management programs among this group of alternatives (No Action 29 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 30 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 31 

Under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3), existing forest 32 
practices rules would continue.  Under these rules all Type S and F streams would have 33 
RMZ widths that exceed the width recommended by FEMAT (1993, p. V-26) for full 34 
maintenance of streambank stability.  On the westside, the 50-foot no-harvest zone 35 
adjacent to the streambank (or Channel Migration Zone) combined with the selective 36 
harvest inner zone under Management Option 1 (as described in Chapter 2, for F and S 37 
streams, calls for thinning from below in the inner zone and 20 riparian leave trees per 38 
acre in the outer zone), should provide sufficient rooting strength to fully maintain 39 
streambank stability.  Additional protection due to the no-harvest floor adjacent to the 40 
50-foot no-harvest zone under Management Option 2 would provide even greater 41 
maintenance of streambank stability (as described in Chapter 2, for S and F streams, 42 
enough Riparian Leave Trees must be left in the inner zone to meet the Stand 43 
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Requirements, plus an additional 20 Riparian Leave Trees per acre in the outer zone.  If 1 
the no-harvest restriction in the core zone results in conditions that would exceed the 2 
Stand Requirements, fewer trees may be left in the outer zone).  On the eastside, the 30-3 
foot no-harvest zone adjacent to the streambank (or Channel Migration Zone) combined 4 
with the selective harvest inner zone should fully maintain streambank stability.  Overall, 5 
these three alternatives would provide substantially more protection of streambank 6 
integrity than No Action Alternative 1-Scenario 2 along Type S and F streams. 7 

Under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3), at least 50 percent 8 
of a Type Np streams’ length would receive a 50-foot RMZ (DEIS Appendix B); and 9 
these segments would have most of the protection required to maintain bank stability, 10 
according to FEMAT (1993).  In addition, Type Np streams are much smaller, tend to be 11 
moderately or highly confined, and have less erosive power than Type S or F streams, 12 
therefore, they do not necessarily require extensive buffers to maintain streambank 13 
stability.  For other segments of Type Np streams and for all Ns streams, no RMZ would 14 
be provided except in cases where trees are retained for the protection of unstable slopes.  15 
However, all Type N streams would receive some protection because of the 30-foot 16 
Equipment Limitation Zones that would be implemented.  These zones would provide 17 
substantially more protection than conditions under No Action Alternative 1-Scenario 2.  18 
However, as under No Action Alternative 1-Scenario 2, the lack of an RMZ restricting 19 
timber harvest on these smaller streams means that some Type Np and all Ns streams 20 
would not receive complete bank stability protection. 21 

Alternative 4 22 
Under Alternative 4, the RMZ width and no-harvest requirements in the RMZs would 23 
meet or exceed the current recommendations in the literature (0.3 site potential tree 24 
height no-harvest buffers) for full maintenance of streambank stability on most streams.  25 
According to FEMAT (1993), all streams on both the east and westside would be 26 
completely protected (Figures 2-1 and 2-2).  In addition, where there are small channels 27 
that have potential slope stability issues, Channel Disturbance Zone buffers would 28 
provide additional protection (Table 2-15).  Thus, under Alternative 4, greater bank 29 
stability protection would be expected compared to No Action Alternative 1-Scenario 2, 30 
and somewhat more than under No Action Alternative 1-Scenario 1. 31 
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4.5 WATER RESOURCES 1 
Water resources include groundwater and surface water resources.  Water occurring in 2 
the hyporheic zone, defined as the zone of mixing between groundwater and surface 3 
water along a stream system, is also discussed in this subsection, as it can contribute to 4 
either surface water or ground water quality or quantity.  It is also discussed in subsection 5 
4.8 (Fish and Fish Habitat) as a habitat component. 6 

4.5.1 Surface Water Quality 7 
Effects on surface water quality are discussed in terms of effects on temperature, 8 
sediment and turbidity, dissolved oxygen concentration, level of contamination by 9 
pesticides (insecticides, herbicides, and fungicides), and nutrient concentrations.  10 

4.5.1.1 Evaluation Criteria 11 
Temperature 12 
Many factors can influence stream temperature, such as shade, air temperature, 13 
groundwater inflow, channel width, ratios of channel width to channel depth, and 14 
watershed conditions (Brosofske et al. 1997; Johnson and Jones 2000; Bartholow 2002; 15 
MacDonald et al. 2003; Sridhar et al. 2004; Curry et al. 2004).  Forest practices can 16 
reduce canopy cover near streams, which can lead to an increase in solar radiation and 17 
increased stream temperatures along unshaded reaches (FEMAT 1993; Brosofske et al. 18 
1997).  Temperatures in small streams were documented by Johnson and Jones (2000) in 19 
a paired basin study to return to pre-harvest conditions after 15 years following harvest, 20 
regardless of the presence of riparian buffers. 21 

The amount of temperature increase due to lack of shade and the downstream impacts of 22 
surface water warming from upstream areas depends on the combined effects of 23 
watershed and stream surface and subsurface hydrologic conditions (Johnson and Jones 24 
2000; Curry et al. 2004), but the effect of increased solar radiation due to a lack of 25 
riparian buffer can be demonstrated and modeled to be a significant local and 26 
downstream factor affecting stream temperatures, especially with respect to increases in 27 
daily temperature maxima (FEMAT 1993; Johnson and Jones 2000; Bartholow 2002; 28 
Sridhar et al. 2004).  Water temperature total maximum daily loads (TMDLs) developed 29 
for streams and rivers in Washington have predicted that it will take between 50 and 80 30 
years, depending on location and type of riparian vegetation, to achieve natural 31 
temperature conditions that existed prior to timber harvest (Personal Communication, 32 
Laurie Mann, Environmental Protection Agency, September 13, 2004). 33 

The evaluation criterion for stream water temperature is the retention of streamside shade 34 
during and after timber harvest activities to ensure no temperature increase from 35 
increased solar radiation.  For comparison the conservative approach of measuring the 36 
alternatives against the potential for change in short wave solar radiation is taken because 37 
changes in solar radiation have been demonstrated to be a primary factor controlling 38 
changes in stream temperature following harvest, even though it may not be the only 39 
factor (forestry or non-forestry related) affecting changes in stream temperature for a 40 
given watershed or reach (Johnson and Jones 2000; Bartholow 2002).  A no-harvest 41 
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buffer width of 0.75 site potential tree height is used as the criterion to evaluate the 1 
effectiveness of RMZs to maintain shade for streams greater than 5 feet in width, based 2 
on the shading curve from FEMAT (1993, p V-27). For streams less than 5 feet in width, 3 
the analysis will consider this factor plus the protection of seeps, springs, other sensitive 4 
sites, and stream-adjacent unstable slopes. 5 

Incidental protection of hyporheic zones on large streams with alluvial channels and 6 
active Channel Migration Zones may protect stream temperatures in these reaches in 7 
addition to shade protection for surface waters.  Conduction between substrate and soil 8 
materials near streams has been inferred to account for a portion of the energy input to 9 
surface waters (Johnson and Jones 2000). 10 

Sediment and Turbidity 11 
The evaluation criterion for sediment-related water quality parameters is the overall 12 
reduction in sediment delivery to streams from management activities, meaning the 13 
degree to which the alternatives would reduce sediment delivery from existing forestry-14 
related sources and minimize sediment delivery from future forestry-related sources.  15 
Reduction in sediment delivery to surface waters could be achieved by reduction in 16 
chronic erosion sources such as surface erosion and episodic sediment deposition (i.e., 17 
mass wasting) associated with timber harvest (Dhakal and Sidle 2003); and road 18 
construction, road use, road maintenance, and road abandonment (Rashin et al. 1999).  19 

Turbidity, an optical measure of water clarity, is affected by the amount of fine 20 
suspended sediment in water, but can also be related to the amount of organic acids 21 
(tannins), and other organic materials that might be dissolved in water, causing lowered 22 
water clarity even under undisturbed watershed conditions.  Therefore, for the purposes 23 
of regulation, allowable turbidity changes are relative to background.  For the purposes of 24 
this analysis, turbidity would be considered together with suspended and bedload 25 
sediment. 26 

Dissolved Oxygen and Nutrients 27 
Fish can be adversely affected by decreases in dissolved oxygen, as discussed in 28 
subsection 3.8.3.8 (Dissolved Oxygen).  The evaluation criteria for dissolved oxygen 29 
focuses on how well each of the alternatives protect water resources from decreases in 30 
dissolved oxygen that would be harmful to fish (subsection 3.8, Fish and Fish Habitat).  31 
The analysis is based on an assessment of relative effects on stream temperature and 32 
excess nutrient input as a function of proposed buffer widths under each alternative.  33 
Temperature has a direct physical effect on the concentration of dissolved oxygen in 34 
water (Washington Department of Ecology 2002c).  Dissolved oxygen concentration 35 
decreases as temperature increases up to the boiling point of water at 1 bar of pressure.  36 
The thermodynamic explanation for this phenomenon is that gases have negative 37 
entropies of solvation, meaning that gases become more ordered (due to loss of volume) 38 
when dissolved in water than in a gaseous phase (Levine 1995).  39 

Stream complexity and flow circulation are also relevant factors contributing to dissolved 40 
oxygen.  Nutrients such as those derived from leaf and needle litter in surface waters and 41 
dissolved nutrients from hyporheic zones are beneficial to fish, as discussed in subsection 42 
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3.8.3.5 (The Aquatic Food Chain).  However, excess nutrients due to wind drift or runoff 1 
from application of fertilizers may lead to adverse effects in terms of overproduction of 2 
stream organisms (e.g., algae) and consequent short-term decreases in dissolved oxygen 3 
(subsection 3.8, Fish and Fish Habitat).  Dissolved oxygen can be decreased by fine 4 
sediment input as well, if the fine sediment contains nutrient material, as discussed in 5 
subsection 3.8 (Fish and Fish Habitat).  In general, buffers for harvest activities and 6 
fertilizer application should decrease the likelihood of low dissolved oxygen 7 
concentrations in surface waters due to either reduced shade or increased nutrient input 8 
by protecting riparian and hyporheic zone functions, filtering sediment, and providing for 9 
re-areation through instream LWD (FEMAT 1993; CH2MHill 2000).  The buffers for 10 
fertilizer application would not change under any alternative because fertilizer application 11 
rules are unchanged in the January 1, 1999 Washington Forest Practices Rules and the 12 
current Washington Forest Practices Rules. 13 

Incidental protection of hyporheic zones on large streams with alluvial channels and 14 
active Channel Migration Zones may help protect stream dissolved oxygen and nutrient 15 
chemistry in these reaches from changes in the adjacent non-buffered areas (Naiman and 16 
Bilby 1998).  However, no explicit protection is given to hyporheic zones under any of 17 
the alternatives. 18 

Pesticides (Insecticides, Herbicides, and Fungicides) 19 
The evaluation of forest pesticide applications focuses on how well each of the 20 
alternatives would protect water resources from pesticide contamination (e.g., spray drift, 21 
runoff, erosion, seepage to groundwater).  In addition, the evaluation criteria take into 22 
account how well the alternatives would protect riparian plants from damage caused by 23 
pesticide applications.  Finally, the criteria consider the potential impacts to fish and 24 
aquatic life resulting from contamination of water resources in subsection 4.8 (Fish and 25 
Fish Habitat).  Note:  The reader is reminded that forest chemical activities are not 26 
included as a proposed covered activity in the State’s application for incidental take 27 
authorization under Alternative 2, Alternative 3, and Alternative 4. 28 

Several other laws and regulations, aside from the Washington Forest Practices Rules in 29 
WAC 222-50, govern the application of pesticides.  All alternatives are subject to forest 30 
practices WAC 222-16-070 (pesticide uses with the potential for a substantial impact on 31 
the environment), which helps determine if the forest practices application is a Class IV-32 
Special.  This preliminary process addresses the available information on the toxicity of 33 
the specific pesticide and the potential impacts of the proposed applications.  If under 34 
WAC 222-16-070 the forest practice is found to be a Class IV-Special, additional 35 
environmental precautions and SEPA review may be required.  Additionally, the 36 
Environmental Protection Agency (EPA) regulates the labeling, availability, and use of 37 
pesticides and other forest chemicals.  38 

An important consideration for this FEIS is that the Washington Forest Practices Rules 39 
are not the single means of environmental protection for pesticide applications.  The 40 
analysis presented in this FEIS focuses on an evaluation of each alternative with the 41 
purpose of making qualitative comparisons among the alternatives, with the caveat that 42 
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regulations developed by Federal and State agencies may require wider buffers for 1 
individual chemicals than Washington Forest Practices Rules do, or may further restrict 2 
the use of certain chemicals (including pesticides and pesticide additives) for silvicultural 3 
purposes.  Regulations are continually being developed by EPA in consultation with the 4 
Washington Department of Fish and Wildlife (WDFW), NMFS, and USFWS as new 5 
pesticides and pesticide additives come on the market.  The effectiveness of particular 6 
pesticide buffers in preventing surface water contamination may be a result of site 7 
conditions or weather conditions at time of application.  Therefore, a “fully functional” 8 
pesticide buffer cannot be defined for all current and future pesticide products. 9 

In general, pesticide applications on forestlands are currently infrequent.  On westside 10 
State-managed lands, for example, pesticide application rates are reported as one to two 11 
applications every 40 to 60 years (Washington DNR 2004c).  Modern pesticide products 12 
are generally designed to break down rapidly or bind to soil materials.  Therefore, the 13 
short term impact of spills, overspray, or erosion is considered to be more likely than the 14 
long-term impact from pesticide applications on forestlands adjacent to surface water or 15 
groundwater. 16 

4.5.1.2 Evaluation of Alternatives 17 
The effects of the alternatives on water quality parameters are analyzed in this subsection.  18 
In reading this analysis, it should be remembered from Chapter 2 (Alternatives) that 19 
under the No Action Alternative 1 no ITPs or ESA Section 4(d) take authorization would 20 
be issued.  However, this lack of action would likely affect the Forest Practices 21 
Regulatory Program in a way that is difficult to predict.  Therefore, two scenarios, which 22 
represent the endpoints of the reasonable range of possible outcomes for the Forest 23 
Practices Regulatory Program, have been defined (subsection 2.3.1, No Action 24 
Alternative 1).  The effects of No Action are displayed for both of these endpoints in the 25 
following subsections, but the actual outcome and the actual effects of No Action on 26 
water quality are likely to fall between these two scenarios. 27 

The increased protection of riparian vegetation by requiring buffers during harvest 28 
relative to historic timber practices has resulted in significantly improved riparian 29 
function (subsection 3.5.1, Surface Water Quality; DEIS Appendix A).  Improvement 30 
over historical conditions for forested streams should generally continue or at least be 31 
maintained as riparian vegetation matures regardless of which of the alternatives is 32 
selected.  However, the amount and rate of improvement, and short-term and long-term 33 
effects may be influenced by alternative, depending on the parameter. 34 

Temperature 35 
Overview of Effects 36 
This subsection evaluates the degree to which the alternatives are likely to produce 37 
elevated stream temperatures.  A summary comparison of the effects of the alternatives is 38 
provided in the next few paragraphs, and a detailed analysis of the effects is provided by 39 
alternative, in the following subsections. 40 
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No Action Alternative 1-Scenario 2 has a low to moderate likelihood of producing stream 1 
temperature increases along Type 1, 2, and 3 waters and a high likelihood along Type 4 2 
and 5 waters.  However, because of the current early-seral condition of most riparian 3 
areas on the lands covered by Washington Forest Practices Rules (subsections 3.7.1.6, 4 
Historic Protection of Riparian Areas, and 3.7.1.7, Current Condition of Riparian Areas), 5 
this alternative would likely result in some improvement in the average level of shade 6 
provided by riparian areas on covered lands over the long term.   7 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 have a low likelihood of 8 
producing elevated water temperatures in Type S and F streams.  There is a moderate to 9 
high likelihood of elevated water temperatures in Type N streams.  The effect of 10 
temperature increases in non-fish-bearing streams on downstream fish-bearing streams is 11 
uncertain, and could be important in watersheds with a high degree of past harvest or 12 
already elevated stream temperature.  Compared to current conditions, continued 13 
statewide improvement in shade retention, and therefore stream temperature protection, is 14 
expected under these alternatives, particularly within the bull trout overlay of eastern 15 
Washington where additional shade trees are required to be left in the RMZs 16 
(Washington Forest Practices Board 2001b, Section 1).  Relative to No Action 17 
Alternative 1-Scenario 2, this group of alternatives has considerably higher levels of 18 
shade retention (particularly along Type Np streams), and therefore have a lower 19 
likelihood of producing elevated stream temperatures. 20 

Alternative 4 has a very low likelihood of stream temperature increases due to adequate 21 
shade along all streams; this alternative has the lowest uncertainty of adverse effects on 22 
stream temperature when compared to both scenarios of the No Action Alternative 1.  23 
Compared to current conditions, it would result in long-term improvement and retention 24 
of stream shade, and therefore, improvement in protection of stream temperatures.   25 

Detailed Effects Analysis 26 
No Action Alternative 1-Scenario 2 27 
Under No Action Alternative 1-Scenario 2 (which would result in the January 1, 1999 28 
Washington Forest Practices Rules), Type 1, 2, and 3 waters would generally receive 29 
adequate shade protection regardless of RMZ width.  Within the RMZ, the shade rule, 30 
WAC 222-30-040, must be met before any harvest activity can occur within the RMZ.  31 
The shade rule is based upon elevation of the stream and the water quality classification 32 
of the stream (Class A or AA; Table 3-13).  The shade rule reflects the fact that lower-33 
elevation streams require more shade and higher elevations require less shade to meet 34 
water quality standards.  The shade rule is meant to achieve State water quality standards.  35 
The shade rule limits harvest within RMZs by requiring specified levels of canopy 36 
closure over streams at different elevations.  Tree retention requirements within RMZs at 37 
lower elevations tend to be greater than at higher elevations. 38 

On the westside, the minimum RMZ width of 25 feet on Type 2 and 3 waters (some Type 39 
1 waters have much wider buffers due to Shoreline Management Act requirements) does 40 
not meet the 0.75 site potential tree height required for complete shade protection for any 41 
site class (FEMAT 1993, pp V-27 through V-28).  However, the shade rule is applied to 42 



 
 
 
 
 
 

Water Resources Final EIS 
 

4-68

 Chapter 4 
the maximum RMZ width.  Therefore, water temperature protection is substantially 1 
increased over the minimum RMZ width.  For each stream type, RMZ buffer widths can 2 
vary between the minimum and maximum values of 25 feet and 100 feet (Figures 2-1 and 3 
2-2) (Chapter 2, Alternatives).  For Type 4 and 5 waters, RMZs are generally not required 4 
under most conditions and, under No Action Alternative 1-Scenario 2, would not exceed 5 
25 feet.  Therefore, RMZs for Type 4 and 5 streams do not meet the 0.75 site potential 6 
tree height required for adequate shade retention.  This is important because Type 4 and 7 
Type 5 waters comprise a large portion of the drainage network (DEIS Appendix B). 8 

On the eastside under No Action Alternative 1-Scenario 2, most RMZ widths along Type 9 
1, 2, and 3 streams do not meet the 0.75 site potential tree height criterion, except along 10 
some Type 1 streams where additional protection may occur due to Shoreline 11 
Management Act requirements.  The few exceptions are primarily where maximum 12 
RMZs are applied to areas with low site class.  However, minimum RMZ widths of 30 13 
feet do not meet the 0.75 site potential tree height required for adequate shade retention 14 
for any site class (compare p. V-27 in FEMAT 1993 to Figures 2-1 and 2-2 in this 15 
document).  Similar to the westside, the RMZ buffer width can vary between the 16 
minimum and maximum values of 30 feet to over 300 feet (Figures 2-1 and 2-2) (Chapter 17 
2, Alternatives).    18 

For Type 4 and 5 waters, RMZs are not required except for site-specific conditions and in 19 
this case would not exceed 25 feet.  The lack of RMZs on Type 4 and 5 streams would 20 
not meet the 0.75 site potential tree height criterion for shade retention.  However, shade 21 
may be provided to these streams from understory vegetation and slash.  Caldwell et al. 22 
(1991) documented temperature increases in harvested Type 4 waters of 2oC to 8oC (3.6 23 
to 14.4°F) on several westside streams.  Although in many cases the water quality 24 
temperature criteria were met, the increases observed were still violations of the 2.8oC 25 
(5°F) increase allowed for non-point source activities.  However, where a harvested Type 26 
4 stream flows into a Type 3 stream, the temperature increases in the Type 3 stream were 27 
negligible approximately 150 meters downstream of the confluence (Caldwell et al. 28 
1991).  In addition, Zwienecki and Newton (1999) found that streams returned to 29 
background temperatures within 500 feet after accounting for a stream’s natural 30 
downstream warming trend.  However, No Action Alternative 1-Scenario 2 provides no 31 
protection of sensitive sites for Type 4 waters.   32 

The shade provided by RMZs under No Action Alternative 1-Scenario 2 is further 33 
reduced as a result of allowable harvest within the RMZ.  No Action Alternative 1-34 
Scenario 2 would not meet the protection requirements for maintaining stream 35 
temperature along Type 1, 2, and 3 waters, resulting in a moderate likelihood of stream 36 
temperature increases as a result of reduced shade.  Type 4 and 5 waters would have a 37 
high likelihood of stream temperature increase due to inadequate shade because there are 38 
no buffers along Type 4 and 5 streams. 39 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 40 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 41 
the adaptive management programs among this group of alternatives (No Action 42 
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Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 1 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 2 

Westside 3 
Under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3), the stream typing 4 
and associated prescriptions increase the retention of shade provided to the drainage 5 
network compared to No Action Alternative 1-Scenario 2, because more streams would 6 
receive some type of buffer.  Under this group of alternatives, the nominal RMZ widths 7 
for Type S and F streams exceed the criteria to provide complete shade, using both 100-8 
year and 250-year site potential tree heights (Table 4.7-1), but some level of harvest 9 
would be allowed within the inner and outer zones if the shade rule of maintaining 10 
adequate shade within 75 feet of the bankfull or Channel Migration Zone edge is met.  11 
Parcels that meet the 20-acre exemption must follow the shade rule that was in effect on 12 
January 1, 1999.  The impact of these rule differences on 20-acre exempt parcels on 13 
westside stream temperatures is assumed to be negligible due to the small percentage of 14 
area impacted on westside lands (See Chapter 5, Cumulative Effects, for discussion of 15 
20-acre exempt parcel impacts). 16 

At least 50 percent of the length of Type Np streams would receive a 50-foot no-harvest 17 
buffer (DEIS Appendix B).  Seeps and other sensitive areas would also receive protection 18 
from forest practices with 50-foot no-harvest buffers.  In western Washington, 56-foot 19 
radius no-harvest buffers are required at Type Np confluences.  In addition, where an Np 20 
stream meets a Type F or S stream, a 50-foot no-harvest buffer would be required for the 21 
first 500 feet upstream of the confluence with the Type F or S stream.  These buffers 22 
should provide some temperature protection within Type Np channels.  Additional 23 
buffering would occur where trees are retained on stream-adjacent unstable slopes.  High 24 
hazard unstable slopes including channel heads, bedrock hollows, and inner gorges are 25 
commonly associated with Type Np channels and are often treated as no-harvest areas.  26 
While difficult to quantify, unstable slopes buffering substantially increases stream shade 27 
and temperature protection along many Type Np waters, particularly in western 28 
Washington where there is a higher frequency of unstable slopes and landforms.  Some 29 
portions of unbuffered Np channels are likely to exceed water quality standards for 30 
several years following harvest.  There is a low to moderate likelihood of temperature 31 
increases at the downstream end of Type Np stream reaches that would lack buffers.   32 

Type NS streams would not likely be adversely affected because these streams are 33 
typically dry during the warmest summer months when the waters are most vulnerable to 34 
warming.  However, Type Ns streams that may have water present during this time may 35 
not have adequate shade from overstory trees to maintain stream temperature because no 36 
buffers are required along these streams.  However, protection of unstable slopes adjacent 37 
to Type Ns waters would, in many cases, provide adequate shade for temperature control.  38 
However, the level of shade and length of channel protected would vary with the extent 39 
of unstable slopes and landforms.  Shrubs and debris along the streams may provide 40 
adequate shade; but, because of this uncertainty, there is a high likelihood of water 41 
temperature increases in Type NS streams where water is present during the summer 42 
months (i.e., July through September). 43 
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There are no data from the scientific literature conclusively demonstrating that the 1 
combination of a no-harvest zone with a selective harvest zone out to 0.75 site potential 2 
tree height will provide complete shade protection.  In general, the no-harvest portions of 3 
RMZs and the implementation of the shade rule would provide a higher level of 4 
protection and increase shade in areas where applied compared to No Action Alternative 5 
1-Scenario 2. Overall, the RMZ effectiveness to provide shade to Type S and F streams 6 
under this alternative would be high (subsection 4.7.1, Riparian Processes).  RMZs along 7 
Type S and F waters are adequate to maintain shade; however, potential increases in 8 
water temperature may occur along Type Ns and Np streams.  The potential cumulative 9 
effects of temperature increases in Type Np streams delivering to Type S and F streams is 10 
uncertain, but could be important in watersheds with a high degree of past harvest or a 11 
history of elevated temperatures.  This is a priority research topic under the adaptive 12 
management program incorporated under these alternatives (subsection 4.10, Birds, 13 
Mammals, Other Wildlife, and Their Habitats). 14 

Eastside 15 
Under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3), RMZ buffer widths 16 
would exceed the width recommended by FEMAT (1993) for full shade protection for 17 
Type S and F streams (Figure 4.7-3).  Along Type S and F streams the 30-foot no-harvest 18 
zone adjacent to the streambank (or Channel Migration Zone) combined with the inner 19 
zone’s selective harvest prescription (out to 0.75 site potential tree height) should 20 
adequately protect shade levels (subsection 4.7.1, Riparian Processes).  In addition, 21 
within the bull trout overlay, the shade rule would require the retention of “all available 22 
shade” within 75 feet of the streambank (or Channel Migration Zone).  The bull trout 23 
overlay includes watersheds in eastern Washington that contain bull trout habitat as 24 
identified on the WDFW’s bull trout map (Washington Forest Practices Board 2000b, 25 
Section 1; WAC 222-16-010).  The retention of shade within the bull trout overlay is 26 
likely to maintain water temperatures. 27 

For Type NP streams, sensitive sites would be buffered with either a partial cut buffer 28 
where adjacent harvest operations employ a partial cut strategy or a 50-foot no-harvest 29 
buffer where adjacent harvest operations employ a clearcut strategy.  The 50-foot partial 30 
cut strategy RMZ would not provide complete protection of shade.  However, these 31 
buffers should protect sensitive sites and provide some shade with understory vegetation 32 
to protect stream water temperatures.  For the clearcut strategy, the 50 feet of no-harvest 33 
protection would only be provided on one-third of the Np streams (DEIS Appendix B).  34 
Unstable slopes protection would supplement RMZ protection where these features are 35 
present along Type Np waters.  Although unquantified, such supplemental protection 36 
would likely be substantial in areas where there is a high frequency of unstable slopes 37 
and landforms. 38 

A low to moderate likelihood of temperature increases exists for segments of unbuffered Np 39 
streams.  Stream temperatures that may increase in these reaches might be mitigated 40 
downstream when the water flows through an RMZ (Bartholow 20042002) or if cooler 41 
groundwater or surface water enters the stream as discharge increases (Curry et al. 20042002).  42 
However, channel type (e.g., alluvial versus bedrock), susceptibility to blowdown, stream 43 
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aspect, and watershed properties or changes that would also affect groundwater and soil 1 
temperatures may also influence the efficacy of the RMZ rules downstream, or groundwater 2 
recharge temperatures (Brosofske et al. 1997; MacDdonald et al. 2003; Sridhar et al. 2004).  3 
Sensitive sites are also protected from harvest, which protect groundwater seeps and springs.  4 
Type Ns streams would not likely be adversely affected because these streams tend to be dry 5 
during the warmest summer months when the waters are most vulnerable to warming.  6 
However, Type Ns streams that may have water present during this time may lack adequate 7 
shade from overstory trees to maintain stream temperature because buffers are not required 8 
along these streams.  Where stream-adjacent unstable slopes are present, shade is likely to be 9 
retained as a result of the no-harvest buffers typically retained to protect these features.  10 
Shrubs and debris in the streams may provide adequate shade; but, because of this uncertainty, 11 
a moderate to high likelihood of water temperature increases exists in Ns streams with flowing 12 
water during the summer months. 13 

Alternative 4 14 
In general under Alternative 4, for all streams on both the eastside and westside, most if 15 
not all shade would be retained (Figures 4.7-5 and 4.7-6).  In general, the no-harvest 16 
RMZs would provide a higher level of shade retention than either scenario of No Action 17 
Alternative 1 thereby substantially reducing the likelihood of temperature increases.   18 

Sediment and Turbidity 19 
Overview of Effects 20 
This subsection evaluates the alternatives in terms of the likelihood for sediment and 21 
turbidity effects on water quality. A summary comparison of the effects of the 22 
alternatives is provided in the next few paragraphs, and a detailed analysis of the effects 23 
is provided by alternative in the following subsections. 24 

No Action Alternative 1-Scenario 2 would result in a high likelihood of sediment-related 25 
impacts to streams.  However, because of the limited protective measures followed 26 
historically (subsection 3.4.2.3, History of Forest Practices Affecting Erosion and 27 
Sedimentation), instream sediment and turbidity in forested watersheds would be 28 
expected to improve relative to current conditions under this alternative. Still, relative to 29 
No Action Alternative 1-Scenario 1 and all other alternatives, this alternative has the 30 
highest likelihood of sediment and turbidity impacts. 31 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 would result in a 32 
moderate likelihood of sediment delivery in the short term (next 10 years) and a low to 33 
moderate likelihood of sediment delivery in the long term; this conclusion has a moderate 34 
degree of uncertainty.  Instream sediment and turbidity levels would be expected to 35 
continue to improve in the long term under this alternative as riparian buffers and current 36 
rules related to mass wasting and erosion are implemented.  Relative to No Action 37 
Alternative 1-Scenario 2, these alternatives have a low likelihood of sediment and 38 
turbidity impacts.  Alternative 4 would result in a moderate likelihood of sediment 39 
delivery in the short term (next 10 years) and a low likelihood of sediment delivery to 40 
streams in the long term; this conclusion has a moderate degree of uncertainty.  41 
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This alternative would be expected to result in the most rapid improvement to instream 1 
sediment and turbidity levels in forested watersheds as a result of forest practices over the 2 
long term. Alternative 4 would the lowest likelihood of sediment and turbidity impacts 3 
relative to No Action Alternative 1 and of all the other alternatives. 4 

Detailed Effects Analysis 5 
No Action Alternative 1-Scenario 2 6 
Based on the criteria presented in subsection 4.4 (Geology, Soils, and Erosional 7 
Processes), and this subsection, No Action Alternative 1-Scenario 2 would result in 8 
increased sediment delivery relative to No Action Alternative 1-Scenario 1 and all other 9 
alternatives due to reduced protection for potentially unstable slopes, a lack of RMAPS, 10 
and reduced buffer widths.  Under No Action Alternative 1-Scenario 2, the Washington 11 
Forest Practices Board Manual would provide prescriptive-based BMPs, as required by 12 
the January 1, 1999 Washington Forest Practices Rules that were approved by the 13 
Washington Department of Ecology (Ecology).  However, as multiple studies have 14 
shown, the implementation of past BMPs did not always reduce water quality-related 15 
impacts from sediments (Rashin et al. 1999).  The slow rate at which road maintenance 16 
plans were completed under these rules indicated that this alternative would present a 17 
high likelihood of sediment delivery to streams.  However, if Watershed Analysis were 18 
applied, there would be an effective mechanism for addressing road maintenance and 19 
abandonment in watersheds with identified sediment input and water quality problems. 20 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 21 
Under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, the 22 
cumulative effects of the implementation of RMAPs, BMPs, and specific road 23 
management, use, maintenance, and construction guidelines in the Washington Forest 24 
Practices Board Manual, RMZs, and Equipment Limitation Zones on all perennial and 25 
intermittent streams, and greater environmental review of practices on potentially 26 
unstable slopes should substantially reduce sediment delivery to streams compared to No 27 
Action Alternative 1-Scenario 2.  As discussed above in subsection 4.4 (Geology, Soils, 28 
and Erosional Processes), the effect in sediment reduction would occur over time as 29 
RMAPs are implemented and completed by 2016.  In addition, all these alternatives 30 
would result in less ground disturbance because of no-harvest RMZs and/or Equipment 31 
Limitation Zones than under No Action Alternative 1-Scenario 2. 32 

Alternative 4 33 
Under Alternative 4, sediment reductions would be greater overall and would occur in a 34 
shorter timeframe than under either scenario of No Action Alternative 1.  As discussed in 35 
subsection 4.4 (Geology, Soils, and Erosional Processes), a shorter timeframe for 36 
implementation of RMAPs, the no-net-increase rule for forest roads, and the more rapid 37 
road maintenance and abandonment of orphan roads would reduce sediment delivery to 38 
streams to a greater degree than No Action Alternative 1-Scenario 1 and Scenario 2.  39 
Additionally, increased no-harvest buffer widths would provide greater protection to 40 
surface waters, as shown in subsection 4.4.1 (Surface Erosion). 41 
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Dissolved Oxygen and Nutrients 1 
In general, wide buffers would offer greater protection for dissolved oxygen levels due to 2 
cooler stream temperatures, additional wood recruitment, and reduced sediment and 3 
nutrient inputs to streams (Beschta et al. 1997; Washington Department of Ecology 4 
2002c).  5 

Based on the previous discussions of temperature and sediment, none of the alternatives 6 
are expected to result in major long-term effects on dissolved oxygen or nutrient 7 
concentrations in streams.  Although short-term influences, such as algal blooms, from 8 
large inputs of organic material (fertilizer spills, runoff, or severe blowdown in riparian 9 
zones) might occur, they would be relatively independent of the alternatives considered.  10 
The 1998 303(d) listings suggest that forestry effects on dissolved oxygen were more 11 
limited than temperature effects (Washington DNR 2004c). 12 

No Action Alternative 1-Scenario 2 has the highest likelihood of producing dissolved 13 
oxygen and nutrient impacts of all of the alternatives because it requires the narrowest 14 
buffers (See equivalent buffer area index discussion in subsections 3.4 and 4.4, Geology, 15 
Soils and Sedimentation) and the lowest shade retention of all of the alternatives 16 
considered.  17 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would offer more protection 18 
for dissolved oxygen and nutrients than No Action Alternative 1-Scenario 2 due to wider, 19 
more extensive buffers.   20 

Alternative 4 would have the lowest likelihood of producing dissolved oxygen and 21 
nutrient impacts relative to either scenario of the No Action Alternative due to high levels 22 
of riparian protection and reduced sediment inputs. 23 

Pesticides (Insecticides, Herbicides, and Fungicides) 24 
Overview of Effects 25 

This subsection evaluates the alternatives in terms of the likelihood for negative effects 26 
on water quality from pesticide application. A summary comparison of the effects of the 27 
alternatives is provided in the next few paragraphs, and a detailed analysis of the effects 28 
is provided by alternative in the following subsections. 29 

Based on required buffer widths, No Action Alternative 1-Scenario 2 is assumed to have 30 
a low to moderate likelihood of short-term negative water quality effects from improperly 31 
applied pesticides, spills, or input to streams due to erosion.  Relative to all other 32 
alternatives however, this alternative would have the highest likelihood of water quality 33 
impacts from pesticides. 34 

Additional requirements targeting the protection of surface waters under No Action 35 
Alternative 1-Scenario 1, Alternative 2, and Alternative 3, would result in a continued, 36 
reduced likelihood of impacts to surface water and groundwater (through a reduction in 37 
exchange with contaminated surface water). 38 
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Increased buffer widths required for hand applications of pesticides near surface waters 1 
under Alternative 4 means this alternative has a much lower likelihood of surface water 2 
contamination compared with No Action Alternative 1-Scenario 2, and a slightly lower 3 
likelihood of contamination compared with No Action Alternative 1-Scenario 1. 4 

Detailed Effects Analysis 5 
No Action Alternative 1-Scenario 2 6 
Hand application of pesticides within the RMZ would not result in direct entry into 7 
surface waters.  However, application of highly persistent pesticides, or pesticides with 8 
high mobility, could result in measurable surface water contamination through localized 9 
erosion or storm runoff.  The overall impact would be situation- and chemical-specific, 10 
depending on the specific chemical properties as well as the timing, duration, and extent 11 
of contamination.  In general, because of the slow surface and subsurface runoff from 12 
forested lands and the relatively infrequent pesticide applications, most pesticide 13 
applications in the RMZ are not expected to result in meaningful impacts on measurable 14 
degradation of water quality.   15 

In the January 1, 1999 Washington Forest Practices Rules, a 50-foot buffer required for 16 
aerial applications on all Type 1, 2, and 3 waters and flowing portions of Type 4 and 5 17 
waters does not provide sufficient protection to prevent pesticides from entering surface 18 
waters.  Wind conditions favoring atmospheric drift toward surface water could result in 19 
a direct application of pesticides to the surface water.  No Action Alternative 1-Scenario 20 
2 does not include any special provisions or modifications for pesticide application based 21 
on weather conditions or equipment (e.g., wind speed, application height, nozzle type, or 22 
droplet size).  Variations in wind conditions, droplet size, air shear (a function of nozzle 23 
angle and air speed), nozzle height, and boom length all have a significant influence on 24 
pesticide spray drift (Spray Drift Task Force 1997; Washington Department of Ecology 25 
1993a).  By not accounting for these variations, No Action Alternative 1-Scenario 2 26 
poses a higher likelihood of surface water contamination caused by spray drift, adverse 27 
weather, or inappropriate equipment selection and use than No Action Alternative 1-28 
Scenario 1.  Although the entry of pesticides into surface waters does not necessarily 29 
result in meaningful impacts (e.g., very low levels of pesticide contamination may not 30 
even be measurable), Ecology (1993a) found a 50-foot buffer to be partially effective to 31 
ineffective at meeting applicable water quality standards, Forest Practices Rule 32 
requirements, and certain product label restrictions.  33 

In addition, the application of pesticides to dry portions of Type 4 and 5 waters and other 34 
ponds and sloughs could result in high instream concentrations if future runoff returns 35 
flow to the dry streams (Washington Department of Ecology 1993a).  Research has 36 
shown instances where applications over dry channels resulted in very high instream 37 
concentrations of chemicals.  The results were generally temporary but important enough 38 
to cause adverse impacts on water quality and aquatic organisms (Neary and Michael 39 
1996; Washington Department of Ecology 1993a).  Because none of the alternatives 40 
provide any greater protection of dry streambeds, the impacts would be the same under 41 
all alternatives. 42 
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When applying pesticides using power equipment from the ground, the 25-foot buffer 1 
required for all typed waters (excluding dry Type 4 and 5 waters) and all Type A and B 2 
wetlands should adequately protect surface waters from receiving significant pesticide 3 
overspray.  However, as with the hand and aerial applications, the 25-foot buffer does not 4 
provide a high level of protection from highly mobile or highly persistent pesticides that 5 
may be transported to surface waters through erosion or storm runoff.  However, slow 6 
runoff from forested lands, the relatively infrequent application of pesticides, and the 7 
generally low toxicity of most pesticides are likely to limit surface water contamination.  8 
Hand application of pesticides within Wetland Management Zones should not result in 9 
meaningful impacts to surface waters, provided that those pesticides are only applied to 10 
specific targets and the required application rates are not exceeded.   11 

Any leaks, drips, and spills of pesticides could contaminate forest soils.  The potential 12 
impacts of an accidental spill are highly dependent on the effectiveness of the required 13 
containment and cleanup procedures.  If effective safety and cleanup measures are not 14 
implemented and contaminated soils erode, the contaminants could be passed to 15 
downstream waters.   16 

Finally, possible impacts on surface waters could occur through contaminated 17 
groundwater flow to surface waters.  The extent of these impacts is difficult to predict but 18 
depends on the degree of groundwater contamination, the volume of water exchanged, 19 
the length of time between groundwater contamination and contact with surface water, 20 
and the persistence and mobility of the pesticide in question.  21 

Overall, pesticide applications under No Action Alternative 1-Scenario 2 would have a 22 
moderate likelihood of surface water contamination and may result in impacts on surface 23 
waters, primarily for newer products that have not had buffer determinations made by 24 
EPA, and for which a 50-foot buffer may not be adequate (Washington Forest Practices 25 
Board 2001a, Appendix J). 26 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 27 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 28 
the adaptive management programs among this group of alternatives (No Action 29 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 30 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management).  31 

Compared to No Action Alternative 1-Scenario 2, No Action Alternative 1-Scenario 1, 32 
Alternative 2, and Alternative 3 contain additional requirements targeting the protection 33 
of water resources from pesticide applications. These alternatives include implementation 34 
of BMPs designed to “eliminate the direct entry of pesticides to water (defined as the 35 
entry of medium to large droplets), while minimizing off-target drift” in aerial application 36 
of pesticides (Washington DNR 1999).  By recommending variable buffer widths for 37 
aerial applications depending on water type, environmental conditions, and the method of 38 
application, No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 would 39 
result in a lower likelihood of water quality impacts compared to No Action Alternative 40 
1-Scenario 2.  Specifically, by adjusting the buffer widths to suit wind conditions, nozzle 41 
types, and application heights during aerial application of pesticides, these alternatives 42 
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would reduce the pesticide drift into surface waters compared to No Action Alternative 1-1 
Scenario 2 (Washington Department of Ecology 1993a).  Buffer widths specified for 2 
these alternatives also are correlated with the critical management or habitat zones 3 
identified for each water type.  Therefore, No Action Alternative 1-Scenario 1, 4 
Alternative 2, and Alternative 3 would also minimize impacts within the RMZs identified 5 
for each water type.  Moreover, these alternatives recommend using the maximum 6 
applicable buffer width in situations where the recommended buffer width and 7 
recommended offset from surface waters are different.   8 

Under this group of alternatives, restrictions on ground applications of pesticides with 9 
power or hand equipment provide for greater protection of Type S or F waters compared 10 
to No Action Alternative 1-Scenario 2.  Specifically, ground application with power 11 
equipment would not be permitted within the core and inner zones of Type S and F 12 
waters, and hand applications would not be allowed within the core zones of Type S or F 13 
waters (unless prescribed to meet specific localized requirements).  These buffers can 14 
total to 100 feet or more for RMZs on Site Class II (Figures 2-1 and 2-2).  These 15 
increased buffer widths afforded by these alternatives would result in a lower likelihood 16 
of drift and erosive transport of pesticides than under No Action Alternative 1-Scenario 2. 17 

Overall, the increased attention given to the required buffer widths under No Action 18 
Alternative 1-Scenario 1 (and Alternatives 2 and 3) would reduce the likelihood of 19 
surface water impacts compared to No Action Alternative 1-Scenario 2.  However, 20 
because this group of alternatives still allow for pesticide application over dry segments 21 
of some watercourses, some contamination of surface waters is possible if flow returns to 22 
the stream soon after the application.  Likewise, even with the increased buffer width for 23 
most surface waters, these alternatives could allow low levels of pesticides to reach 24 
surface waters either directly or through storm water runoff, soil erosion, and sediment 25 
transport.  Nevertheless, the net impacts would be less than those expected under No 26 
Action Alternative 1-Scenario 2. 27 

Alternative 4  28 
Alternative 4 is nearly identical to No Action Alternative 1-Scenario 1with the exception 29 
of three main additions.  Under Alternative 4, plants with cultural value would be 30 
protected from forest pesticides, hand application of forest pesticides would be prohibited 31 
within 50 feet of all typed waters, and forest pesticide applications needed to restore 32 
RMZ functions would require an alternate plan.  Therefore, surface water impacts from 33 
pesticide applications under Alternative 4 are expected to be slightly less than under No 34 
Action Alternative 1-Scenario 1and considerably less than under No Action Alternative 35 
1-Scenario 2. 36 

The increased buffer required for hand applications near surface waters under Alternative 37 
4 would greatly reduce the amount of pesticides that reach surface waters directly via 38 
spray drift compared to No Action Alternative 1-Scenario 2, and only slightly reduce the 39 
potential for contamination compared to No Action Alternative 1-Scenario 1.  The 40 
recommended 50-foot buffer for hand applications is greater than that required under the 41 
scenarios of the No Action Alternative, with the exception of the core zone buffer on 42 
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westside Type S and F streams required under No Action Alternative 1-Scenario 1 1 
(westside core zone is 50 feet).  In addition, alternative plans required for forest pesticide 2 
applications when restoring RMZs under Alternative 4 are expected to reduce the amount 3 
of pesticides that enter surface waters.  However, as with all other alternatives, low levels 4 
of pesticides may reach surface waters through storm runoff, soil erosion, and sediment 5 
transport.  6 

4.5.2 Surface Water Quantity 7 
Surface water quantity is evaluated in terms of the effects of timber harvest activities on 8 
water yield, low flows, and peak flows.  The effects of individual forest practices in 9 
general will contribute to short-term effects on water quantity that will improve over the 10 
course of a few years to a few decades following harvest, except for road-related effects.  11 

4.5.2.1 Evaluation Criteria 12 
Water Yield 13 
An increase in overall annual water yield is generally not considered to adversely affect 14 
the beneficial uses of the stream system.  However, differences between the alternatives 15 
and the No Action Alternative are evaluated qualitatively based on the literature.  As 16 
discussed in subsection 3.5.2.1 (Water Yield (Annual)), timber harvest has been shown to 17 
increase water yields in the short term following timber harvest due to reduced 18 
evapotranspiration.  As forests re-grow, these effects are reduced (subsection 3.5.2.1, 19 
Water Yield (Annual)).  Further discussion is included under the subsection titled Peak 20 
Flows, below. 21 

Low Flows 22 
As discussed in subsection 3.5.2.2 (Low Flows), studies of low flows following timber 23 
harvest have shown that summer low flows in western Oregon and northern California 24 
have increased over pre-harvest levels for approximately 5 years following timber 25 
harvest.  An increase in low flows during the summer months generally does not 26 
adversely affect the beneficial uses of the aquatic system.  Small volumetric increases 27 
may provide improved habitat conditions (lower stream temperatures, increased instream 28 
wetted area, and volume) and increased aquatic productivity (subsection 3.5.2.2, Low 29 
Flows).  Differences among the alternatives are evaluated qualitatively based on the 30 
literature. 31 

Peak Flows 32 
Peak flows are evaluated in terms of the effects of roads and the effects of timber harvest, 33 
as described below.  Peak flow impacts are episodic, occurring during storm events. 34 

Road Influence on Peak Flows 35 
The FFR set an objective to “maintain surface and groundwater hydrologic regimes 36 
(magnitude, frequency, timing, and routing of stream flows) by disconnecting road 37 
drainage from the stream network, preventing increases in peak flows causing scour, and 38 
maintaining hydrologic continuity of wetlands” (FPHCP Appendix B). As discussed in 39 
subsection 3.5.2.7, (Management Influences on Peak Flows), two summaries of recent 40 
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research studies on roads in forested areas demonstrate that roads can have significant 1 
effects on peak flows if roads are improperly constructed and if road drainage is 2 
connected to the stream network through improper construction or neglect (USDA Forest 3 
Service 2001; CMER 2004).  A potential exists that road drainage may increase peak 4 
flow magnitudes, which would have greater impacts on first and second order drainages.  5 
This potential may be substantial in certain basins, and is based upon the road 6 
management and drainage criteria, and potential for decrease (e.g., abandonment) in 7 
roads under each alternative (further discussion of RMAPs and abandonment is included 8 
in subsection 3.4, Geology, Soils, and Erosional Processes).  9 

Timber Harvest Influence on Peak Flows 10 
Many studies have found a correlation between the hydrologic maturity of a basin, 11 
especially in the rain-on-snow zone (also known as the transient snow zone), and the 12 
potential for increased peak flows (subsection 3.5.2.7, Management Influence on Peak 13 
Flows).  The evaluation criteria for timber harvest-related peak flows is how well the 14 
Washington Forest Practices Rules under each alternative would reduce the potential for 15 
large areas in the rain-on-snow zone of a basin to become hydrologically immature (e.g., 16 
early-seral stage).  Although the effect of rain-on-snow events is most pronounced in the 17 
rain-on-snow zone, they can potentially occur at any elevation, depending on storm 18 
temperature and antecedent snow conditions.  Therefore, the effects of timber harvest on 19 
peak flows in rain-dominated and snowmelt-dominated watersheds were also considered. 20 

4.5.2.2 Evaluation of Alternatives 21 
The effects of the alternatives on surface water quantity are analyzed in this subsection.  22 
In reading this analysis, it should be remembered from Chapter 2 (Alternatives) that 23 
under the No Action Alternative 1 no ITPs or ESA Section 4(d) authorization would be 24 
issued.  However, this lack of action would likely affect the Forest Practices Regulatory 25 
Program in a way that is difficult to predict.  Therefore, two scenarios, which represent 26 
the endpoints of the reasonable range of possible outcomes for the Forest Practices 27 
Regulatory Program, have been defined (subsection 2.3.1, No Action Alternative 1 (No 28 
Action)) to represent the No-Action Alternative.  The effects of No Action are displayed 29 
for both of these endpoints in the following subsections, but the actual outcome and the 30 
actual effects of No Action on water quality are likely to fall between these two 31 
scenarios. 32 

Water Yield 33 
The alternatives may be ranked in terms of their relative probability of increasing short-34 
term annual water yield based on the total amount of harvest allowed.  No Action 35 
Alternative 1-Scenario 2 would have the least restrictions on harvest area and would have 36 
the greatest probability among the alternatives of increasing short-term water yield for 37 
any given watershed as a result of timber harvest because it would assume the least 38 
acreage of buffered areas adjacent to surface water and wetland features.  It would also be 39 
the least restrictive alternative in terms of harvest on potentially unstable slopes and road 40 
placement.  No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) would have 41 
similar probabilities of increasing water yield as a result of timber harvest as No Action 42 
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Alternative 1-Scenario 2, but would have a lower probability of increasing short-term 1 
annual water yield for a given watershed as a result of timber harvest.  Alternative 4 2 
would have the lowest probability among the alternatives of increasing water yield as a 3 
result of timber harvest because it has: 1) the greatest acreage of no-harvest buffers 4 
adjacent to surface water and wetland features, 2) a requirement that there be no net 5 
increase in roaded areas, and 3) the most conservative restrictions on areas that may be 6 
buffered due to potential slope instability. 7 

Low Flows 8 
A qualitative comparison of alternatives would yield identical conclusions to the 9 
discussion in subsection 4.5.2.1 (Evaluation Criteria), ranking No Action Alternative 1-10 
Scenario 2 as having the greatest probability to increase low flows following harvest, 11 
followed by the group of No Action Alternative 1-Scenario 1, Alternative 2, and 12 
Alternative 3. Alternative 4 would be least likely to increase low flows in the short term 13 
for a given watershed as a result of timber harvest. 14 

Peak Flows 15 
The discussion of alternatives based on peak flow effects is divided into effects from 16 
timber harvest and effects from roads. 17 

Timber Harvest Influence on Peak Flows 18 
Overview of Effects 19 
This subsection evaluates the degree to which each alternative is likely to produce 20 
increases in peak flows due to timber harvest. A summary comparison of the effects of 21 
the alternatives is provided in the next few paragraphs, and a detailed analysis of the 22 
effects is provided by alternative, in the following subsections. 23 

No Action Alternative 1-Scenario 2 has a moderate likelihood of peak flow increases.  24 
Under this alternative, peak flow effects would be addressed through Watershed Analysis 25 
or the rain-on-snow rule (See discussion about this rule under the Detailed Effects 26 
Analysis below). 27 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 would have a 28 
slightly lower likelihood of peak flow effects relative to No Action Alternative 1-29 
Scenario 2.  Under these alternatives, forest landowners would have less incentive to 30 
conduct Watershed Analyses, which includes an assessment of peak flow impacts.  Rain-31 
on-snow peak flow impacts would continue to be addressed through the rain-on-snow 32 
rule under these alternatives. 33 

Alternative 4 would provide the lowest likelihood of harvest-related peak flow impacts 34 
relative to all other alternatives because the rules would directly address the cumulative 35 
hydrologic maturity in rain-on-snow zones.  36 

Detailed Effects Analysis 37 
No Action Alternative 1-Scenario 2.  The Washington Forest Practices Rules in effect 38 
on January 1, 1999 address the effects of timber harvest on peak flows in two ways.  39 
First, the rules authorize the Washington DNR to condition the size of clearcuts in the 40 
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“significant” (WAC 222-22-100(2)) rain-on-snow zone where peak flows can potentially 1 
result in material damage to public resources.  This rule is commonly referred to as the 2 
“rain-on-snow” rule.  Second, harvest-related effects on rain-on-snow-generated peak 3 
flows are addressed as part of Watershed Analysis.  In Watershed Analysis, the 4 
hydrologic change module assesses the sensitivity of sub-basins within a Watershed 5 
Administrative Unit to increased peak flows resulting from the effects of timber harvest 6 
on snow accumulation and melt during rain-on-snow precipitation events.  However, 7 
Watershed Analysis has only been applied to a small percentage of the State and is 8 
voluntary for private landowners.  Lack of Federal ESA assurances under this alternative 9 
may increase the frequency and rate at which Watershed Analyses are conducted. 10 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3.  Note:  The 11 
reviewer is reminded to consider the differences in effectiveness over time of the 12 
adaptive management programs among this group of alternatives (No Action Alternative 13 
1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in evaluating the 14 
effects discussed below (subsection 4.1.5, Adaptive Management). 15 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 would result in an 16 
increase in the level of tree retention across the landscape relative to No Action 17 
Alternative 1-Scenario 2 due to additional protections associated with RMZs, Channel 18 
Migration Zones, sensitive sites, and unstable slopes.  Also, the rain-on-snow rule and 19 
Watershed Analysis would address the effects of harvest on rain-on-snow-generated peak 20 
flows under these alternatives.  Watershed Analysis would be required of the Washington 21 
DNR to the extent that funding is available and landowners voluntarily participate.  No 22 
new Watershed Analyses have been initiated since the Forest and Fish rules were 23 
implemented in 2000, and none are anticipated for the near future.  Although it is part of 24 
the current Washington Forest Practices Rules, it remains unfunded.  Under No Action 25 
Alternative 1-Scenario 1, Alternative 2, and Alternative 3, there would be less incentive 26 
to conduct Watershed Analysis.  However, the results of past Watershed Analyses 27 
suggest that rain-on-snow peak flow impacts associated with timber harvest are very 28 
limited.   29 

Management prescriptions to limit harvest-induced peak flow increases have been 30 
developed for only two of approximately 62 Watershed Administrative Units that have 31 
undergone analysis (Personal Communication, Jeff Grizzel, DNR, September 16, 2004). 32 
The likelihood of negative effects associated with timber-harvest induced peak flows 33 
could be slightly lower than under No Action Alternative 1-Scenario 2.  34 

Alternative 4.  Under Alternative 4, a new eastside hydrology module would be 35 
developed as part of Watershed Analysis and would be applied to eastside watersheds 36 
that undergo Watershed Analysis.  As in the other alternatives, Watershed Analysis 37 
would remain mandatory for the Washington DNR depending on available funding, and 38 
voluntary for private landowners.  In addition, a landscape rule would be applied to all 39 
forest practices applications to limit the amount of hydrologically immature (based upon 40 
crown closure) forest within rain-on-snow zones.  The rule states that a minimum of two-41 
thirds of lands by ownership, within the rain-on-snow zone of basins 1,000 acres or larger 42 
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in size must be maintained in stands that are at least 25 years old.  This alternative would 1 
provide the greatest protection among all alternatives, substantially more than No Action 2 
Alternative 1-Scenario 2, and more than No Action Alternative 1-Scenario 1, from 3 
potential management-related peak flows from rain-on-snow events. 4 

Road Influence on Peak Flows 5 
Overview of Effects 6 
This subsection evaluates the alternatives in terms of the likelihood of road-induced peak 7 
flow increases.  A summary comparison of the effects of the alternatives is provided in 8 
the next few paragraphs, and a detailed analysis of the effects is provided by alternative 9 
in the following subsections. 10 

All alternatives would be expected to reduce road-induced peak flow increases through 11 
improved road construction, maintenance, and abandonment over historical conditions 12 
(DEIS Appendix A). 13 

No Action Alternative 1-Scenario 2 would not encourage disconnection of road drainage 14 
from the stream network; therefore, there would be a moderate likelihood of road-15 
induced peak flow increases.  Further, the potential for an increase in road-influenced 16 
peak flows compared to current conditions would exist. 17 

No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) would reduce the potential 18 
for road-related peak flow increases because the Washington Forest Practices Rules 19 
would require that road drainage be disconnected from the stream network. 20 

Alternative 4 would have a similar or lower likelihood of road-related peak flow 21 
increases relative to No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 22 
because the more rapid implementation of RMAPs under this alternative would 23 
accelerate the disconnection of road drainage from stream networks. 24 

Detailed Effects Analysis 25 
No Action Alternative 1-Scenario 2.  Under No Action Alternative 1-Scenario 2, the 26 
road drainage BMPs included in the January 1, 1999 Washington Forest Practices Rules 27 
such as rolling grade dips, water bars, and grade dips at stream crossings would be 28 
encouraged and their use would be required if deemed necessary, but specifics are not 29 
given that make those requirements clear on when implementation is necessary.  Because 30 
the January 1, 1999 Washington Forest Practices Rules do not explicitly require 31 
outsloping of roads, but do require ditching, relief culverts, and other BMPs that reduce 32 
the volume of surface water reaching streams, the implementation of these rules may 33 
have a greater effect in extending the drainage network and potentially influencing peak 34 
flows than would the rules under the other alternatives (subsection 4.1.2.5, Alternative 35 
Groupings).   36 

Requirements for locating roads in the January 1, 1999 Washington Forest Practices 37 
Rules included the following requirements:  stream crossings are required to be 38 
minimized, as well as road locations in RMZs, wetlands, Wetland Management Zones 39 
and narrow canyons.  Except where crossings are necessary, roads shall not be located in 40 
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natural channels or RMZs except where the Washington DNR determines the risk to 1 
public resources is too great to relocate the road. 2 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3.  Note:  The 3 
reviewer is reminded to consider the differences in effectiveness over time of the 4 
adaptive management programs among this group of alternatives (No Action Alternative 5 
1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in evaluating the 6 
effects discussed below (subsection 4.1.5, Adaptive Management). 7 

Under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, closer 8 
spacing of ditch relief culverts compared to No Action Alternative 1-Scenario 2 would be 9 
required, and outlets of ditch relief culverts would have to be located to allow the 10 
dispersal of water to the forest floor before reaching any stream.  RMAPs would have to 11 
be implemented by 2016.  These include abandonment of roads and the upgrade of all 12 
roads (except orphaned roads) to current construction standards, which includes drainage.  13 
The reduction in road surface drainage would reduce the potential of road influences on 14 
peak flows.  15 

Requirements for locating roads are similar to No Action Alternative 1-Scenario 2.  16 
Stream crossings would be required to be minimized, and except for crossings, roads 17 
would be kept out of natural channels, Channel Migration Zones, RMZs, Equipment 18 
Limitation Zones, or sensitive sites, when there would be substantial damage to fish or 19 
wildlife habitat.  Additionally, an interdisciplinary team would be required to review the 20 
placement of roads in such areas.  These additional requirements and levels of review 21 
may prevent excessive hydrologic connection between new roads and streams in some 22 
areas. 23 

Alternative 4.  Under Alternative 4, road effects on peak flows would be similar to No 24 
Action Alternative 1-Scenario 1. In addition, there would be no net increase in roads 25 
allowed for large landowners.  However, RMAPs would be implemented sooner than 26 
under No Action Alternative 1-Scenario 1 (10 years versus 15 years).  The no-net 27 
increase in roads and similar drainage guidelines as under No Action Alternative 1-28 
Scenario 1would likely reduce the impacts of roads on peak flows.  The road effects on 29 
peak flows would be less compared to No Action Alternative 1-Scenario 2 because of the 30 
requirements for no-net increase in roads and the accelerated schedule for RMAPS.  31 

4.5.3 Groundwater 32 
4.5.3.1 Evaluation Criteria 33 
Water Quality 34 
The primary concerns for groundwater quality are the effects of forest practices on 35 
groundwater temperature and effects from pesticide applications or fertilization 36 
(CH2MHill 2000).  These effects are qualitatively assessed under each alternative.   37 

Studies of hyporheic zones (regions within the streambed and near streams where surface 38 
water and shallow groundwater mix at the reach scale (e.g., Naiman and Bilby 1998)), 39 
show complex flow patterns and locations of upwelling and downwelling of groundwater 40 
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along alluvial channels.  Colluvial and bedrock channels tend to have more limited 1 
hyporheic zones.  Upwelling hyporheic waters are sought out by salmonids during 2 
spawning and rearing (subsection 4.8, Fish and Fish Habitat). Alterations to the 3 
hyporheic zone due to local decreases in groundwater input, disturbances to floodplains 4 
and channels by debris flows, timber harvest, or road building could potentially alter the 5 
hydrology of the hyporheic zone and associated surface waters and fish habitat.  6 
However, due to the complexity of hyporheic zone hydrology, even a qualitative 7 
evaluation of the proposed alternatives on this resource is somewhat speculative.  An 8 
assumption is made that larger buffers and more conservative protections for the riparian 9 
zone would have a lower likelihood of disturbing groundwater hydrology and water 10 
quality of the hyporheic zone, which would also be beneficial to associated resources, 11 
such as fish and amphibians.  The hyporheic zone resource is especially important for 12 
streams with Channel Migration Zones and broad floodplains (subsection 3.5, Water 13 
Resources). 14 

Water Quantity 15 

Timber harvest increases peak flows and water yield to surface water by decreasing 16 
infiltration rates and evapotranspiration within a watershed or landscape (Lewis et al. 17 
2001). There are potentially competing effects on groundwater on a watershed or Water 18 
Resource Inventory Area (WRIA) scale: groundwater inputs to lower reaches of stream 19 
systems decrease over time due to a reduction in infiltration during storm events on a 20 
watershed or WRIA scale (Harr et al. 1979). Cumulative effects may increase the effects 21 
on aquifer systems where forestlands occur on recharge areas for groundwater.  However, 22 
analysis at regional or statewide scales is speculative due to the complexity of 23 
groundwater hydrology and groundwater-surface water interactions.  The differences 24 
among the alternatives in terms of the effects of forest practices on groundwater quantity 25 
are qualitatively assessed. 26 

4.5.3.2 Evaluation of Alternatives 27 
The effects of the alternatives on water quantity are analyzed in this subsection.  In 28 
reading this analysis, it should be remembered from Chapter 2 (Alternatives) that under 29 
the No Action Alternative 1, no ITPs or ESA Section 4(d) take authorization would be 30 
issued.  However, this lack of action would likely affect the Forest Practices Regulatory 31 
Program in a way that is difficult to predict.  Therefore, two scenarios, which represent 32 
the endpoints of the reasonable range of possible outcomes for the Forest Practices 33 
Regulatory Program, have been defined (subsection 2.3.1, No Action Alternative 1 (No 34 
Action)) to represent the No-Action Alternative.  The effects of No Action are displayed 35 
for both of these endpoints in the following subsections, but the actual outcome and the 36 
actual effects of No Action on water quantity are likely to fall between these two 37 
scenarios. 38 

Water Quality 39 
Overview of Effects 40 
Because all alternatives are subject to specific provisions for the protection of 41 
groundwater having a high susceptibility for contamination (WAC 222-16-070), 42 
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application of forest pesticides should not result in substantial impacts on groundwater 1 
and hyporheic zone water quality.  Groundwater temperature is not discussed, except in 2 
terms of impacts to hyporheic zone upwelling areas.  Effects on municipal or sole source 3 
aquifer temperatures from forestry are not anticipated to vary among alternatives, or to be 4 
substantial. 5 

Detailed Effects Analysis 6 
No Action Alternative 1-Scenario 2 7 
No Action Alternative 1-Scenario 2 includes provisions to limit groundwater 8 
contamination resulting from forest pesticide applications.  Groundwater protection is 9 
provided under WAC 222-16-070 (pesticide uses with the potential for a substantial 10 
impact on the environment), where the Washington Forest Practices Rules require an 11 
evaluation of site-specific use of aerially applied pesticides or fertilizers.  However, 12 
localized groundwater impacts could also occur through contaminated surface water 13 
recharge to groundwater.  The extent of these impacts is difficult to predict but depends 14 
on the degree of contamination of the surface water, the volume of water exchanged, and 15 
the mobility and persistence of the chemical contaminant.   16 

The likelihood that a given pesticide or fertilizer would impact a groundwater aquifer 17 
depends in part on geologic and hydrologic conditions that vary considerably across the 18 
State.  Local conditions determine how rapidly groundwater moves, whether it is 19 
connected directly or indirectly to surface waters and how groundwater withdrawals 20 
affect surface waters, the depth of the water below the soil surface, and how effectively 21 
soils attenuate or filter out chemical contaminants (Environmental Protection Agency 22 
1986).  This complex interaction between soil and water makes it difficult to predict the 23 
likelihood and extent of groundwater contamination. 24 

Because No Action Alternative 1-Scenario 2 would provide provisions for groundwater 25 
protection, application of forest pesticides and fertilizers should not result in substantial 26 
impacts to groundwater quality.  However, groundwater impacts could occur in localized 27 
areas with particularly vulnerable aquifers and in areas where highly persistent and 28 
mobile pesticides are applied.  Likewise, the application of forest pesticides and 29 
fertilizers to forested lands may contribute to cumulative effects on groundwater quality, 30 
the net effects of which are area- or site-specific and somewhat unpredictable.  Additional 31 
details on the potential impacts to groundwater quality from pesticides and fertilizers are 32 
discussed in Appendix J of the recent Forest Practices Alternatives SEPA EIS 33 
(Washington Forest Practices Board 2001a). 34 

The widespread use of pesticides and fertilizers could lead to contamination of 35 
groundwater aquifers unless adequate protective measures are implemented.  No Action 36 
Alternative 1-Scenario 2 does not include any specific provisions for the protection of 37 
aquifers, but does provide for the protection of groundwater having a high susceptibility 38 
for contamination.  In general, No Action Alternative 1-Scenario 2 is not expected to 39 
result in substantial impacts on aquifers.  To date, there are no data that indicate that 40 
forest pesticide applications under the January 1, 1999 Washington Forest Practices Rules 41 
(No Action Alternative 1-Scenario 2) resulted in substantial impacts to aquifers, 42 
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therefore, no substantial impacts are expected to occur under this alternative.  Application 1 
of forest pesticides and fertilizers, however, could contribute to cumulative impacts 2 
associated with contamination of aquifers.  Appendix J in the Washington Forest 3 
Practices Board (2001) contains additional details on the potential for sole-source aquifer 4 
contamination from forest chemicals. 5 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 6 
Groundwater impacts associated with No Action Alternative 1-Scenario 1, Alternative 2, 7 
and Alternative 3 are expected to be similar but slightly less than under No Action 8 
Alternative 1-Scenario 2.  Direct impacts on groundwater from pesticide or fertilizer 9 
leaching to groundwater aquifers could potentially occur at the same rate under No 10 
Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 as with No Action 11 
Alternative 1-Scenario 2.  However, because the increased buffer widths required under 12 
No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 would result in 13 
fewer surface water impacts, the likelihood that contaminated surface water would reach 14 
and contaminate groundwater (via water exchange with a susceptible aquifer or within 15 
the hyporheic zone) is also reduced. 16 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 is expected to result 17 
in similar but slightly lower impacts on aquifers compared to No Action Alternative 1-18 
Scenario 2.  The increased buffer widths required for pesticide applications under No 19 
Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 would result in slightly 20 
less impact on surface waters resulting in a reduction in the potential for the interaction of 21 
contaminated surface water with aquifers.  Overall, impacts are expected to be similar to 22 
or slightly lower than those described for No Action Alternative 1-Scenario 2 (i.e., no 23 
substantial impacts). 24 

Alternative 4 25 
The potential groundwater impacts resulting from pesticide or fertilizer application under 26 
Alternative 4 are expected to be nearly identical to the impacts associated with No Action 27 
Alternative 1-Scenario 1, but lower than No Action Alternative 1-Scenario 2.  The 28 
biggest difference is that the minor reduction in the potential for pesticide drift to surface 29 
waters during aerial application under Alternative 4 could result in a decrease in the level 30 
of pesticides reaching groundwater or hyporheic zones (through a reduction in the 31 
exchange with potentially contaminated surface waters, as discussed above); a slight 32 
decrease compared to No Action Alternative 1-Scenario 1 and more of a decrease 33 
compared to No Action Alternative 1-Scenario 2.   34 

Alternative 4 is expected to result in similar but slightly lower impacts on aquifers 35 
compared to No Action Alternative 1-Scenario 1 and even less of an impact when 36 
compared to No Action Alternative 1-Scenario 2.  The increased buffer widths required 37 
for pesticide and fertilizer applications under Alternative 4 may result in slightly less 38 
sole-source aquifer contamination, through a reduction in the potential for contaminated 39 
surface water to interact with and adversely impact groundwater.   40 
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Water Quantity 1 
Overview of Effects 2 
None of the alternatives are expected to measurably alter the availability of water to 3 
aquifers.  Therefore, only effects to hyporheic zone water quantity are considered. 4 

Detailed Effects Analysis 5 
No Action Alternative 1-Scenario 2 6 
Based on the assumptions stated above, No Action Alternative 1-Scenario 2 would have 7 
the highest likelihood for adverse impacts to the hydrology of hyporheic zones due to the 8 
narrow buffers on streams, especially Type 1 and 2 streams, which would contain most of 9 
the alluvial channels with significant hyporheic zones.  A mitigating factor for large 10 
streams (Type 1 or S) is the Shoreline Management Act that requires a 200-foot Shoreline 11 
Management Zone buffers on each side of these streams, and allows no more than 30 12 
percent timber volume removal every 10 years.  The Shoreline Management Act applies 13 
regardless of alternative.   14 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 15 
No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) would have a lower 16 
likelihood for adverse hyporheic zone impacts than No Action Alternative 1-Scenario 2 17 
based on buffer width and the increased protection of riparian areas on all streams, 18 
particularly Type S and F streams. No Action Alternative 1-Scenario 1 (and Alternatives 19 
2 and 3) all include protection of Channel Migration Zones, which also provides 20 
additional protection for hyporheic zones.   21 

Alternative 4 22 
Alternative 4 would offer the greatest protection concerning riparian areas, particularly 23 
on low-gradient streams that would be most likely to have extensive hyporheic zones in 24 
alluvial channels.  The protection of hyporheic zones would be substantially greater 25 
under Alternative 4, and impacts would be less, compared to either scenario of No Action 26 
Alternative 1 because of the larger no-harvest riparian zones. 27 

 28 
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4.6 VEGETATION 1 
This subsection considers the effects of the alternatives on forest vegetation, including 2 
the potential indirect effects that may result from an increased occurrence of fire.  It also 3 
considers the potential effects to threatened and endangered plants and invasive weeds.  4 

In reading this analysis, it should be remembered from Chapter 2 (Alternatives) hat under 5 
No Action Alternative 1 no ITPs or ESA Section 4(d) take authorization would be issued.  6 
This lack of action would likely affect the Forest Practices Program in a way that is 7 
difficult to predict.  Therefore, two scenarios, which represent the endpoints of the 8 
reasonable range of possible outcomes for the Washington Forest Practices Rules, have 9 
been defined (subsection 2.3.1, No Action Alternative 1 (No Action)) to represent the 10 
No-Action Alternative.  The effects of No Action are displayed for both of these 11 
endpoints in the following subsections, but the actual outcome and the actual effects of 12 
No Action on forest vegetation, threatened and endangered plants, and invasive weeds are 13 
likely to fall between these two scenarios. 14 

4.6.1 Evaluation Criteria 15 
Evaluation criteria used in this analysis include the amount of: 16 

• Early-, mid-, and late-seral vegetation, both short term (next 10 years) and long term.  17 
This measure considers the differences in riparian buffer widths under each 18 
alternative. 19 

• Landowner support for, and participation in, forest management programs.  This 20 
measure considers the likelihood that investment in silvicultural treatments would be 21 
implemented to speed the development of complex forest structures under some 22 
alternatives. 23 

• Area with a high potential for fire.  This measure considers the amount of area with 24 
snags and standing trees surrounded by logging slash. 25 

• Area with potential for adverse effects to existing threatened and endangered plants.  26 
This measure considers the amount of disturbance from timber harvest, including 27 
thinning, roads, and yarding corridors, as well as likely disturbance from windthrow. 28 

• Area with increased exposure to invasive weeds.  This measure considers the amount 29 
of disturbance from roads, skid trails, and regeneration harvest. 30 

4.6.2 Forest Vegetation 31 
4.6.2.1 Overview of Effects 32 
Forest vegetation is shaped by both natural events and human activities, past, present, and 33 
future.  Currently, available riparian vegetation data indicate that early- and mid-seral 34 
stands dominate State, county, city, and private forestlands in Washington; that is, the 35 
lands covered by the Washington Forest Practices Rules (covered lands) (Knutson and 36 
Naef 1997; Washington Forest Practices Board 2001a; McHenry et al. 1998; and Lunetta 37 
et al. 1997).  The covered lands are expected to continue to support primarily early- and 38 
mid-seral vegetation for the foreseeable future, except within RMZs.  Riparian buffers 39 
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proposed under the alternatives would result in changes over time, depending on their 1 
width and prescriptions.  The buffers proposed for the westside of the Cascades differ 2 
from those proposed for the eastside under No Action Alternative 1, both scenarios, and 3 
Alternatives 2 and 3.  They would be the same for both sides of the Cascades under 4 
Alternative 4.  Figures 4.2-1 and 4.2-2 graphically presents a summary of the estimated 5 
RMZ acres by alternative for western (private, city, and county lands only) and eastern 6 
(private, city, county, and State lands) Washington, respectively, under each of the 7 
alternatives, and indicates the level of management or protection afforded different 8 
portions of these RMZs. 9 

The covered lands include approximately 72 percent of the Sitka Spruce vegetation zone, 10 
62 percent of the Western Hemlock zone, and 28 percent of the Grand fir/Douglas-fir and 11 
Ponderosa Pine zones (subsection 3.6.1, Forest Vegetation).  The alternatives would have 12 
a greater effect on the Sitka Spruce and Western Hemlock zones than on forests in other 13 
vegetation zones.  Only minor amounts of the other zones would be affected by the 14 
proposed alternatives.    15 

Under all alternatives, westside State trust lands (approximately 1,390,000 acres) would 16 
continue to be managed under the State Trust Lands HCP, approximately 31 percent of 17 
which would be within RMZs (Washington DNR 2004c).  These lands would not be 18 
affected by changes proposed in this analysis. 19 

4.6.2.2 Detailed Effects Analysis 20 
No Action Alternative 1-Scenario 2  21 
No Action Alternative 1-Scenario 2 assumes that the Washington Forest Practices Rules 22 
that were in effect on January 1, 1999 would be implemented.  Covered private, city, and 23 
county forestlands on the westside (approximately 6,289,000 acres) would be managed 24 
under the January 1, 1999 Washington Forest Practices Rules.  Approximately 7 percent 25 
of these lands would be within the no-harvest or light selective harvest riparian zones 26 
(Figure 4.2-1).  Another 1 percent would be in the moderate to heavy selective harvest 27 
zone (Figure 4.2-1).  These buffers would initially retain mostly early to mid-seral forest 28 
characteristics; however, over  and, in time, they would develop into late-seral forest 29 
characteristics.  In total, almost 9 percent of the covered lands on the westside would 30 
develop late-seral forest characteristics over the long term, compared to approximately 1 31 
percent now (Washington Forest Practices Board 2001a).  As the amount of acres in late-32 
seral conditions increases, there would naturally be a corresponding decrease in early and 33 
mid-seral forest.  (Note that State forestlands in western Washington are not included in 34 
these calculations because they are already subject to an HCP, see subsection 1.1.2, 35 
Washington State’s Habitat Conservation Plan, footnote 1.) 36 

Approximately 3 percent of the covered lands on the eastside (which included private, 37 
city, county, and State lands) would be within the no-harvest or light selective harvest 38 
riparian zones (Figure 4.2-2).  Almost 2 percent would be in the moderate to heavy 39 
selective harvest zone (Figure 4.2-2).  Initially, most of Tthese buffers would retain early 40 
to mid-seral forest characteristics and, in; however, over time, they would develop into 41 
late-seral forest characteristics.  In total, approximately 5 percent of the covered lands on 42 
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the eastside would develop into late-seral forest characteristics over the long term, 1 
compared to approximately 5 percent now (Washington Forest Practices Board 2001a).  2 
Also, 50 percent of the area outside of the RMZ is likely to be managed using a selection 3 
harvest prescription (Personal Communication, Charlene Rodgers, Washington DNR, 4 
April 6, 2004) and may retain enough trees to develop some of the characteristics 5 
associated with mid- or late-seral forest. 6 

Management under No Action Alternative 1-Scenario 2 may result in a reduction of 7 
landowner participation in non-regulatory programs and further reductions in silvicultural 8 
investments by private forest landowners and the State compared to the status quo (or No 9 
Action Alternative 1-Scenario 1).  There would be substantially less land in protective 10 
stream buffers than under No Action Alternative 1-Scenario 1.  Under this scenario, there 11 
would be little or no incentive to implement thinning and fertilization programs to speed 12 
the development of late-seral conditions in riparian areas.  No Action Alternative 1-13 
Scenario 2 would not likely increase the fire potential because the area with standing 14 
trees and snags adjacent to logging slash would not increase over current conditions.  15 

No Action Alternative 1-Scenario 1  16 
No Action Alternative 1-Scenario 1 assumes that current Washington Forest Practices 17 
Rules would continue to be implemented.  Covered private, city, and county forestlands 18 
on the westside (approximately 6,289,000 acres) would continue to be managed under the 19 
current Washington Forest Practices Rules.  Approximately 16 percent of these lands 20 
would be within the no-harvest or light selective harvest riparian zones (RMZ core zone 21 
or inner zone, respectively) (Figures 4.2-1).  Another 4 percent would be in the moderate 22 
to heavy selective harvest zone (RMZ outer zone) (Figure 4.2-1).  Most of Tthese buffers 23 
would retain early- to mid-seral forest characteristics and, in; however, over time, they 24 
would develop into late-seral standscharacteristics.  In total, approximately 20 percent of 25 
the covered lands on the westside would develop late-seral characteristics over the long 26 
term, compared to approximately 1 percent under current conditions (Washington Forest 27 
Practices Board 2001a).  As the amount of acres in late-seral conditions increases, there 28 
would naturally be a corresponding decrease in early- and mid-seral forest. 29 

About 3,365,000 acres of covered lands exist on the eastside of the Cascades (including 30 
private, city, county, and State forestlands).  Approximately 9 percent of these lands 31 
would be within the no-harvest or light selective harvest riparian zones (Figure 4.2-2).  32 
Another 1 percent would be in the moderate to heavy selective harvest zone (Figure 4.2-33 
2).  These buffers would retain early to mid-seral forest characteristics and, in; however, 34 
over time, they would develop into late-seral forestcharacteristics.  In total, 35 
approximately 9almost 11 percent of the covered lands on the eastside would develop 36 
late-seral characteristics over the long term, compared to approximately 5 percent at 37 
present (Washington Forest Practices Board 2001a).  There would be a small 38 
corresponding decrease in early- and mid-seral forest.  Also, 50 percent of the area 39 
outside of the RMZ would likely be managed using a selection harvest prescription 40 
(Personal Communication, Charlene Rodgers, Washington DNR , May 2004) and may 41 
retain enough trees to develop some of the characteristics associated with mid- or late-42 
seral forest. 43 
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In general, No Action Alternative 1-Scenario 1 would likely result in substantially 1 
reduced silvicultural investments by private forest landowners and the State.  Less 2 
thinning and fertilization would likely delay development of late-seral conditions in 3 
riparian areas.  This alternative may increase the short-term fire potential slightly by 4 
increasing the area with standing trees and snags adjacent to logging slash.  Also, No 5 
Action Alternative 1-Scenario 1 would “feather” the edges of riparian buffers by allowing 6 
moderate to heavy selective harvest in the outer zone of the buffer, light selective harvest 7 
in the inner zone, and no harvest in the core zone (Note: there is no outer, inner, or core 8 
zone equivalent under No Action Alternative 1-Scenario 2). 9 

Alternative 2  10 
Under Alternative 2, riparian buffer areas on covered lands would be similar to those 11 
described under No Action Alternative 1-Scenario 1 but substantially more protective 12 
than under No Action Alternative 1-Scenario 2.  In addition, implementation and 13 
participation in non-regulatory programs by all parties is expected to continue at a high 14 
rate, leading to increased investment in silvicultural activities, such as thinning, designed 15 
to speed development of  late-seral conditions in riparian areas and on some upland lands 16 
owned by the State.  Alternative 2 may result in a short-term increase in fires as  17 
compared to No Action Alternative 1-Scenario 1 because of the expected increase in 18 
thinning, which would increase the area with standing trees and snags intermixed with 19 
slash (from thinning).  However, over the longer-term, thinning, particularly in eastern 20 
Washington, would reduce dangerous fuel loads in riparian buffers that would 21 
accumulate over time.  Additionally, as under No Action Alternative 1-Scenario 1, 22 
Alternative 2 would “feather” the edges of buffer areas by allowing moderate to heavy 23 
selective harvest in the outer zone of the buffer, light selective harvest in the inner zone, 24 
and no harvest in the core zone.  25 

Alternative 3 26 
Under Alternative 3, riparian buffer areas on covered lands would be similar to those 27 
described under No Action Alternative 1-Scenario 1 but substantially more protective 28 
than under No Action Alternative 1-Scenario 2.  In addition, implementation and 29 
participation in non-regulatory programs by all parties is expected to continue at a 30 
moderate rate but higher than under No Action Alternative 1-Scenario 1. Investment in 31 
silvicultural activities designed to speed development of late-seral conditions in riparian 32 
areas and on some uplands owned by the State is, therefore, expected to be more than 33 
under No Action Alternative 1-Scenario 1 (but less than under Alternative 2).  As under 34 
No Action Alternative 1-Scenario 1, Alternative 3 would “feather” the edges of buffer 35 
areas by allowing moderate to heavy selective harvest in the outer zone of the buffer, 36 
light selective harvest in the inner zone, and no harvest in the core zone.  37 

Alternative 4 38 
Alternative 4 assumes that current Washington Forest Practices Rules would be repealed 39 
and that new, more protective, Washington Forest Practices Rules would be developed 40 
and implemented.  Covered private, city, and county lands on the westside 41 
(approximately 6,289,300 acres) would be managed under more restrictive Washington 42 
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Forest Practices Rules.  Nearly 41 percent of these lands would be within the no-harvest 1 
riparian zones (Figure 4.2-1).  These buffers would initially retain early to mid-seral 2 
forest characteristics and, in; however, over time, they would develop into late-seral 3 
forestcharacteristics.  Therefore, approximately 41 percent of the covered private, city, 4 
and county lands on the westside would develop late-seral characteristics over the long 5 
term, compared to less than 1 percent now (Washington Forest Practices Board 2001a).  6 
As the amount of acres in late-seral conditions increases, there would naturally be a 7 
corresponding decrease in early and mid-seral forest. 8 

Over 25 percent of the covered lands on the eastside lands would be within the no-harvest 9 
riparian buffers (Figure 4.2-2). These buffers would retain early to mid-seral forest 10 
characteristics and, in; however, over time, they would develop into late-seral forest 11 
characteristics, compared to approximately 5 percent at present (Washington Forest 12 
Practices Board 2001a).  This would result in a large decrease in early- and mid-seral 13 
forest over that period.  Another 50 percent are likely to be managed using a selection 14 
harvest prescription and may retain enough trees to develop some of the characteristics 15 
associated with mid- or late-seral forest. 16 

While management under this alternative would result in much larger no-harvest RMZs 17 
compared to the No Action Alternative 1 scenarios, a reduction in landowner 18 
participation in non-regulatory programs would also likely result.  Silvicultural 19 
investments by private forest landowners and the State (thinning and fertilization) are 20 
likely to be substantially reduced below current conditions and any of the other 21 
alternatives.  Substantially more forestland would likely be converted to other uses, such 22 
as housing, because of the more restrictive regulations governing forest management 23 
compared to either scenario of No Action Alternative 1.  24 

Alternative 4 would be expected to result in an increase in fires, especially in eastern 25 
Washington, as compared to the No Action Alternative 1 scenarios because of wider no-26 
harvest RMZs that would contain more trees and snags than the other alternatives.  Also, 27 
all existing down woody debris would be retained.  The increased amount of standing and 28 
down wood and the “ladder effect” that would result from the mixture of understory trees 29 
and other plants, mid canopy trees, and upper canopy trees would result in an increase in 30 
fires. Any fires that do start would likely burn hotter and for a longer time under 31 
Alternative 4 than under either scenario of No Action Alternative 1.  Therefore, the 32 
potential for intense, stand-replacement fires would be highest compared to other 33 
alternatives because of the lack of thinning or understory burning within the riparian 34 
zone.   35 

4.6.3 Threatened and Endangered Plants 36 
4.6.3.1 Overview of Effects 37 
The species list on Table 3-16 shows that the federally listed and candidate species on 38 
covered lands have varying habitat needs, such as wetlands, stream edges, open meadows 39 
and forested areas.  Several species (Arenaria paludicola, Hackelia venusta, Castilleja 40 
leviseta, Lupinus sulphureus spp. Kindaidii) prefer habitats such as open grassland, rock 41 
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crevices, prairies, or bogs that are unlikely to be directly affected by tree harvest.  1 
However, they may occur adjacent to harvest areas and could be affected by related 2 
activities.  Other species can occur in forest openings, edges, or along streams with 3 
relatively open canopies and could be affected by harvest or related activities.  Direct 4 
effects to federally listed or candidate plants include physical damage or destruction of 5 
the plant due to harvest, including thinning, or related activities such as road construction 6 
or use of yarding corridors.  Indirect effects include changes in the micro-environment, 7 
such as changes in canopy (i.e., available sunlight), changes in hydrology, and increases 8 
in competition from invasive weeds or other plants.  The range of effects is varied 9 
because the species have different habitat requirements and life histories.  Therefore, each 10 
species would potentially have a different sensitivity to particular disturbances.   11 

The alternatives considered in this analysis do not propose to change any policies or 12 
procedures for managing threatened, endangered, and candidate plants.  Under all 13 
alternatives, Washington DNR is required to consult with WDFW regarding State-14 
designated threatened and endangered species and their habitats before approving forest 15 
practices applications.  The difference in potential effects of the alternatives is a function 16 
of the type and amount of harvest in habitats that may contain federally listed or 17 
candidate plant species.  Although the majority of species listed in Table 3-16 prefer open 18 
habitat, for purposes of this FEIS, it is assumed that more harvest and harvest related 19 
disturbance has a greater probability of physically disturbing existing plant populations or 20 
their habitat.  For this analysis, it is assumed light management practices combined with 21 
large RMZs and significant wetland protection decreases the potential for adversely 22 
affecting currently existing federally listed and candidate plants.   23 

4.6.3.2 Detailed Effects Analysis 24 
No Action Alternative 1-Scenario 2 25 
No Action Alternative 1-Scenario 2 has the greatest potential for effects on federally 26 
listed and candidate plants currently existing on the landscape because the amount of 27 
disturbed habitat would be highest under this alternative.  Additionally, RMZs would be 28 
relatively narrow and allow broader management practices compared to the other 29 
alternatives, increasing the potential of additional direct and indirect affects from 30 
windthrow. 31 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3    32 
No Action Alternative 1-Scenario 1, and Alternatives 2 and 3 all would protect a similar 33 
amount of riparian and wetland area.  However, Alternative 2 is likely to include greater 34 
amounts of thinning in the RMZ to speed the development of complex forest structure, 35 
depending on the results of research conducted under the Alternative 2 adaptive 36 
management program.  This may result in greater direct and indirect effects on listed and 37 
candidate plants currently existing on the landscape than under No Action Alternative 1-38 
Scenario 1 but less effect compared to No Action Alternative 1-Scenario 2. 39 
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Alternative 4 1 
Alternative 4 would provide the most protection among all alternatives for listed and 2 
candidate plants currently existing on the landscape, because of the wide no-harvest 3 
buffers for RMZs (Figure 4.2-1), limited cutting of forested wetlands (70 percent canopy 4 
to remain), and buffers for all non-forested wetlands.  However, there may be changes to 5 
available light, damage due to windthrow or fire, or increased competition due to noxious 6 
weed introduction. Protection of listed and candidate plants would be greater under this 7 
alternative than under No Action Alternative 1-Scenario 1 and much greater than under 8 
No Action Alternative 1-Scenario 2 because of the substantially more protective riparian 9 
buffers expected under this alternative.   10 

4.6.4 Invasive Plants 11 
4.6.4.1 Overview of Effects 12 
Many invasive plants thrive in disturbed areas.  Once they become established, they often 13 
out-compete native species because they often benefit from changes in microclimate, 14 
such as increased sunlight, changes in hydrology, and creation of bare mineral soil.  It is 15 
assumed for this analysis that greater disturbance would result in increased opportunities 16 
for invasive plant species to become established.  17 

State requirements under the Weed Law (RCW Chapter 17.10) would apply to all 18 
alternatives.  Management programs to prevent new infestations and to contain existing 19 
ones would continue under all alternatives.   20 

No Action Alternative 1-Scenario 2 is likely to provide the best conditions for invasive 21 
plants to colonize because there would be relatively little undisturbed habitat under this 22 
alternative. 23 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 would all protect a 24 
similar amount of riparian area, although much of the protected area would be available 25 
for partial harvest.  In particular, Alternative 2 is likely to include greater amounts of 26 
thinning designed to speed the development of complex forest structure than No Action 27 
Alternative 1-Scenario 1.  However, thinning and partial harvest may allow invasive 28 
plants to become established, increasing competition with desirable understory plant 29 
communities.   30 

Alternative 4 would provide the largest amount of undisturbed area among all 31 
alternatives, especially when compared to No Action Alternative 1-Scenario 2 but also 32 
No Action Alternative 1-Scenario 1 because of the wide, no-harvest buffers (Figures 4.2-33 
1 and 4.2-2); although there may be some disturbance from windthrow and fire.  34 
Alternative 4 may also result in less road construction because of the requirement of “no 35 
net increase” in roads within a watershed; this factor may also reduce the spread of 36 
invasive plants, allowing more desirable understory plant communities to have less 37 
competition from invasive species over large portions of the landscape.  Approximately 38 
41 percent of the westside covered lands and 25 percent of the eastside covered lands 39 
would be protected in no-harvest RMZs (Figures 4.2-1 and 4.2-2). 40 
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4.7 RIPARIAN AND WETLAND PROCESSES 1 

4.7.1 Riparian Processes 2 
The establishment of RMZs is generally accepted as the most effective way of protecting 3 
aquatic and riparian habitats (Cummins et al. 1994 as quoted in Spence et al. 1996; 4 
Spence et al. 1996; FEMAT 1993).  Evaluation of the anticipated effects of the proposed 5 
alternatives on riparian habitats is based primarily on the current or proposed widths and 6 
management prescriptions within RMZs and the associated acreages.  7 

4.7.1.1 Evaluation Criteria for Riparian Processes 8 
Criteria used to determine the effectiveness of the proposed RMZ management allowed 9 
under each alternative are based on the riparian functions that were described in 10 
subsection 3.7.1 (Riparian Functions).  The effectiveness of each alternative can best be 11 
evaluated within the context of specific protection goals.  Most functions are evaluated in 12 
terms of protection goals for fish and water quality.  However, for microclimate, which is 13 
more likely to affect semi-aquatic species such as amphibians, a variety of components 14 
was considered including humidity, soil moisture and temperature, and air temperature.  15 
As a result, riparian functions are evaluated in terms of the estimated level of protection 16 
necessary to provide full protection (i.e., near 100 percent effectiveness), and is intended 17 
to serve only as a comparative method to evaluate each alternative.  18 

The evaluation criteria are mostly defined in terms of curves, which represent the 19 
relationship between the cumulative effectiveness of the riparian function and the 20 
distance from the streambank.  Therefore, these curves show the estimated degree of 21 
protection of riparian function provided by different RMZ widths.  The curves are based 22 
on a wide variety of literature, and are generally conservative, (i.e., they reflect the widest 23 
RMZs needed to provide complete protection, as identified in the literature), although the 24 
discussions also consider lesser widths and other circumstances as appropriate.  The 25 
relationships between distance from stream and the percent of function maintained are 26 
not all linear, and some are more theoretical than empirical.  In all cases, the area closest 27 
to the stream is more important for providing function than the areas further away 28 
(FEMAT 1993).  29 

Depending on the function, RMZ requirements may be defined as fixed RMZ widths or 30 
based on site potential tree height.  A site potential tree height is sometimes defined as 31 
the average maximum height of the tallest dominant trees that can grow on a certain site 32 
(FEMAT 1993).  However, to maintain consistency with Washington Forest Practices 33 
Rules, site potential tree height in this FEIS is defined as the average height of a stand at 34 
a given age (more commonly referred to as site index).  Site potential tree height in 35 
Washington varies with site-class, species, and region (Table 4.7-1).  Less productive 36 
forestlands (Site Classes IV and V) will have a shorter site potential tree height, and more 37 
productive forestlands (Site Classes I and II) will have a taller site potential tree height.  38 
Additionally, westside trees tend to grow taller than eastside trees for the same site class, 39 
due to climatic conditions and other factors on the westside (USDA Forest Service 1984). 40 
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Table 4.7-1. Site Potential Tree Height (SPTH) for Douglas-fir at 100 years 1 

and 250 years for Western and Eastern Washington.  2 
SPTH100 (feet) SPTH250 (feet) 

Site Class Westside Eastside Westside Eastside 
I 200 130 247 195 
II 170 110 210 170 
III 140 90 174 135 
IV 110 70 136 105 
V 90 60 100 85 

Sources:  McArdle 1949, USDA Forest Service 1984. 3 

Two stand ages, 100 years and 250 years, were used to evaluate the level of protection for 4 
riparian functions.  Forests and Fish Agreement stakeholders agreed to a site potential 5 
tree height projected at a stand age of 100 years to represent the site potential tree height 6 
for a mature riparian stand.  However, old-growth stand characteristics may be a more 7 
appropriate baseline from which to define adequate riparian effectiveness.  Consequently, 8 
riparian function effectiveness was analyzed for both 100-year and 250-year stands.  The 9 
choice of a 250-year stand was based upon the age at which stands begin to display old-10 
growth characteristics (Franklin and Spies 1991) and the return intervals for fire and 11 
blowdown for westside forests (Agee 1993).  Site potential tree heights were based upon 12 
an average of Site Class II and III areas; these site classes represent the most frequent site 13 
classes on covered lands managed for timber production.  The site potential tree height 14 
for Douglas-fir stands was chosen for both the westside (McArdle 1949) and eastside 15 
(extrapolated from Table I-12 in USDA Forest Service 1984).  Notably, the site potential 16 
tree height for ponderosa pine (Meyer 1961) at 250 years is approximately the same as 17 
for Douglas-fir on the eastside.  Neither of these stand-age criteria has been 18 
experimentally tested for providing an adequate level of riparian function that is 19 
sufficient for maintaining robust populations of salmonids. 20 

It is assumed that RMZ widths based on 100- and 250-year site potential tree heights 21 
represent the range of site potential tree heights over which most riparian functions are 22 
likely to be fully expressed.  For example, for an eastside Site Class II riparian area, 23 
adequate protection would be provided with a RMZ somewhere between 110 and 170 24 
feet.  This range represents the uncertainty surrounding the tree height that provides 25 
complete protection.  If a 250-year site potential tree height is chosen as the standard 26 
against which to compare RMZ widths, but complete protection is actually provided by a 27 
100-year site potential tree height, then 60 feet of the 170-foot RMZ width would 28 
represent over-protection.  Conversely, if a 100-year site potential tree height is chosen 29 
for measuring RMZ widths, but a 250-year site potential tree height is the true site 30 
potential tree height that provides full protection, then the 110-foot RMZ would represent 31 
under-protection by 60 feet.  It is possible that an intermediate site potential tree height is 32 
more appropriate or that streams with different morphological and riparian characteristics 33 
have different site potential tree height levels that provide full protection for that stream 34 
type. 35 
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LWD Recruitment 1 
This evaluation is based on the level of protection provided for LWD recruitment 2 
potential from the riparian area using the RMZ width and silvicultural prescription.  3 
Based on a review of the literature (e.g., McDade et al. 1990; FEMAT 1993; Spence et al. 4 
1996), it was concluded that an RMZ width of about one site potential tree height is 5 
needed to provide full protection of LWD recruitment by toppling, windthrow, or stream 6 
undercutting.  An exception to this may occur in second-growth stands where hardwoods 7 
have excluded regeneration of conifers or overstocking of stands has lead to the depletion 8 
of large size classes of recruitable LWD (Spence et al. 1996).  As a result, consideration 9 
was also given to stand manipulation to increase tree size over time.  Therefore, growth 10 
rate modeling of tree diameter and age to reach functional and key piece recruitment size, 11 
based on different silvicultural prescriptions and different stream sizes, was also used 12 
when evaluating alternatives.  The relationship between the estimated level of LWD 13 
recruitment potential and RMZ width used in the alternative evaluation is shown in 14 
Figure 4.7-1.  The modeling assumes the effects of LWD recruitment when trees reach 15 
the designated age (i.e., 100 or 250 years).  Actual recruitment of LWD, to the modeled 16 
level in most areas, will take decades or longer as most riparian areas have been 17 
harvested in the past and likely are only 50 years or less in age.  To quantify this 18 
relationship over all streams under different alternatives, an equivalent buffer area index 19 
was calculated for each alternative using both 100-year and 250-year site potential tree 20 
height as baselines for full protection of LWD recruitment potential (DEIS Appendix B).  21 
The equivalent buffer area index provides a weighted measure of the degree of protection  22 

Figure 4.7-1. Relationship between the Estimated Level of LWD Recruitment 23 
Potential and RMZ Width Used in the Alternative Evaluation. 24 

 
Sources: McDade et al. 1990; FEMAT 1993.
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provided by all streams giving consideration to stream size, RMZ widths, RMZ 1 
prescriptions, source distance, and the relative length of each stream type over the 2 
landscape. 3 

The actual LWD model assumes that all major wood sources arrive at the stream 4 
primarily in a chronic manner through mortality of trees adjacent to the stream and does 5 
not attempt to determine wood from other sources (McDade et al. 1990).  However, the 6 
actual sources of wood can vary quite widely in streams depending on natural tree 7 
mortality rate, topography, climate, substrate, natural disasters (fires, wind storms, large 8 
floods) (Benda et al 2003; Martin and Benda 2001; Reeves et al. 2003).  Drainages with 9 
high mass wasting potential could have a substantial portion of the LWD originate 10 
outside of the riparian area (Reeves et al. 2003; Benda et al. 2003).  The opposite is true 11 
for streams with eroding banks where active channel movement undercut trees along the 12 
stream edge.  In the first case (i.e., mass wasting-dominated recruitment) the model 13 
would overestimate the contribution of wood from the protected RMZ in which case the 14 
model would overestimate the protection provided by an RMZ.  While in the second case 15 
(bank erosion-dominated recruitment) the model would underestimate the contribution 16 
from the RMZ nearest the stream, and the model would underestimate the LWD 17 
contribution from the RMZ.  It is likely that some of both situations will occur in 18 
different regions of the analysis area, so that the model both over and under estimates the 19 
RMZ protection provided.  But the McDade et al. 1990 information is considered a useful 20 
tool for evaluating the effect of buffer width on LWD recruitment (Spence et al. 1996) 21 
and has been used by others (Welty et al. 2002) as a good representation of LWD sources 22 
for Pacific Northwest streams. 23 

While McDade et al. (1990) served as the quantitative basis for establishing the 24 
equivalent buffer area index for LWD recruitment originating from RMZs, the analysis 25 
also considered supplemental LWD recruitment that would occur as a result of unstable 26 
slope protection under each alternative. Many unstable slopes and landforms (e.g., 27 
channel heads, bedrock hollows, inner gorges) are located in close proximity to stream 28 
channels and as such, serve as potential source areas for wood recruitment.  Protection of 29 
these areas through tree retention increases potential LWD recruitment where unstable 30 
slopes and landforms extend beyond required RMZs. While not quantified in this 31 
analysis, unstable slopes protection under each alternative was considered when 32 
evaluating the effects on LWD recruitment. 33 

Leaf and Needle Litter Production 34 
This evaluation is based on width of the respective RMZs and activities allowed within 35 
the RMZ that may affect leaf and needle litter inputs (i.e., “detrital input”).  Leaves and 36 
needles, as well as other biological inputs (e.g., terrestrial insects), enter the stream from 37 
riparian vegetation and supply nutrients and food to stream systems.  Due to historical 38 
harvest practices, leaf and needle litter supply has been substantially reduced. Leaf and 39 
needle inputs can be a major contributor to fish food production in streams (Wipfli 1997; 40 
Piccolo and Wipfli 2002; Bilby and Bisson 1992; Bisson and Bilby 1998).  Little direct 41 
information is available that describes leaf and litter source distances from streams.  42 
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Spence et al. (1996) stated buffers designed to supply LWD recruitment would provide 1 
100 percent of allochthonous detritus (See Glossary) (i.e., FEMAT (1993)) hypothesized 2 
that a distance of approximately 0.5 site potential tree height would provide most leaf and 3 
litter inputs.  The estimated relationship used in this analysis is shown in Figure 4.7-2.  4 
FEMAT (1993) based this hypothesis on a study (Erman et al. 1977) of benthic 5 
invertebrate diversity in buffered and unbuffered streams in northern California.  Others 6 
have found litter input to streams decreases exponentially with distance (Conners and 7 
Naiman 1984) so the curve (Figure 4.7-2) may be conservative relative to contribution by 8 
distance.   9 

The amount of detrital input may remain high, and benthic invertebrate production 10 
diverse even in recently harvested riparian areas depending on the type of vegetation that 11 
regrows in the short term.  But as the riparian area ages, following riparian zone tree 12 
harvest, it passes through stages where terrestrial input (e.g., leaf litter, needles) decreases 13 
substantially from old growth levels (Piccolo and Wipfli 2002).  Although uncertainty 14 
exists about the validity of the leaf and litter distance hypothesis developed by FEMAT 15 
(1993) for use in the Pacific Northwest, it was used in this analysis because no other 16 
criteria are available.  17 

Figure 4.7-2. Relationship between the Estimated Level of Leaf and Needle 18 
Litter Recruitment and RMZ Width Used in the Alternative 19 
Evaluation. 20 

 
Source: FEMAT 1993. 
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Stream Shade 1 
Given that there is site-specific variation that determines shade, it was concluded that 2 
RMZ widths of approximately 0.75 site potential tree height for both east and westsides 3 
are needed to provide full protection of stream shading capacity along most perennial 4 
streams.  The criterion used here is not intended to correspond specifically to State water 5 
quality temperature standards, which do not necessarily require full shade retention, but 6 
instead, the criterion is used as a method of comparing the degree to which each 7 
alternative meets full shading capacity.  The criterion is based upon the shade curve in 8 
FEMAT (1993).  The estimated relationship used in our analysis for most perennial 9 
streams is shown in Figure 4.7-3.  However, for small streams (less than 5 feet wide) that 10 
are often completely shaded by understory vegetation and therefore lack riparian canopy 11 
openings in their undisturbed state, an RMZ width of less than 0.75 site potential tree 12 
height was determined sufficient to provide enough shade to maintain stream 13 
temperatures.  Broderson (1973) reported that for small streams (less than 5 cubic 14 
feet/second mean flow) a 50-foot buffer supplied 85 percent of maximum shade.  As a 15 
result, a 50-foot buffer was used as the evaluation criterion for shade along small 16 
perennial streams.  For seasonal streams that do not flow during the summer, stream 17 
shade should have minimal to no effect on temperature and therefore, were not 18 
considered when evaluating shade requirements. 19 

According to this FEIS analysis, the protection of unstable slopes under each alternative 20 
supplements shade provided by RMZs.  This is particularly true where unstable slopes 21 
and landforms such as channel heads, bedrock hollows, and inner gorges are located 22 
immediately adjacent to stream channels.  While not quantified, the degree to which each 23 
alternative supplements shade levels via unstable slopes protection was also considered in 24 
the effects analysis.  25 

Microclimate 26 
While there are differing recommendations on RMZ widths for maintaining microclimate 27 
gradients, the results of Brosofske et al. (1997); Dong et al. (1998); and FEMAT (1993) 28 
provide basic guidelines to evaluate the alternatives.  Brosofske et al. (1997) noted that a 29 
buffer of at least 147 feet was needed to maintain natural microclimate conditions along 30 
small forest streams that they studied, but for some microclimate variables, buffer widths 31 
may need to be much greater.  Because the conclusions of these studies were generally 32 
site specific, their applicability as evaluation criteria is uncertain.  Dong et al. (1998) 33 
found that buffer widths ranging from 52 to 236 feet had similar effects on air 34 
temperature near the stream, with little correlation of temperature to buffer width.  But 35 
this study also found that air temperature near all streams increased following harvest to 36 
the buffer edge, including those with buffers greater than 235 feet.  While the results of 37 
these and other studies used by FEMAT (1993) do not show a clear correlation between 38 
buffer width and microclimate, they are useful in helping to narrow the range of possible 39 
buffer effects.  Based on curves shown in Figure 4.7-4 and information provided in the 40 
above studies, a minimum of 147 feet is considered necessary to maintain most 41 
microclimatic gradients while for air temperature, buffer widths greater than 230 feet are 42 
thought to be required. 43 
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Figure 4.7-3. Relationship between the Estimated Level of Shade Protection 1 

and RMZ Width Used in the Alternative Evaluation. 2 

Figure 4.7-4. Relationship between the Estimated Level of Protection for 3 
Microclimate and RMZ Width Used in the Alternative Evaluation. 4 

 
Sources:  FEMAT 1993; Pollock and Kennard 1999. 
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Bank Stability  1 
Bank stability is of direct and indirect importance to aquatic resources because it affects 2 
such factors as sediment inputs to streams and streambank habitat.  Based on information 3 
presented in Spence et al. (1996), a buffer width of 0.3 site potential tree height is 4 
adequate to maintain bank stability of most streams (Figure 4.4-3).  The details of the 5 
criteria used for assessing bank stability are discussed in detail in subsection 4.4.2.1 6 
(Mass Wasting Evaluation Criteria). 7 

4.7.1.1.1 Sediment Filtration  8 
The amount of sediment reaching streams from timber harvest activity, independent of 9 
that entering directly from tributary streams but related to timber harvest activities, is 10 
dependent on many factors.  These factors are often influenced by buffer width and type 11 
of ground disturbing activities.  The details of the criteria used to evaluate the level of 12 
sediment filtration, or capacity for buffers to intercept sediment, are presented in 13 
subsection 4.4.1.1 (Surface Erosion Evaluation Criteria).  The evaluation is based on the 14 
development of a simple sediment equivalent buffer area index that relates the relative 15 
filtration capacity to the buffer width and type of ground disturbance occurring.  This 16 
equivalent buffer area index is explained in DEIS Appendix B. 17 

The analysis also considers floodplain and riparian roughness in the form of trees, 18 
understory vegetation and downed wood, which helps to dissipate energy and capture 19 
sediment delivered to the riparian area during overbank flows (Fetherson et al. 1995).  20 
The sediment equivalent buffer area index is used to evaluate this function as well, 21 
although its primary purpose is to measure sediment filtration function.  22 

4.7.1.2 Evaluation of Effects of Alternatives on Riparian Processes 23 
As noted in subsection 4.1.2 (Review of the Alternatives), because of the similarities of 24 
expected actions among some alternatives, especially relative to riparian RMZs, the 25 
effects discussion for the alternatives is primarily divided into three groups:  1) No 26 
Action Alternative 1-Senario 2; 2) No Action Alternative 1-Scenario 1, Alternative 2, and 27 
Alternative 3; and 3) Alternative 4.   28 

Because each alternative has a different stream classification scheme and different buffer 29 
requirements, it is difficult to quantitatively compare the effectiveness of the different 30 
alternatives in protecting riparian functions.  Nevertheless, a quantitative sense of the 31 
level of protection afforded to specific processes can be gained by considering riparian 32 
RMZ width together with allowable level of activity within that RMZ.  Therefore, for 33 
each function analyzed, an evaluation is made of both the RMZ widths and the allowable 34 
prescriptions that occur within the RMZ.  Figure 4.7-5 compares the RMZ widths and the 35 
allowable prescriptions for each stream type under each alternative in western 36 
Washington, and Figure 4.7-6 provides the same comparison for the eastside. 37 
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Figure 4.7-5. Western Washington RMZ Characteristics by Alternative (using Site Class II, Site Potential Tree Height = 
170 feet, as an example1/) (Note:  Does not include Channel Migration Zone or Beaver Habitat Zone). 

1/ Under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, total width of the RMZ varies by site class, ranging from 90 feet (Site Class V) to 200 feet (Site Class I). 
2/ For Type S and F streams, Option 1 calls for thinning from below in the inner zone, and 20 riparian leave trees per acre in the outer zone. 
3/ For Type S and F streams, Options 2 calls for leaving enough riparian leave trees in the inner zone to meet the stand requirements (a basal area of 275 ft2/acre at stand age 140 years, in 

this example of a Site Class II stand), plus an additional 20 riparian leave trees per acre in the outer zone.  If no-harvest restrictions in the core zone result in conditions that will exceed 
the stand requirements, fewer trees may be left in the outer zone. 

4/ For most Type Np streams, a no-harvest buffer is established along the first 300 to 500 feet upstream of the confluence of an Np stream with a Type S or F stream and adjacent to 
specified areas so that no less than 50 percent of the length of the stream is buffered. 

≤ = less than or equal to
< = less than 
> = greater than 
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Figure 4.7-6. Eastern Washington RMZ Characteristics by Alternative (using Site Class II, Site Potential Tree Height = 

110 feet, as an example1/) (Note:  Does not include Channel Mitigation Zone or Beaver Habitat Zone). 

 1/ Under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, total width of the RMZ varies by site class, ranging from 75 feet (Site Class V) to 130 feet (Site Class I).  
Note that the minimum RMZ width for streams greater than 15 feet wide is 100 feet. 

2/ For Type S and F streams, the inner zone prescription requires leaving at least 50 trees per acre after harvest, of which 21 are the largest trees and 29 are at least 10 inches diameter 
breast height (dbh).  If the resulting basal area is less than 90 feet2/acre, then enough additional 10-inch-or-greater trees must be left to meet this target. 

3/ For Type S and F streams, the outer zone prescription requires leaving 50 trees per acres, of which 15 are at least 20 inches dbh. 
4/ Clearcut strategy may be implemented in no more than 30 percent of the stream reach in a harvest unit, and only if an equal area is designated as a no-harvest zone. 
5/ For most Type Np streams in partial cut areas, the 10 largest trees per acre, plus as many additional trees greater than 6 inches dbh as will result in a basal area of at least 90 ft2/acre, 

must be left. 

≤ = less than or equal to
< = less than 
> = greater than 
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Another important aspect considered when evaluating the alternatives was susceptibility 1 
to windthrow or blowdown.  If an RMZ experiences substantial windthrow, it may not be 2 
capable of maintaining desired functions.  However, windthrow does improve LWD 3 
recruitment during the short-term, and many channels (especially on the westside) are 4 
currently in need of wood as a result of past riparian harvest and wood removal.  The 5 
RMZs under all alternatives are likely to experience some degree of windthrow in 6 
localized areas.  Windthrow is a normal occurrence in forests, but is known to increase 7 
along harvest unit edges after timber harvest opens formerly interior forest trees to more 8 
direct wind effects (Harris 1989).   9 

RMZs along streams are subject to similar increases in windthrow.  Several studies have 10 
attempted to define the relationship between riparian windthrow and various physical and 11 
biological features such as topography, valley morphology, aspect, slope, soil wetness, 12 
and tree type (Steinblums 1978; Steinblums et al. 1984; Harris 1989).  Though these site-13 
specific factors may increase the vulnerability of an RMZ to wind events, no single factor 14 
has emerged as being of particular importance on a landscape scale.  However, since 15 
blowdown is generally greater at the windward edge of a buffer, alternatives with wider 16 
RMZs would provide more protection for riparian function.   17 

Pollock and Kennard (1998) reanalyzed several windthrow data sets looking at the 18 
relationship between buffer width and the likelihood of windthrow.  They reached the 19 
conclusion that buffers of less than 75 feet have a higher probability of suffering 20 
appreciable mortality from windthrow than forests with wider buffers.  21 

Data for blowdown within buffers from seven studies reported in Grizzel and Wolff 22 
(1998) had a mean windthrow level of about 15 percent for 344 sites in western 23 
Washington and Oregon with maximum windthrow levels ranging from 17 to 100 24 
percent.  Median windthrow levels were usually somewhat lower than the mean because 25 
the data are not normally distributed with relatively few sites having extensive 26 
blowdown.  For example, the mean windthrow level for sites reported by Andrus and 27 
Froelich (1986) was 21.5 percent while the median value was 15.5 percent (i.e., half of 28 
the sites had less than 15.5 percent windthrow).  Windthrow levels in Southeast Alaska 29 
were found to average about 9 percent in 66-foot no-harvest RMZs over a 4 to 6 year 30 
period following harvest, and most windthrow levels were less than 15 percent (Martin et 31 
al. 1998).  Martin et al. (1998) also suggested that increased windthrow from buffers 32 
adjacent to geomorphic stream types with limited natural recruitment (via bank erosion) 33 
could be beneficial for fish habitat.  Susceptibility to blowdown is addressed as 34 
appropriate in the effects analysis using a 75-feet buffer width as a general guideline. 35 

Evaluation of the effects of the proposed alternatives on riparian habitats is also based on 36 
a comparison of the estimated changes in total riparian area protected in some way.  The 37 
estimated amount of RMZ area, presented in terms of the total acreage protected in 38 
different protection levels, is compared by alternative in Figure 4.2-1 for both western 39 
and eastern Washington (See DEIS Appendix B for a description of the methods and 40 
assumptions used to derive these estimates).  This analysis differs by making more 41 
simplified assumptions about tree density and removal quantity from that presented in 42 
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Appendix D of the Forest Practices Alternatives SEPA EIS (Washington Forest Practices 1 
Board 2001a), but draws similar conclusions about levels of protection.  2 

Changes in riparian management and its effects on riparian habitat are addressed for the 3 
short term (10 years) and long term (50+ years).  For each riparian function, the 4 
timeframe to transition from a non-functional riparian system to one that could provide 5 
most riparian functions is considered (Table 4.7-2).  As discussed in subsection 3.7.1, 6 
(Riparian Processes), most of the riparian landscape occurring in forested areas appears 7 
to not be currently fully functioning.  8 

Where some level of disturbance has occurred in riparian areas, an extended period 9 
would be needed to attain DFCs that approach full function (Table 4.7-2).  Although a 10 
large proportion of State and private lands subject to Washington Forest Practices Rules 11 
is currently in early-seral stages, riparian habitat should improve over time (10 to 100+ 12 
years) to increase the amount of healthy riparian areas (Table 4.7-2).  13 

LWD Recruitment 14 
The effects of the alternatives on LWD recruitment are analyzed in this subsection.  In 15 
reading this analysis, it should be remembered from Chapter 2 (Alternatives) that under 16 
the No Action Alternative no ITPs or ESA Section 4(d) take authorization would be 17 
issued.  However, this lack of action would likely affect the Forest Practices Regularoty 18 
Program in a way that is difficult to predict.  Therefore, two scenarios, which represent 19 
the endpoints of the reasonable range of possible outcomes for the Forest Practices 20 
Regulatory Program, have been defined (subsection 2.3.1, No Action Alternative 1 [No  21 

Table 4.7-2. Percentage of Total Stream Miles Found in the Sample Sections1/ 22 
by Seral Stage, and Estimated Time Scales for Recovery2/ of 23 
Each Riparian Parameter.3/ 24 

Recovery Periods (in years) 

Seral Stage4/ 

Percent 
Seral 

Stage on 
the 

Westside 

Percent 
Seral 

Stage on 
the 

Eastside Shade 
LWD 

Recruitment 

Leaf  and 
Needle 
Lifter Microclimate 

Early-seral 78 61 5 to 40+ 
Years 

100+ Years 30 to 80 
Years 

10 to 40+ 
Years 

Mid-seral 21 34 20 to Full 
Functioning5/ 

50 to 100+ 
Years 

30 to 60 
Years 

20 to Full 
Functioning7/ 

Late-seral 1 5 Full 
Functioning 

Full Functioning 
to 100+ Years6/ 

30 to Full 
Functioning 

Full 
Functioning 

1/ Subsection 3.7.1.7, Current Condition of Riparian Areas, for a description of study.  
2/ Estimated time scales for recovery are based largely on Gregory and Bisson in Stouder et al. 1997. 
3/ Hardwoods were excluded because it is unknown if they would convert to coniferous forest in the future.  

Site-specific investigation would be required to determine whether this is a natural condition.   
4/ Subsection 3.7.1.7, Current Condition of Riparian Areas, for definitions of seral stage. 
5/ The upper end of the seral stage size range is fully functioning.  The lower end of the seral stage size range requires 

more recovery time prior to being fully functioning. 
6/ Full functioning LWD recruitment also depends on stream size for determining recovery.  Larger streams require a 

larger proportion of big trees and, therefore, need a longer period to recover. 
7/ Estimated to be the same timeframe as shade. 
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Action]) to represent the No-Action Alternative.  The effects of No Action are displayed 1 
for both of these endpoints in the following subsections, but the actual outcome and the 2 
actual effects of No Action on LWD recruitment are likely to fall between these two 3 
scenarios. 4 

Overview of Effects 5 
An overview of the effects of the alternatives on LWD supply to streams is presented in 6 
this subsection.  For perspective, LWD in streams has been greatly reduced in nearly all 7 
streams within the State due to historic logging practices, but also other land uses (e.g., 8 
agriculture, urbanization) (subsection 3.7.1.6, Historic Protection of Riparian Areas, and 9 
subsection 3.7.1.7, Current Condition of Riparian Areas).  However, the current 10 
Washington Forest Practices Rules, as well as the January 1, 1999 Washington Forest 11 
Practices Rules, would provide for substantially higher levels of LWD over the long term 12 
than was provided under historic harvest practices, especially along fish-bearing streams.  13 
The amount of LWD produced within riparian zones on covered forestlands is increasing 14 
due to tree growth and because the rules under any of the alternatives would result in the 15 
retention of a substantial portion of trees in the RMZ along fish-bearing streams, 16 
especially relative to historic practices.  However, LWD in streams will continue to 17 
decrease in the near term, especially in larger streams (larger streams require larger LWD 18 
to be functional), as LWD supplied by previously logged old growth is naturally being 19 
removed due to decay and fluvial transport.  In the long term, LWD in streams would 20 
remain close to baseline conditions or increase depending on the alternative.  Since some 21 
LWD in fish-bearing streams is supplied from non-fish-bearing streams, those 22 
alternatives with no RMZs on non-fish-bearing streams would limit the increase in LWD 23 
supply to fish-bearing streams over the long term.  Increases in LWD due to tree growth 24 
take a long time and represent long-term improvements.  The following paragraphs 25 
describe the relative LWD recruitment levels of the alternatives and summarize the 26 
degree to which each alternative meets the evaluation criteria for LWD recruitment.    27 

The LWD equivalent buffer area index was calculated to facilitate comparison of the 28 
LWD recruitment function among the alternatives.  It is displayed graphically in Figures 29 
4.7-7 to 4.7-10. The LWD equivalent buffer area index analysis is applied in this 30 
subsection as a relative measure of the protection of streams from loss of LWD 31 
recruitment potential.  The equivalent buffer area index is only an approximate measure 32 
of full recruitment potential because it does not account for all factors that either 33 
contribute to recruitment or reduce the amount of recruitment of LWD.  For example, the 34 
equivalent buffer area index does not account for redistribution of LWD within streams, 35 
reductions that could occur from yarding corridors or roads, LWD enhancement, or 36 
additions from mass wasting or channel migration. 37 

No Action Alternative 1-Scenario 2 would provide the lowest level of LWD recruitment 38 
to both fish-bearing (Type 1, 2, and 3), and non-fish-bearing (Type 4 and 5) streams.  39 
Low recruitment levels are attributable to narrow RMZ widths on fish-bearing streams 40 
and the lack of RMZs along non-fish-bearing streams.  No Action Alternative 1-Scenario 41 
2 would provide an estimated 60 to 67 percent of full LWD recruitment potential along 42 
fish-bearing streams based on the 100-year site potential tree height criterion and an 43 
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estimated 37 to 53 percent based on the 250-year site potential tree height criterion 1 
(Figures 4.7-7 to 4.7-10).  For Type Np streams, this alternative would provide between 0 2 
and 18 percent of full LWD recruitment potential based on either the 100-year or 250-3 
year site potential tree height criterion.  Shoreline Management Act requirements would 4 
increase LWD recruitment to many Type 1 streams due to increased buffer widths.   5 

No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) would provide higher 6 
levels of LWD recruitment for fish-bearing streams (Types S and F), and substantially 7 
higher levels for non-fish-bearing streams (Type N) than No Action Alternative 1-8 
Scenario 2.  No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) would 9 
provide greater than 90 percent of full LWD recruitment to fish-bearing streams based on 10 
the 100-year site potential tree height criterion and greater than 80 percent based on the 11 
250-year site potential tree height criterion.  For Type Np streams, these three alternatives 12 
would provide 43 to 51 percent of full LWD recruitment based on the 100-year site 13 
potential tree height criterion and between 38 and 44 percent of full LWD recruitment 14 
based on the 250-year site potential tree height criterion.  In reality, recruitment to Type 15 
Np streams is likely to exceed these estimates due to protection of unstable slopes and 16 
landforms that are located in close proximity to non-fish-bearing streams.  Supplemental 17 
LWD recruitment from unstable slopes protection was not quantified in this analysis due 18 
to the difficulty in precisely and accurately identifying unstable slopes and landforms 19 
using remote (i.e., map and/or aerial photo) means as would be necessary to estimate 20 
statewide coverage.   21 

Alternative 4 would provide higher levels of LWD recruitment to fish-bearing streams 22 
and substantially higher levels to non-fish-bearing streams than No Action Alternative 1-23 
Scenario 2.  Relative to No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3), 24 
Alternative 4 would provide slightly higher levels of LWD recruitment to fish-bearing 25 
streams and moderately higher levels to non-fish-bearing streams.  This alternative would 26 
provide full (i.e., 100 percent) LWD recruitment for fish-bearing streams based on both 27 
the 100-year and 250-year site potential tree height criteria and would provide over 28 
95 percent of full recruitment for Type Np streams based on both evaluation criteria.  It is 29 
likely that supplemental protection of unstable slopes would further increase LWD 30 
recruitment to Type Np streams, providing full LWD recruitment in some areas.   31 

 32 
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Figure 4.7-7. Equivalent Buffer Area Index (EBAI) for LWD Summed for All 1 

Fish-Bearing, Non-Fish Perennial, and Non-Fish Seasonal 2 
Streams on the Westside, by Alternative, Assuming a 100-year 3 
Site Potential Tree Height. 4 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

All Streams Fish-bearing Non-fish Perennial Non-fish Seasonal

LW
D

 E
B

A
I

Alternative 1-Scenario 2
Alternative 1-Scenario 1, Alternative 2, & Alternative 3
Alternative 4

5 
 6 



 
 
 
 
 
 

Riparian and Wetland Processes Final EIS 
 

4-110

 Chapter 4 
Figure 4.7-8. Equivalent Buffer Area Index (EBAI) for LWD for All Fish-Bearing, 1 

Non-Fish Perennial, and Non-Fish Seasonal Streams on the 2 
Eastside, by Alternative, Assuming a 100-year Site Potential Tree 3 
Height. 4 
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Figure 4.7-9. Equivalent Buffer Area Index (EBAI) for LWD Summed for All 1 

Fish-Bearing, Non-Fish Perennial, and Non-Fish Seasonal 2 
Streams on the Westside, by Alternative, Assuming a 250-year 3 
Site Potential Tree Height. 4 
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Figure 4.7-10. Equivalent Buffer Area Index (EBAI) for LWD for All Fish-Bearing, 1 

Non-Fish Perennial, and Non-Fish Seasonal Streams on the 2 
Eastside, by Alternative, Assuming a 250-year Site Potential Tree 3 
Height. 4 
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Redistribution of LWD is difficult to quantitatively model because additions to one 1 
stream section can represent a loss in another.  However, provided wood is available for 2 
transport, headwater streams can be considered net sources of LWD because streamflows 3 
and mass wasting facilitate downstream transport.  Consequently, reductions in LWD 4 
recruitment in low order, high-gradient streams may also indicate some level of reduction 5 
of LWD recruitment to higher order streams.  In coastal Oregon, preliminary results 6 
suggested LWD recruitment from upstream sources ranged between 11 and 59 percent 7 
(Gresswell and May 2000).  This may be an appropriate range for basins in Washington 8 
with a similar geomorphology (i.e., steep to moderate gradient second and third order 9 
streams with relatively narrow valleys) and precipitation, but may be an over-estimate for 10 
other areas, particularly eastside watersheds with substantially lower precipitation and 11 
likelihood of debris flows. 12 

All alternatives would allow yarding corridors to be established through RMZs and over 13 
streams.  Under No Action Alternative 1-Scenario 2, there would be no requirements for 14 
leaving trees harvested for yarding corridors (generally they are removed).  Under No 15 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3, trees harvested in the core zone 16 
would have to be left, and only the volume of trees in excess of the stand requirement 17 
could be removed from the inner or outer zone.   18 

Under Alternative 4, all trees harvested for yarding corridors would remain in the RMZ.  19 
Under No Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4, any harvested 20 
trees retained in the RMZ could provide potential habitat for wildlife species that utilize 21 
down wood.  However, yarding across (over) fish-bearing streams requires a Hydraulic 22 
Project Approval from the WDFW that includes mitigation for trees harvested and/or 23 
removed from yarding corridors, requires removal of debris, and provides an opportunity 24 
for LWD placement.  25 

Existing roads were not considered in the equivalent buffer area index because they are 26 
present under all of the alternatives, and their location is site-specific and difficult to 27 
incorporate in a representative fashion within the equivalent buffer area index model.  28 
Incorporating existing roads would, therefore, introduce additional complexity to the 29 
analysis while providing only limited insight into the differences among the alternatives 30 
in terms of LWD recruitment potential.  However, the presence of roads would reduce the 31 
area available for LWD recruitment in an RMZ by approximately 5 percent or less 32 
depending upon the alternative and region of the State (based on Geographic Information 33 
System [GIS] analyses).  No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 34 
include requirements that would partially mitigate the presence of roads in RMZs.  This 35 
mitigation will be discussed below under the No Action Alternative 1-Scenario 1 and 36 
Alternatives 2 and 3 information.   37 

Detailed Effects Analysis 38 
No Action Alternative 1-Scenario 2 39 
Westside - Type 1, 2, and 3 Waters.  On the westside, the January 1, 1999 Washington 40 
Forest Practices Rules would provide a minimum RMZ width of 25 feet on Type 1-3 41 
waters.  The maximum width would depend on stream type and size, the extent of 42 
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wetland vegetation, or the width needed for implementation of the shade rule (WAC 222-1 
30-040), which would range from 25 to 100 feet.  Full LWD recruitment potential to the 2 
stream channel for most site classes would not be maintained.  The RMZs would all be 3 
less than one site potential tree height (both 100- and 250-year) with the exception of 4 
those on Site Class V lands.  As indicated earlier, 100-year and 250-year site potential 5 
tree height assumptions were used to express the range over which full LWD recruitment 6 
is likely to be met.  The 100-year site potential tree height assumption is derived from the 7 
FRR and is the basis for RMZ widths under No Action Alternative 1-Scenario 1 and 8 
Alternatives 2 and 3, while the 250-year site potential tree height assumption is the age of 9 
stands beginning to display old-growth characteristics (Franklin and Spies 1991).  Based 10 
on the more prevalent Site Classes (Classes II and III) found on State and private lands, 11 
the 100-year site potential tree height would equal 140 and 170 feet, respectively, and the 12 
250-year site potential tree height would equal 174 and 210 feet, respectively.  In 13 
addition, there would be a potential for increased blowdown along all streams that would 14 
have an RMZ under No Action Alternative 1-Scenario 2, since the average widths 15 
implemented would be relatively narrow (less than 75 feet) and therefore, would be more 16 
susceptible to blowdown.  In addition, Channel Migration Zones would not be protected 17 
under this alternative. 18 

Under No Action Alternative 1-Scenario 2, selective harvest could occur throughout the 19 
RMZ (Figure 4.7-5).  Based on modeling (DEIS Appendix B), the post-harvest 20 
proportion of LWD recruitment potential remaining in the riparian zone would range 21 
from 37 to 60 percent based on the 250- and 100-year site potential tree height 22 
assumptions, respectively.  Yarding corridors and roads would decrease these values.  23 
Under No Action Alternative 1-Scenario 2, no additional measures would be provided to 24 
address the reduction of LWD recruitment due to current or future roads.  In addition, 25 
there would be no incentives for landowners to undertake LWD enhancement projects, so 26 
these would seldom be implemented. 27 

Under No Action Alternative 1-Scenario 2, there would be few restrictions on the harvest 28 
of large trees.  Therefore, a substantial reduction in trees of functional size would occur 29 
in the RMZ.  Though only a percentage of functionally sized LWD may actually create 30 
pools, the greater the amount recruited, the greater the potential for pool formation.  For 31 
larger streams, the size of LWD would need to be substantially larger than for small 32 
streams.  For example, for a stream averaging 45 feet wide, the mean diameter of 33 
functional LWD is 22 inches compared to 8 inches in a 5-foot-wide stream (Bilby and 34 
Ward 1989) (subsection 3.7, Riparian and Wetland Processes).  When considering key 35 
piece size (pieces with the capability of trapping other smaller pieces of LWD and 36 
forming log jams; subsection 3.7.1.2, LWD Recruitment) a much smaller proportion of 37 
trees would be left in the RMZ that would be considered large enough to be functional.  38 
The LWD equivalent buffer area index takes into consideration both RMZ width and the 39 
management activities that occur within the RMZ.  The equivalent buffer area index 40 
demonstrates that No Action Alternative 1-Scenario 2 would provide the lowest level of 41 
protection for future recruitment of LWD (Figures 4.7-7 and 4.7-9).   42 
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Shorelines of Statewide Significance (which include a portion of Type 1 waters) are 1 
managed under the dual jurisdiction of the Forest Practices Act and the Shoreline 2 
Management Act.  During implementation of forest practices, the more restrictive of the 3 
two acts is applied along Type 1 waters.  Restrictions of the Shoreline Management Act 4 
along Shorelines of Statewide Significance include a 200-foot Shoreline Management 5 
Zone above the ordinary high water mark that is implemented and enforced at the county 6 
level.  Within the Shoreline Management Zone, a landowner may remove no more than 7 
30 percent of the available merchantable trees within a 10-year period.  As a result, a 8 
200-foot zone would complement the 25- to 100-foot RMZ applied under this alternative 9 
along Shorelines of Statewide Significance.  Therefore, the area outside the RMZ, but 10 
within the Shoreline Management Zone, would receive the protection required under the 11 
Shoreline Management Act.   12 

Under No Action Alternative 1-Scenario 2, the Shoreline Management Zone would 13 
provide for substantially higher protection for some Type 1 streams in the short-term than 14 
the standard Washington Forest Practices Rules.  However, additional entries in 15 
Shoreline Management Zones could be conducted at 10-year intervals to remove 30 16 
percent of the standing stock of trees.  Although this would tend to reduce the level of 17 
protection over time, the Shoreline Management Zone would continue to maintain a 18 
higher level of protection than the standard rules under No Action Alternative 1-19 
Scenario 2. 20 

On the westside, most harvests occur on relatively young stands (e.g., 50 years old).  21 
Thus, the quality of LWD input would be substantially less than optimum until these 22 
stands grow to a point where trees of a sufficient size are prevalent.  In addition, the 23 
January 1, 1999 Washington Forest Practices Rules would not encourage landowners to 24 
improve riparian stands for long-term gains in LWD recruitment.  Under this alternative, 25 
young conifer stands and hardwood-dominated stands could require many years to grow 26 
to (and may never reach) the size where they can supply functional LWD.  Compared to 27 
larger streams, riparian zones along smaller Type 2 and 3 streams would have a greater 28 
proportion of the available tree function with younger stand age because small tree sizes 29 
more often meet the criteria for functional wood in small streams than in large streams 30 
(Bisson et al. 1987).  Key piece size would be more difficult to attain than if harvest 31 
rotation were longer.  32 

RMZs are not static since trees left in an RMZ continue to grow, and regeneration occurs 33 
in harvested areas.  Based on growth modeling that was conducted for the Forest 34 
Practices Alternatives SEPA EIS (Washington Forest Practices Board 2001a), it is 35 
apparent that there is an increase in tree growth rate in RMZs when thinning occurs.  36 
Under No Action Alternative 1-Scenario 2, thinning would increase the size of trees over 37 
the mid- and long-term (50 to 100 years).  However, under No Action Alternative 1-38 
Scenario 2 there would be no limitation on timber harvest re-entry within the RMZ.  For 39 
the westside, it was assumed that the harvest rotation averages 50 years.  Therefore, long-40 
term growth projections are unrealistic, and riparian stands would not likely have enough 41 
large trees to provide for stable LWD in medium and large streams.  In very large 42 
streams, (using a 120-foot wide stream as an example), trees as great as 40 inches in 43 
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diameter (at a minimum) are needed as key pieces for long-term contributions to aquatic 1 
habitat (Abbe and Montgomery 1996).  Otherwise the trees may be mobilized and 2 
transported downstream in large flood events.  In addition, under No Action Alternative 3 
1-Scenario 2 selective harvest would not encourage riparian stand improvements within 4 
the RMZ for long-term gains, but would instead encourage the maintenance of the status 5 
quo (i.e., maintaining the same ratio of conifers to hardwoods). 6 

Westside - Type 4 and 5 Waters.  For Type 4 and 5 waters under No Action Alternative 7 
1-Scenario 2, RMZs would not be required except for site-specific conditions, and would 8 
not exceed 25 feet.  For Type 4 and 5 streams under most scenarios, harvest would be 9 
allowed to the streambank.  Consequently, there would be very limited LWD recruitment 10 
potential for these small streams.  This is shown in the equivalent buffer area index for 11 
non-fish-bearing streams (Figures 4.7-7 and 4.7-9).  However, there would be some 12 
potential for non-merchantable trees to provide some function if left in the short-term, 13 
because of the smaller LWD needed in small streams.  Some supplemental LWD 14 
recruitment from the protection of unstable slopes may occur in certain areas. 15 

Along Type 4 and 5 streams that are clearcut to the bankfull width, long-term modeling 16 
indicated that wood of functional and key piece sizes begins to be delivered to the 17 
channel in approximately 45 to 50 years (Bilby and Ward 1989; Bilby and Wasserman 18 
1989; Washington Forest Practices Board 2001a, Appendix D).  This was assuming an 19 
average channel width of 2 to 5 feet.  If the harvest rotation rate is 50 years, minimal to 20 
no recruitment to the stream would occur over the near and long-term along Type 4 and 5 21 
waters, except in areas where unstable slopes are protected. 22 

Eastside - Type 1, 2, and 3 Waters.  Under No Action Alternative 1- Scenario 2, the 23 
rules for eastern Washington would be generally similar to those for the westside.  The 24 
RMZ width for Type 1, 2, and 3 waters would range between 30 and 50 feet on each side 25 
of the stream for areas under the partial cut strategy, and averages about 50 feet under the 26 
clearcut strategy, but could extend up to 300 feet if there is a channel-associated wetland.  27 
As for most RMZ prescriptions on the westside, the range of eastside RMZ widths under 28 
the January 1, 1999 Washington Forest Practices Rules would not maintain full LWD 29 
recruitment potential because the buffers would be less than one site potential tree height 30 
(which ranges from 60 to 130 feet depending on the site class for a 100-year old stand 31 
and 85 to 195 feet for a 250-year old stand).   32 

However, an exception would occur when riparian vegetation is not adequate to provide 33 
required shading of the stream.  In these cases the RMZ could be expanded far beyond 34 
the average 50 feet and could meet or exceed one site potential tree height.  However, 35 
most timber harvest on the eastside is selective harvest and, therefore, would not require 36 
the more expansive RMZ widths (DEIS Appendix B).  However, where the shade rule 37 
would be implemented, additional trees may be left in the RMZ.  As a result, there would 38 
likely be an increase in the proportion of recruitable trees available in the RMZ under 39 
some conditions.  In addition, under No Action Alternative 1-Scenario 2, there may be a 40 
potential of increased blowdown since the average RMZ widths (30 to 50 feet on the 41 
eastside) are relatively narrow (less than 75 feet) and therefore more susceptible to wind 42 
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damage.  Along streams that are prone to channel migration, no additional protection of 1 
potential recruitment is provided if the channel shifts to a previously harvested area.  The 2 
maximum RMZ width of 300 feet for protection of channel-associated wetlands would be 3 
the only potential protection for migrating channels. 4 

Similar to the westside, selective harvest in eastern Washington could occur throughout 5 
the RMZ under No Action Alternative 1-Scenario 2 (Figure 4.7-6).  This would lead to 6 
soils and microclimate that are less favorable for tree growth bringing the average 7 
rotation length to an average age of 80 to 100 years for stands at timber harvest 8 
(Bolsinger et al. 1997).  Therefore, 80 to 100-year-old stands were assumed for 9 
evaluating immediate post-harvest stand conditions.  10 

The equivalent buffer area index for LWD under the 100-year site potential tree height 11 
and 250-year site potential tree height assumptions shows that this alternative provides 12 
the lowest level of protection for future recruitment of LWD when compared to other 13 
alternatives on the eastside (Figures 4.7-8 and 4.7-10).  LWD recruitment potential along 14 
fish-bearing streams would range from 53 to 67 percent of the levels needed for adequate 15 
protection based on the 100-year site potential tree height and 250-year site potential tree 16 
height criteria, respectively.  17 

On the eastside, the mean diameter required for LWD to be considered functional for a 18 
stream averaging 45 feet in width would be 12 inches, and for a stream averaging 5 feet 19 
in width it would be 8 inches (Bilby and Wasserman 1989).  Key piece size has not yet 20 
been defined for the eastside, although pieces larger than what is considered functional 21 
would likely be required to provide the long-term stability that defines key piece size.  22 
Similar to functional LWD, key piece size would vary depending on channel size. 23 

For some Type 1 streams, additional leave trees would likely be provided to larger 24 
streams due to their designation of Shorelines of Statewide Significance.  The Shoreline 25 
Management Act defines a 200-foot Shoreline Management Zone for streams with flow 26 
greater than 1,000 cubic feet/second measured from the stream’s ordinary high water 27 
mark.  The Shoreline Management Act requires that no more than 30 percent of the 28 
merchantable trees within this zone be removed every 10 years using a selective harvest 29 
strategy.  However, because the selective harvest strategy occurs more often than the 30 
even-aged strategy on the eastside (See Glossary), additional trees outside of the RMZ, 31 
but inside the one site potential tree height width, would frequently be available for 32 
recruitment.  33 

In addition, no additional measures would be provided under No Action Alternative 1-34 
Scenario 2 to address the reduction of LWD recruitment due to current or future roads. 35 

On the eastside, younger seral stages currently dominate most riparian areas.  Similar to 36 
the westside, the quality of LWD recruitment potential on the eastside would be less than 37 
optimal.  Also, similar to the westside, there would be no limitation of timber harvest 38 
entries within the RMZ on the eastside.  For the eastside it was assumed that harvest 39 
would occur on approximately an 80-year rotation, and the largest trees could be removed 40 
within the RMZ so long as leave tree requirements were met.  The selective harvest 41 
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requirements within the RMZ under No Action Alternative 1-Scenario 2 would not 1 
encourage improvement of the stand for LWD recruitment, but instead would require a 2 
minimum number of trees of a specific size and type along all Type 1 to 3 streams, 3 
without differentiating between stream size and riparian stand quality.  Therefore, it is 4 
unlikely that a sufficient number of larger trees in riparian stands would be maintained.  5 

Eastside - Type 4 and 5 Waters.  Under No Action Alternative 1-Scenario 2, for Type 4 6 
and 5 streams in most conditions, harvest would be allowed to the streambank.  However, 7 
the trend on the eastside is that a relatively large proportion (approximately 60 percent) of 8 
forestland has been harvested under a selective harvest strategy that leaves some riparian 9 
trees.  Along streams with a clearcut harvest strategy, there would be no protection of 10 
LWD sources and, therefore, no short-term and minimal long-term recruitment potential; 11 
an exception is where trees are retained on stream-adjacent unstable slopes to prevent 12 
harvest-related mass wasting.  Together, the equivalent buffer area index suggests these 13 
harvest strategies would result in recruitment potential along non-fish-bearing streams of 14 
approximately 18 percent of adequate protection levels under both site potential tree 15 
height assumptions. 16 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 17 
General.  The silvicultural prescriptions for RMZs under No Action Alternative 1-18 
Scenario 1 and Alternatives 2 and 3 would be implemented within three zones: the core 19 
zone is nearest to the water, the inner zone is the middle zone, and the outer zone is 20 
furthest from the water.  In addition to the RMZ and silvicultural prescription discussions 21 
below, it is important to note that additional measures would be implemented to replace 22 
lost LWD recruitment due to the presence of roads under No Action Alternative 1-23 
Scenario 1 and Alternatives 2 and 3.  These mitigation measures include one of the 24 
following two measures: 25 

• Stand requirements must be met regardless of the presence of stream crossings and 26 
stream adjacent roads; basal area shortfalls are made up in the inner and outer zones, 27 
if possible, or in nearby RMZs of the same harvest unit. 28 

• An optional LWD placement plan (WDFW approval required) would be 29 
implemented. 30 

The additional measures would provide greater LWD recruitment potential compared to 31 
No Action Alternative 1-Scenario 2.  The first mitigation measure would mitigate the 32 
basal area of trees lost due to the road, but would not mitigate the same level of riparian 33 
recruitment potential because the location of mitigation leave trees would be further from 34 
the stream, and the mitigation leave trees have no size distribution requirements (i.e., the 35 
mitigation basal area could be reached entirely with small trees).   36 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 are the only alternatives that 37 
provide incentives for an LWD placement plan by reducing leave-tree requirements in the 38 
outer zone.  An LWD placement plan would increase instream LWD in the short-term in 39 
exchange for trees in the portion of the RMZ that has the lowest probability of providing 40 
LWD in the future.  The number of trees that a landowner may remove in the outer zone 41 
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would depend on the plan approved by the WDFW, but leave-tree requirements could not 1 
be reduced below 10 trees per acre under an LWD placement plan.    2 

Similar to some Type 1 streams under No Action Alternative 1-Scenario 2, some Type S 3 
streams may provide additional leave trees under all harvest strategy options because of 4 
the Shoreline Management Act.  As indicated earlier, the more restrictive rules would be 5 
implemented for any given situation where both the Shoreline Management Act and the 6 
Forest Practices Act are applied.  In general, a Shoreline Management Zone would likely 7 
provide more leave trees in the short-term than an RMZ, particularly for Type S streams 8 
that do not have a Channel Migration Zone.  A Shoreline Management Zone is measured 9 
from the ordinary high water mark regardless of whether a Channel Migration Zone is 10 
present.  Consequently, the added level of protection from a Shoreline Management Zone 11 
would be reduced depending upon the width of the Channel Migration Zone.  Similar to 12 
No Action Alternative 1-Scenario 2, the areas outside the RMZ, but inside the Shoreline 13 
Management Zone, would have a higher level of short-term protection due to the harvest 14 
restrictions required by the Shoreline Management Act.  However, the level of added 15 
protection in the Shoreline Management Zone could decline over time because of 16 
additional harvest entries that would allow removal of up to 30 percent of the trees during 17 
each decade.  Nevertheless, the overall level of protection to selected Type S waters 18 
would be equivalent to, or higher than, the standard rules.  19 

Hardwood Conversion.  Landowners would have the option of conducting hardwood 20 
conversion in the inner zone of the RMZ on the westside only.  The riparian areas would 21 
have to be hardwood-dominated stands with evidence that conifers were present in the 22 
area in the past.  The objective of the hardwood conversion rule would be to improve 23 
long-term riparian function by allowing landowners to remove hardwoods in the 24 
conversion area and to restock the area with conifers.  There would be numerous 25 
requirements for implementing the hardwood conversion rules.  These would include, but 26 
would not be limited to, the following: 27 

• The combined core and inner zone do not meet stand requirements. 28 
• There are fewer than 57 conifer trees per acre 8 inches or larger diameter at breast 29 

height (dbh). 30 
• There are fewer than 100 conifer trees per acre 4 inches or larger dbh. 31 
• Conversion areas are limited to 500 feet in length. 32 
• Landowners must own the land 500 feet above and 500 feet below the conversion 33 

area. 34 
• No stream-adjacent parallel roads are present in the core or inner zone. 35 
• Several shade restrictions apply (WAC 222-30-021(1)(b)(i)). 36 

When the hardwood conversion takes place, the harvest would be required to adhere to 37 
the following: 38 

• Conifer trees greater than 20 inches dbh shall not be harvested in the conversion area. 39 
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• No more than 10 percent of the conifer trees greater than 8 inches dbh may be 1 

harvested. 2 
• The conversion area must be restocked with conifers and provided with post-harvest 3 

treatment. 4 

The hardwood conversion rule may slightly reduce short-term LWD recruitment from 5 
hardwood trees.  The loss of LWD recruitment potential from harvested conifers would 6 
be insignificant because most of the larger trees are protected.  The conversion areas 7 
would create a small to moderate reduction in shade in the immediate area, but the 8 
potential adverse effects on a larger scale may be reduced by the additional shade 9 
restrictions required for hardwood conversion to take place.  Conversely, the potential 10 
long-term benefit from restoring the riparian stands to conifer would likely outweigh the 11 
short-term losses.  As indicated earlier, conifers have the potential to provide larger and 12 
longer lasting LWD than hardwood trees (Harmon et al. 1986).  Nevertheless, the 13 
Washington DNR recognizes there is some uncertainty about the adverse effects of the 14 
hardwood conversion rule, and thus would be required to track conversion rates on a 15 
watershed basis.     16 

20-Acre Exemption Rule.  Under No Action Alternative 1-Scenario 1 and Alternatives 2 17 
and 3, small landowners (20-acre exempt parcels) would be permitted to implement less 18 
protective RMZs on non-contiguous parcels less than 20 acres in size (subsection 2.3, 19 
Alternatives Analyzed in Detail).  Although these parcels represent a small fraction of the 20 
forestlands subject to Washington Forest Practices Rules (about 0.5 to 5 percent of all 21 
private forestlands, depending on the region, Rogers 2003), and the rate of forest 22 
practices to be implemented on these lands is unknown, this reduced protection increases 23 
the level of concern.  In watersheds with a high proportion of small landowners, 24 
especially where a high level of past harvest has occurred, this rule would increase the 25 
likelihood that LWD recruitment would be inadequate to maintain a properly functioning 26 
system.   27 

However, some factors suggest that while protections would be less, overall effects to 28 
riparian function (e.g., LWD, shade retention) would not be reduced substantially.  While 29 
the rules would allow for selective harvest within the RMZ, in practice it is likely this 30 
would rarely occur.  In a recent evaluation of 20-acre exempt parcels, 86 percent of 37 31 
parcels examined had no RMZ harvest, and all but 1 parcel had greater than 85 percent 32 
retention (Personal Communication, Jeff Grizzel, Washington DNR, May 10, 2004).  33 
While harvesting to the established minimum is allowed under the 20-acre exemption 34 
rule if shade requirements can be met, data from the DNR Forest Practices Division 35 
indicate that harvest within the RMZ is uncommon.  In a statewide sample of 37 RMZs 36 
established on exempt 20-acre parcels during 2002 and 2003, 32 (86 percent) were 37 
treated as no-harvest areas, and only two had 15 percent or more of the trees removed 38 
from the RMZ (FPHCP, Appendix J).  Further sampling of an additional 39 RMZs 39 
established on exempt 20-acre parcels during 2004 and 2005 indicated a similar trend.  40 
That is, little if any harvest had occurred within RMZs.  The 2004 and 2005 data showed 41 
that RMZs were treated as no-harvest areas in 90 percent of the harvested parcels 42 
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reviewed.  Only one had more than 15 percent of the trees removed from the RMZ 1 
(FPHCP, Appendix J).  Although these data represent only a sample of the 20-acre 2 
exempt Forest Practices Applications, anecdotal information supplied by the DNR 3 
suggests they are typical of RMZ harvest practices since adoption of the Emergency 4 
Salmonid Rules in 1998 (Personal Communication, Sue Casey and Bob Anderson, 5 
Washington DNR, July 2005).   6 

This low rate of harvest in our RMZs may be partly because of the shade rule, which 7 
would require retention of trees in the RMZ to meet the shade requirements.  Since many 8 
of these parcels are at relatively low elevations, the Washington Forest Practices Rules 9 
under No Action Alternative 1-Scenario 1and Alternatives 2 and 3 would require a high 10 
degree of shade.  This requirement would also benefit LWD supply since a greater 11 
proportion of trees would be retained near the shoreline where a higher probability of 12 
LWD exists (McDade et al. 1990).  Based on the estimated portion of LWD contributed 13 
by distance for mature conifer trees (from McDade et al. 1990) and the estimated range of 14 
RMZ requirements for fish-bearing streams, exempt parcels would supply 45 to 95 15 
percent of total LWD, depending on RMZ width. This would be on average slightly 16 
lower than for other streams under No Action Alternative 1-Scenario 1 and Alternatives 2 17 
and 3, as indicated by the LWD equivalent buffer area index for fish-bearing streams; the 18 
estimated LWD equivalent buffer area index for both westside and eastside fish-bearing 19 
streams ranges from 82 to 90 percent for the 250-year site potential tree height 20 
assumption and from 91 to 93 percent for the 100-year assumption (Figures 4.7-7 to 4.7-21 
10).  No RMZ would be required on non-fish-bearing streams, which would reduce LWD 22 
supply to these segments directly and would likely be less than other non-fish-bearing 23 
streams under these alternatives. 24 

Shade provided by 20-acre exempt parcels varies with RMZ width and the species, age, 25 
and density of riparian vegetation.  Retention of RMZs on fish-bearing streams that are 26 
29 to 115 feet (9 to 35 meters) wide would likely provide between 25 and 85 percent 27 
shade or canopy cover (measured as angular canopy density).  This conclusion is based 28 
on data from Brazier and Brown (1973) and Steinblums et al. (1984) (See Beschta et al. 29 
1987).  The smaller streams would typically have the lower estimated shade, but smaller 30 
stream channels can have shade requirement more easily met with smaller buffers than 31 
large streams (Broderson 1973).  While the amount of shade in 20-acre exempt parcels 32 
may be slightly lower than that supplied by No Action Alternative 1-Scenario 1 and 33 
Alternatives 2 and 3, moderate to high levels of protection in most fish-bearing streams 34 
would be maintained.  As noted above, the limited amount of forest area affected by this 35 
exemption would limit the overall effects to stream systems in most areas. 36 

Westside: Inner Zone Options.  No Action Alternative 1-Scenario 1 and Alternatives 2 37 
and 3 would provide two options for harvesting within the inner zone on the westside, 38 
providing that the riparian stand exceeds the requirements for meeting the DFC.  The 39 
Option 1 approach is designed for riparian stands that have a skewed distribution with 40 
more numerous, but relatively small trees.  In contrast, the Option 2 approach is designed 41 
for stands that have a more normal distribution of tree sizes.  Option 1 would allow 42 
harvest by thinning from below.  That is, surplus basal area could be harvested, but is 43 
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limited to smaller diameter trees.  Option 1 was developed with the objective of 1 
shortening the time required to meet LWD and water quality needs.  Option 2 would 2 
allow harvest of surplus basal area by prioritizing harvest of inner zone trees furthest 3 
from the stream and leaving inner zone trees closest to the stream.  The objective of 4 
Option 2 would be to retain those trees closest to the stream that provide proportionally 5 
more functional benefit than trees farther from the stream.  As described in Chapter 2 6 
(Alternatives), both options would have specific leave-tree requirements. 7 

Westside: Type S and F Waters – Option 1 (Thinning From Below).  On the westside, 8 
Type S and F RMZ widths under No Action Alternative 1-Scenario 1 and Alternatives 2 9 
and 3 would be based on the average height of a 100-year-old stand.  These RMZs would 10 
be measured from the edge of the Channel Migration Zone, where present, or from the 11 
edge of the bankfull channel.  Where Channel Migration Zones are present, additional 12 
protection would be provided if a change in channel location occurs.  Protection of the 13 
Channel Migration Zone would ensure that an established stand of trees would be 14 
available for recruitment in a relocated stream channel.  15 

Some harvest could occur in some portions of the RMZ.  For Type S and F streams under 16 
Option 1, no harvest would occur in the core zone, which would be 50 feet from the outer 17 
edge of either the bankfull width or Channel Migration Zone (whichever is greater).  18 
Approximately 48 to 92 percent of LWD recruitment potential comes from the core zone 19 
of the RMZ, based on McDade et al. (1990), site class, and the two site potential tree 20 
height assumptions for stand age (e.g., 100 and 250 years) (Table 4.7-1).  For Site Class 21 
II, the core zone accounts for 56 percent (site potential tree height 210 feet) to 70 percent 22 
(site potential tree height 170 feet) of total recruitment.   23 

Selective harvest (thinning from below) would be allowed in the inner zone, or the 24 
middle zone, of the RMZ.  Specific stand requirements would exist, and thinning would 25 
be based on an assessment of specific site characteristics including site class, species, 26 
trees-per-acre, ratio of hardwoods to conifers, average stand age, and basal area.  The 27 
objective of this strategy would be to shorten the time required for trees in the inner zone 28 
to reach a size adequate to provide functional LWD.  This strategy would allow for the 29 
removal of a portion of the smaller trees present in the inner zone while leaving the 30 
largest trees.  The width of the inner zone under Option 1 would vary depending on site 31 
class and stream size.  Using a Site Class II modeled stand, approximately 24 percent of 32 
LWD recruitment potential comes from the 50- to 100-foot portion of the RMZ if all 33 
trees are left uncut (Figure 4.7-1, which is a normalized representation of LWD supply 34 
for any site potential tree height).   35 

The inner zone selective harvest prescription would initially reduce the LWD recruitment 36 
potential in the RMZ inner zone by approximately 5 percent along small streams (less 37 
than or equal to 10 feet wide) with no reduction in recruitable size trees along the larger 38 
streams.  However, because stand requirements are intended to mimic mature forest stand 39 
characteristics, full recruitment from the inner zone should be maintained over the long 40 
term.  Stream size affects both functional LWD size and the width of the inner zone.  In 41 
general, a wider range of tree sizes along smaller streams would function if recruited (i.e., 42 



 
 
 
 
 
 

Final EIS Riparian and Wetland Processes 

 
4-123

Chapter 4 
smaller LWD would also be functional); therefore, a larger percentage of source trees 1 
would be lost if harvested compared to a larger river that requires larger trees to function.  2 

The outer zone under Option 1 would provide for commercial harvest with requirements 3 
for a specific number and size of leave trees.  Similar to the inner zone, the outer zone 4 
width would also vary depending on site class and stream width and would range from 22 5 
to 67 feet.  However, based on the stand modeling developed in the Forest Practices 6 
Alternatives SEPA EIS (Washington Forest Practices Board 2001a), functional LWD 7 
recruitment would be unlikely to occur from the outer zone for over 200 years after 8 
harvest for most fish-bearing streams assuming an age 50 stand at the time of harvest.  9 
Approximately 6 to 14 percent of the LWD recruitment potential would come from the 10 
outer zone of a Site Class II stand under no-harvest conditions depending upon the site 11 
potential tree height assumptions.  Under the 250-year site potential tree height 12 
assumption, about 6 percent of the recruitment potential would be derive from outside the 13 
outer zone (i.e., 170 to 210 feet) and would receive no RMZ protection.  Based on the 14 
modeled harvest, the outer zone would contribute approximately 2 to 5 percent of the 15 
recruitment potential (Washington Forest Practices Board 2001a, Appendix D).   16 

The total post-harvest proportion of recruitable trees remaining in the three zones of the 17 
RMZ would range between 91 percent (for smaller streams less than 10 feet wide) and 96 18 
percent (for larger streams greater than 10 feet wide) based on the 100-year site potential 19 
tree height assumption and between 80 and 85 percent based on the 250-year site 20 
potential tree height assumption (Washington Forest Practices Board 2001a, 21 
Appendix D).   22 

A sensitivity analysis was conducted using the 100-year site potential tree height 23 
assumption to see if recruitment potential would vary substantially between stands of 24 
different site classes.  Four channel widths (5 to 44 feet) representative of each stream 25 
type were compared by site classes to estimate the proportion of trees (those that would 26 
contribute to LWD without harvest) that would be present after harvest.  The variation in 27 
recruitment potential based on the stands modeled (which included a low, medium and 28 
high Site Classes II and III) was relatively small, ranging between 87 and 93 percent for 29 
smaller streams and between 93 and 96 percent for larger streams (Washington Forest 30 
Practices Board 2001a, Appendix D).  31 

Based on the modeled harvest, the same proportion of trees sufficiently large to be 32 
considered key pieces would be present in the RMZ both pre- and post-harvest.  This 33 
would occur because the inner zone would be thinned from below, leaving the largest 34 
trees in the inner zone available for potential recruitment.  Therefore, depending on 35 
stream size, trees of key piece size could be maintained under this option if they already 36 
exist in the stand.  However, as stream size increases, the proportion of trees of key piece 37 
size decreases because minimum key piece size increases with stream size.  This was 38 
highlighted in the sensitivity analysis where no trees of functional size (or larger key 39 
pieces) were available for recruitment along modeled Site Class III stands.  Growth 40 
modeling using the Riparian Aquatic Interaction Simulator model suggests that stands 41 
would need to be at least 160 years old to obtain key pieces for streams 44 feet wide 42 
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(Washington Forest Practices Board 2001a, Appendix D).  Therefore, the concern is over 1 
the long-term (well beyond the expected life span of No Action Alternative 1-Scenario 1 2 
and Alternatives 2 and 3) because many stands would not have sufficient trees of key 3 
piece size immediately after harvest.   4 

The equivalent buffer area index for LWD on the westside shows that under both the 5 
100-year site potential tree height and 250-year site potential tree height assumptions 6 
these alternatives would produce substantially greater recruitment to Type S and F 7 
streams when compared to No Action Alternative 1-Scenario 2, (but lower recruitment 8 
when compared to Alternative 4) (Figures 4.7-7 and 4.7-9).  In addition, it is clear that 9 
fish-bearing streams receive more protection than non-fish-bearing streams under No 10 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3. However, the equivalent buffer 11 
area index does not reflect the long-term benefits associated with thinning, which boosts 12 
the growth rates of source trees remaining in the RMZ.   13 

The current quality of LWD input potential along most westside streams is well below 14 
the optimum, and will remain that way until riparian areas grow to a point when trees are 15 
of sufficient size to provide functional LWD.  The 50-year old stand modeled for long-16 
term recruitment using the Riparian Aquatic Interaction Simulator demonstrates there 17 
would be an increase in tree growth rate under Option 1 (Washington Forest Practices 18 
Board 2001a).  However, the modeling suggested that thinning adjacent to small streams 19 
(less than 10 feet) would not result in a decrease in the time required for trees to reach a 20 
functional size (about an 80-year old stand, regardless of thinning).  In addition, a wider 21 
range of tree sizes along small streams would provide functional LWD if recruited; 22 
therefore, a larger percentage of potential source trees would be lost if harvested.   23 

However, the benefit of thinning appears to be substantial when considering large 24 
streams and key piece size, especially in highly productive stands (100-year site index of 25 
128 or greater).  For streams 44 feet wide, the modeling suggested that compared to no 26 
harvest, thinning resulted in a shorter time period for trees to reach key piece size (160-27 
year stand if thinned and 290-year stand with no harvest).  In addition, the modeling 28 
suggested there could be an increase in the amount of LWD.  The Riparian Aquatic 29 
Interaction Simulator model indicated that a 300-year old, Site Class II stand would have 30 
about 14 percent (nearly 2 pieces per 1,000 feet) more functional LWD following 31 
thinning under Option 1 compared to Option 2 or Alternative 4.  The modeling suggests 32 
that for lower productivity riparian stands or streams less than 30 feet wide, thinning does 33 
not provide a substantial benefit for producing functional and key piece side LWD more 34 
rapidly than no-harvest (Washington Forest Practices Board 2001a, Appendix D).  35 

Westside: Type S and F Waters – Option 2 (Leaving Trees Closest to the Water).  36 
Under Option 2 of No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, 37 
no-harvest RMZs would be 80 feet wide on streams less than 10 feet wide and 100 feet 38 
wide on streams greater than 10 feet wide.  Similar to Option 1, no harvest would occur 39 
under Option 2 in the 50-foot-wide core zone measured from the bankfull width or 40 
Channel Migration Zone (if present).  Consequently, the core zone would provide the 41 
same level of protection under Option 2 as it would under Option 1.  In addition to the 42 
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core zone, the next 30 feet of the inner zone on streams less than 10 feet wide and the 1 
next 50 feet on streams greater than 10 feet wide would also be no-harvest zones.  Option 2 
2 could only be applied to Site Class I, II, and III sites on streams less than or equal to 10 3 
feet wide and Site Class I and II sites on streams greater than 10 feet wide.  Depending 4 
upon the site potential tree height assumption (for Site Class II), the combined no-harvest 5 
RMZs from the core zone and inner zone would provide from 73 to 86.5 percent of full 6 
LWD recruitment potential for smaller streams (less than 10 feet) and 80 to 95 percent of 7 
full potential for larger streams.  8 

Selective harvest would be allowed in the remaining portion of the inner zone, which 9 
varies in width, depending on site class and stream size.  Based on modeling in the Forest 10 
Practices Alternatives SEPA EIS (Washington Forest Practices Board 2001a), the total 11 
inner zone LWD recruitment potential for streams greater than 10 feet wide would be 12 
maintained.  For streams less than or equal to 10 feet in width, a reduction of 13 
approximately 3 percent of potentially recruitable trees would occur over the short term. 14 

Under Option 2, if prescriptions in the core and inner zone result in a basal area that 15 
exceeds the basal area target, a greater reduction of trees would be allowed in the outer 16 
zone.  In the modeled example, there was no excess (i.e., all 20 trees per acre were 17 
retained in the outer zone) resulting in a range of 0 to 2 percent of the recruitable trees 18 
remaining, depending on stream size.  The leave tree requirement for the outer zone could 19 
also be reduced if conifers are retained in the Channel Migration Zone. 20 

The post-harvest proportion of potentially recruitable trees remaining in the combined 21 
three zones of the RMZ would range from 94 to 95 percent of the pre-harvest condition 22 
(Washington Forest Practices Board 2001a, Appendix D).  The overall recruitment 23 
potential of smaller streams (less than 10 feet) under Option 2 would be higher than the 24 
recruitment potential under Option 1.  In contrast, Option 1 would produce greater 25 
recruitment potential for larger streams (greater than 10 feet).  However, the differences 26 
between the two options would not be large; less than 3 percent of the pre-harvest 27 
potential.  Consequently, the different strategies would not substantially change the 28 
number of recruitable trees.  A sensitivity analysis using the 100-year site potential tree 29 
height assumption and Site Class III (low) to Site Class II (high) showed similar patterns.  30 
The differences between options were 5 percent or less, and both options retained 87 31 
percent or more of the potentially recruitable trees.   32 

Under Option 2, the equivalent buffer area index ranged from 90 to 93 percent for fish-33 
bearing (Type S and F) streams under the 250-year site potential tree height and 100-year 34 
site potential tree height assumptions, respectively.  The equivalent buffer area index 35 
under both site potential tree height assumptions, suggests that Option 2 of No Action 36 
Alternative 1-Scenario 1 and Alternatives 2 and 3 would produce a substantially greater 37 
recruitment potential along Type S and F streams compared to No Action Alternative 1-38 
Scenario 2, a similar recruitment potential compared to Option 1, but a lower recruitment 39 
potential compared to Alternative 4. 40 

One limitation of the equivalent buffer area index is that it fails to take into consideration 41 
the growth rate of trees remaining in the RMZ following harvest.  Stand growth modeling 42 
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suggests the rate of growth would be slower with the wider no-harvest area of Option 2 1 
compared to Option 1.  Consequently, under this option, wider streams would require a 2 
longer period of time to produce the larger trees needed to provide functional LWD.  3 
However, for smaller streams where smaller size LWD will function, a greater number of 4 
source trees would be retained in the RMZ.  5 

Westside: Non-fish Waters.  On portions of Type Np streams, RMZ widths would be 50 6 
feet, which is less than the one site potential tree height (both 100-year site potential tree 7 
height and 250-year site potential tree height) evaluation criteria recommended in most 8 
literature to provide an adequate level of LWD recruitment.  The 50-foot buffer would 9 
provide approximately 48 to 92 percent of the LWD recruitment potential of a mature 10 
stand where the buffer would be implemented, depending upon site class (McDade et al. 11 
1990).  At least 50 percent of the length of Np streams, which would include all sensitive 12 
sites within the harvest unit, would be required to have the 50-foot no-harvest RMZ.  13 
Depending on the number of sensitive sites, more than 50 percent of the Np stream length 14 
could be protected with an RMZ.  In practice, substantially more than 50 percent of Np 15 
stream lengths would have RMZs under the current rules and this would likely continue 16 
in the future under these alternatives (Personal Communication, Jeff Grizzel, Washington 17 
DNR, April 6, 2004).  This is primarily because additional protection would be provided 18 
in the form of unstable slopes buffers, which would often be retained as no-harvest areas 19 
in close proximity to small, headwater streams (i.e., Type Np and Ns streams).   20 

Because of the relatively narrow RMZs, there would be a greater potential that blowdown 21 
would occur.  As mentioned previously, observed blowdown levels average about 15 22 
percent, but vary widely depending upon site characteristics and could approach 100 23 
percent in rare circumstances (Steinblums 1978; Steinblums et al. 1984; Harris 1989; 24 
Grizzel and Wolf 1998).  On Type Ns and all other Type Np streams, harvest would be 25 
allowed to the streambank.  Therefore, there would be no direct protection of LWD 26 
recruitment potential.  However, as mentioned above, because many unstable landforms 27 
(e.g., inner gorges, bedrock hollows, channel heads) are located along Type Np and Ns 28 
streams, LWD recruitment would be provided for some streams even though RMZs 29 
would not be required (Personal Communication, Jeff Grizzel, Washington DNR, April 30 
6, 2004). 31 

While processes for LWD inputs from Type Np and Ns streams to Type S and F (fish-32 
bearing) streams are reasonably well understood, rates of LWD input are not well 33 
documented (Benda et al. 2003; Reeves et al. 2003; Potts and Anderson 1990).  In narrow 34 
coastal streams in Oregon, movement of LWD in second- and third-order streams has 35 
been observed between 11 and 49 percent (Gresswell and May 2000).  In some streams, 36 
the level of input can be very high as a result of debris torrents.  In addition, trees that fall 37 
into streams are important for sediment retention (Keller and Swanson 1979; Sedell et al. 38 
1988), gradient modification (Bilby 1979), and nutrient production (Cummins 1974) in 39 
Type Np and Ns streams. 40 

Eastside: Type S and F Waters.  On the eastside, No Action Alternative 1-Scenario 1 41 
and Alternatives 2 and 3 would require an RMZ width of at least one 100-year site 42 
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potential tree height along Type S and F streams.  A few exceptions would exist, 1 
including streams less than 15 feet wide on Site Class V soils and streams greater than 15 2 
feet wide on Site Class of III, IV, or V (which all exceed the 100-year site potential tree 3 
height).  Therefore, Type S and F RMZs would meet the width recommended in the 4 
literature for maintaining full LWD recruitment.  In addition, because these RMZs are 5 
measured from the Channel Migration Zone or the bankfull width, additional protection 6 
would be provided in cases where the stream channel shifts or migrates.  This would 7 
ensure that an established stand of trees would be available for recruitment in the 8 
relocated stream channel. 9 

For Type S and F streams, no harvest would occur in the core zone, which would be 30 10 
feet from the Channel Migration Zone or bankfull width.  Approximately 65 percent of 11 
LWD recruitment potential comes from the core zone, based on McDade et al. (1990) 12 
using a 100-year site potential tree height of 110 feet and 44 percent of the recruitment 13 
potential using a 250-year site potential tree height of 170 feet. 14 

Selective harvest would be allowed in the inner zone, which would vary in width 15 
depending on stream width.  For streams less than 15 feet wide, the inner zone would be 16 
45 feet wide, and for streams greater than 15 feet wide the inner zone would equal 70 17 
feet.  Using a Site Class II modeled stand for comparative purposes, approximately 31 18 
(100-year site potential tree height) to 33 (250-year site potential tree height) percent of 19 
LWD recruitment potential would come from the 30 to 75-foot zone of the RMZ if all 20 
source trees are left uncut along a stream less than 15 feet wide.  For streams wider than 21 
15 feet, 33.5 (100-year site potential tree height) to 42 (250-year site potential tree height) 22 
percent of recruitment potential would originate from between 30 and 100 feet (i.e., the 23 
inner zone) of the RMZ.  The inner zone selective harvest prescription (using the 24 
modeled stand) would maintain 8 (100-year site potential tree height) to 9 (250-year site 25 
potential tree height) percent of the no-harvest LWD recruitment potential along streams 26 
less than 15 feet wide.  For streams greater than 15 feet wide, the inner zone selective 27 
harvest prescription would maintain between 6 (100-year site potential tree height) and 28 
14 (250-year site potential tree height) percent of the LWD recruitment potential. 29 

More restrictive prescriptions would be implemented within the bull trout overlay.  The 30 
bull trout overlay would include those portions of eastern Washington streams containing 31 
bull trout habitat as identified on the WDFW’s bull trout overlay map (Washington 32 
Forest Practices Board 2002).  The more restrictive prescriptions would be designed for a 33 
higher level of protection for trees that contribute towards “all available” shade, which 34 
could also provide increased protection for trees that could become LWD.  For purposes 35 
of this FEIS, the inner zone was modeled as no-harvest between 30 and 75 feet for all 36 
streams within the bull trout overlay to represent the maximum likely shade-retention 37 
strategy.  For streams greater than 15 feet wide, the area 75 to 100 feet from the stream or 38 
Channel Migration Zone edge was modeled as a partial harvest leaving at least 50 trees 39 
per acre including the 21 largest trees, at least 29 trees greater than 10 inches dbh, and 40 
basal area of at least 90 feet2 per acre.  Under this scenario, 31 (100-year site potential 41 
tree height) to 36 (250-year site potential tree height) percent of the no-harvest LWD 42 
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recruitment potential would come from the inner zone (Washington Forest Practices 1 
Board 2001a, Appendix D, Tables 31a and 31b).  2 

The outer zone would have prescriptions that allow for a more intensive selective harvest.  3 
Similar to the inner zone, the outer zone width would also vary, depending on site class 4 
and stream width, and range between 0 and 55 feet.  The outer zone would provide 5 
approximately 1.5 (100-year site potential tree height) to 2.5 (250-year site potential tree 6 
height) percent of the LWD recruitment potential if all trees are left unharvested.  Under 7 
the 250-year site potential tree height assumption for Site Class II soils, about 11.5 8 
percent of the recruitment potential would originate from outside the outer zone (i.e., 110 9 
to 170 feet) and would receive no RMZ protection.  The outer zone would maintain less 10 
than 1 percent of the recruitment potential under the 100-year site potential tree height 11 
assumption, but would provide about 2 percent of the potential under the 250-year site 12 
potential tree height assumption.  This would result from the different cumulative 13 
recruitment potential curves used under the two assumptions.  The 100-year site potential 14 
tree height assumption was based upon the mature stand curve, and the 250-year site 15 
potential tree height assumption was based upon the old-growth curve from McDade et 16 
al. (1990).  Compared to the mature curve, the old-growth curve has a higher percentage 17 
of the total recruitment derived farther from the stream.    18 

With all zones combined, in areas outside the bull trout overlay, the post-harvest 19 
recruitment potential in the three zones of the RMZ would range from 55 (250-year site 20 
potential tree height) to 74 (100-year site potential tree height) percent of the no-harvest 21 
potential for smaller streams less than 15 feet.  The range for larger streams greater than 22 
15 feet would range from 52 (250-year site potential tree height) to 76 (100-year site 23 
potential tree height) percent (Washington Forest Practices Board 2001a, Appendix D).  24 
Within the bull trout overlay, the post-harvest recruitment potential would range from 80 25 
(250-year site potential tree height) to 96 (100-year site potential tree height) percent for 26 
streams less than 15 feet and 79 (250-year site potential tree height) to 97 (100-year site 27 
potential tree height) percent for streams greater than 15 feet.  However, these estimates 28 
are likely conservative, because the “all available shade” rule within the bull trout overlay 29 
does not necessarily equate to “no-harvest” within the inner zone. 30 

A sensitivity analysis was prepared using the 100-year site potential tree height 31 
assumption to determine the variation in post-harvest recruitment potential between 32 
vegetative habitat types (mixed conifer versus ponderosa pine), areas within or outside 33 
the bull trout habitat overlay, site classes, and stream size.  The results suggested there 34 
were moderate differences between vegetative habitat types (8 percent or less), large 35 
differences (10 to 28 percent) between areas in or out of the bull trout overlay, large 36 
differences (up to 19 percent) between site classes, and small differences (less than 5 37 
percent) between stream sizes (Washington Forest Practices Board 2001a, Appendix D).  38 
For both the mixed conifer and ponderosa pine habitat types the post-harvest LWD 39 
recruitment potential was consistently higher on sites with lower productivity 40 
(Washington Forest Practices Board 2001a, Appendix D).  This is because sites with 41 
lower productivity (e.g., Site Class IV and V) have a lower site potential tree height than 42 
those with higher productivity.  Therefore, the 30-foot core zone represents a greater 43 
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percentage of the total site potential tree height and recruitment potential on lower site 1 
classes.  2 

Also, for most of the stands modeled in the sensitivity analysis, it was apparent that larger 3 
streams that require large wood (greater than 10 inch dbh) to function may not benefit 4 
from the 29 smaller trees retained in addition to the 21 largest trees (to make up the 5 
minimum of 50 trees per acre) retained in the inner zone over the short term.  6 
Recruitment potential for these larger streams would likely only come from the 21 largest 7 
trees per acre left in the RMZ until the rest of the trees grew to a size that would be 8 
functional when recruited.  This disparity would likely be even larger for the recruitment 9 
of key piece LWD.  For these large streams, depending on the size class distribution in 10 
the stand, there is a greater likelihood that trees that could provide functional LWD 11 
would be harvested (i.e., trees that fall between the minimum size trees that are retained 12 
[10 inch dbh] and the largest trees in the stand that are required to be retained).  Mid-size 13 
streams, with a wider inner zone compared to streams less than 15 feet wide, would have 14 
the lowest likelihood of LWD recruitment reduction due to harvest, though some 15 
reduction would occur.  16 

The equivalent buffer area index for LWD weights the recruitment potential for each 17 
stream type and size by the length of the stream in those categories and provides an 18 
overall measure of recruitment potential by alternative.  The equivalent buffer area index 19 
for LWD on the eastside ranges from 82 (250-year site potential tree height) to 93 percent 20 
(100-year site potential tree height) of the no-harvest potential along Type S and F 21 
streams.  The equivalent buffer area index suggests that there is substantially greater 22 
recruitment for Type S and F streams under No Action Alternative 1-Scenario 1 and 23 
Alternatives 2 and 3 compared to No Action Alternative 1-Scenario 2, but less when 24 
compared to Alternative 4 under both site potential tree height assumptions (Figures 25 
4.7-8 and 4.7-10). 26 

Within the bull trout overlay, which covers most of the eastside forested areas, if all trees 27 
within 75 feet of the stream must be retained because they provide shade (See the Stream 28 
Shade discussion, below), then the level of protection would increase substantially over 29 
the standard shade rule (applied outside the bull trout overlay).  Notably, shade-producing 30 
trees in the inner zone are those most likely to be the larger trees that would provide 31 
LWD if they reach the stream.  In practice, it is expected that most landowners would 32 
harvest some trees (not identified as shade trees) between the outer edge of the core zone 33 
(i.e., 30 feet) and 75 feet. 34 

The equivalent buffer area index under the 250-year site potential tree height assumption 35 
is lower than the 100-year site potential tree height assumption.  Consequently, less 36 
protection would be provided under the 250-year site potential tree height than under the 37 
100-year assumption.  Overall, it is likely that LWD recruitment to Type F and S streams 38 
would be at levels adequate to sustain robust salmonid populations, given the 39 
implementation of the shade rule, which would effectively reduce harvest opportunities 40 
within the bull trout overlay.  41 
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On the eastside under current conditions, most riparian areas are dominated by forests in 1 
early-seral stages.  Thus, the quality of LWD input potential is currently less than optimal 2 
to provide LWD recruitment.  Using the Riparian Aquatic Interaction Simulator growth 3 
model to predict tree growth rate, it is apparent that thinning results in increasing tree 4 
diameter at a faster rate.  Under No Action Alternative 1-Scenario 1 and Alternatives 2 5 
and 3, thinning the inner zone would increase the size of trees over the mid- and long-6 
term, and would produce larger trees sooner (See discussion under Westside, above).  7 
However, because the growth rate is slower on much of the eastside, the time frame 8 
would likely be extended.  Though key piece sizes have not been calculated for the 9 
eastside specifically, the time to reach key piece size would likely be reduced to some 10 
extent, similar to the westside.  However, the actual timeframe required to reach key 11 
piece size would likely be longer than for the westside.  For large streams there may be a 12 
greater lag time before a larger proportion of trees would be of recruitable size, since 13 
some of the medium/large size trees would have the most potential of being harvested in 14 
the short-term. 15 

Eastside: Non-fish Waters.  On Type Np streams, the RMZ width would be 50 feet.  16 
Harvest within Type Np RMZs could follow a partial cut, clearcut, or no-harvest strategy 17 
and would be identified by the landowner as part of a forest practices application.  The 18 
RMZ would be less than the one site potential tree width recommended in most literature 19 
to encompass the entire LWD recruitment source area.  The 50-foot buffer would provide 20 
approximately 48 to 92 percent of full LWD recruitment potential, depending upon site 21 
class and site potential tree height assumption (McDade et al. 1990).  On some Np and all 22 
Ns stream reaches, harvest would be allowed to the streambank.  Consequently, there 23 
would be no direct requirement for protection of LWD recruitment potential along these 24 
stream reaches.  However substantial buffering would occur in some areas as a result of 25 
unstable slope protections, which would often restrict harvest along many Np and Np 26 
stream channels (Personal Communication, Jeff Grizzel, Washington DNR, April 6, 27 
2004).  Trees along Type Np and Ns streams (like Type S and F streams) that reach the 28 
channel are important for sediment retention (Keller and Swanson 1979; Sedell et al. 29 
1988), gradient modification (Bilby 1979), and nutrient production (Cummins 1974). 30 

Harvest opportunities within RMZs along Type Np streams would include a partial cut 31 
and a clearcut option.  The partial cut option would have a selective harvest prescription 32 
that would be the same as the inner zone along Type S and F streams.  The clearcut 33 
option could be implemented along no more than 30 percent of the stream length within 34 
the harvest unit, could not be more than 300 feet in length, and would be at least 500 feet 35 
upstream from the confluence with a Type S or F stream.  A no-harvest prescription 36 
would be implemented on both sides of the stream over a length similar to that 37 
implemented for the clearcut prescription.  Under the partial cut option, 24 to 36 percent 38 
of the potentially recruitable trees would be left in the RMZ depending on site-class and 39 
vegetation zone (i.e., timber habitat type) under the 100-year site potential tree height 40 
assumption.  Once a partial cut or clearcut strategy is selected, there would be no 41 
opportunity to change it during the term of the ITP under No Action Alternative 1-42 
Scenario 1 and Alternatives 2 and 3.  Under the modeled clearcut option, 55 to 59 percent 43 



 
 
 
 
 
 

Final EIS Riparian and Wetland Processes 

 
4-131

Chapter 4 
of the potentially recruitable trees were retained in the RMZ (Washington Forest 1 
Practices Board 2001a).  For all Type Ns streams, no RMZs would be maintained, and, 2 
therefore, no protection of LWD recruitment potential would occur except in cases where 3 
unstable slopes buffers were retained to prevent management-related mass wasting.   4 

Alternative 4 5 
General.  Unlike No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3), the 20-6 
acre exemption for small landowners would not apply to the riparian rules under 7 
Alternative 4; there would also be no such exemption under No Action Alternative 1-8 
Scenario 2.  Small landowners (owning less than 80 acres of forestland) would not be 9 
permitted to implement less protective RMZs on non-contiguous parcels less than 20 10 
acres in size (subsection 2.3, Alternatives Analyzed in Detail).  Therefore, there would be 11 
no increased likelihood of inadequate LWD recruitment in watersheds with a high 12 
proportion of small landowners.   13 

Under Alternative 4, the Shoreline Management Act would not result in additional 14 
retention of riparian trees along Shorelines of Statewide Significance as under the other 15 
alternatives.  This is because Alternative 4 would provide a greater level of protection 16 
than the Shoreline Management Act because the 200-foot RMZs would be no-harvest 17 
areas, measured from the outer edge of the Channel Migration Zone. 18 

Westside.  On the westside, Alternative 4 would implement 200-foot, no-harvest RMZs 19 
along streams with less than 20 percent gradient; 100-foot, no-harvest RMZs along 20 
streams with 20 to 30 percent gradient; and 70-foot, no-harvest RMZs along streams with 21 
greater than 30 percent gradient.  These RMZs would provide 94 to 100 percent, 75 to 22 
100 percent, and 62 to 98 percent of full LWD recruitment potential for a Site Class II 23 
stand, respectively, depending upon the site potential tree height assumption (i.e., 100-24 
year or 250-year).   25 

Similar to No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, additional 26 
protection of LWD recruitment potential would be provided by beginning the RMZ at the 27 
outer edge of the Channel Migration Zone.  Other zones that would provide additional 28 
protection for LWD recruitment potential include measuring the RMZ from the edge of 29 
Beaver Habitat Zones and Channel Disturbance Zones.  These no-harvest zones would 30 
provide additional LWD recruitment in areas that are unprotected under either scenario of 31 
No Action Alternative 1.  Also, because of the relatively wide RMZs under Alternative 4, 32 
the likelihood for blowdown within RMZs would be slightly lower compared to No 33 
Action Alternative 1-Scenario 1, and much lower than No Action Alternative 1-Scenario 34 
2 (Pollock and Kennard 1998). 35 

For all three stream types, no harvest would be allowed within the RMZ except for 36 
specific cases, which include:  1) converting a hardwood-dominated stand to one that is 37 
conifer-dominated, or 2) facilitating the development of 200 year-old stand conditions.  38 
As a result, most if not all of the LWD recruitment potential (described above) would be 39 
maintained unless stand manipulation was deemed necessary to improve riparian 40 
condition and function.  41 
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Under both the 100-year and 250-year site potential tree height assumptions, the 1 
equivalent buffer area index analysis suggests that Alternative 4 would provide 100 2 
percent of the LWD recruitment potential to fish-bearing streams (i.e., those less than 20 3 
percent gradient) (Figures 4.7-7 and 4.7-9).  Although the higher gradient streams would 4 
not fully meet the one site potential tree height width to provide complete recruitment 5 
potential, virtually all high gradient streams (i.e., those greater than 20 percent gradient) 6 
are non-fish-bearing streams.  7 

Using growth modeling, tree diameters clearly increase at a faster rate when thinning is 8 
implemented.  Therefore, within riparian stands adjacent to larger streams, thinning as 9 
provided by Option 1 of No Action Alternative 1-Scenario 1 may be important to 10 
increase tree growth rate depending on the channel condition.  However, along smaller 11 
fish-bearing and non-fish-bearing streams that do not necessarily benefit from thinning, 12 
Alternative 4 would provide the highest LWD recruitment potential of all the alternatives. 13 

Eastside.  Silvicultural prescriptions in RMZs are the same on the eastside as on the 14 
westside, although site potential tree height would be less than on the westside.  15 
Therefore, there would be some differences in the level of protection for LWD 16 
recruitment potential.  On the eastside, Alternative 4 would provide full LWD 17 
recruitment potential for streams less than 20 percent gradient on all site classes through 18 
the designation of a 200-foot RMZ.  This would apply to both the 100-year and 250-year 19 
site potential tree height assumptions.   20 

For non-fish-bearing streams on Site Class II and III lands, LWD recruitment potential 21 
would range from 97 to 100 percent of full potential on perennial streams and between 93 22 
and 99 percent for seasonal streams, depending on the site potential tree height 23 
assumption.  Similar to No Action Alternative 1-Scenario 1, additional protection of 24 
LWD recruitment potential would be provided by beginning the RMZ at the outer edge of 25 
the Channel Migration Zone and by requiring no-harvest within the Channel Migration 26 
Zone.  Other zones that would provide additional protection of recruitment potential 27 
include measuring the RMZ from the edge of Beaver Habitat Zones and Channel 28 
Disturbance Zones where they apply.  Also, because of the relatively wide RMZs under 29 
Alternative 4, the likelihood of RMZ blowdown would be relatively low (Pollock and 30 
Kennard 1998). 31 

For all three stream types, no harvest could occur within RMZs except for specific cases, 32 
which are described above under the Westside discussion.  As a result, most if not all of 33 
the LWD recruitment potential (described above) would be maintained unless stand 34 
manipulation was deemed necessary to improve riparian condition and function.  35 

Similar to the westside, under both the 100-year site potential tree height and 250-year 36 
site potential tree height assumptions, the equivalent buffer area index suggests 37 
Alternative 4 would provide the highest level of recruitment potential compared to No 38 
Action Alternative 1-Scenario 2, No Action Alternative 1-Scenario 1, and Alternatives 2 39 
and 3 (Figure 4.7-8 and 4.7-10).   40 
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The major differences in the two site potential tree height assumptions would occur along 1 
steeper (greater than 20 percent gradient) channels that are generally (but not always) 2 
non-fish-bearing streams.  In particular, the equivalent buffer area index for all streams 3 
demonstrates almost complete protection under the 100-year site potential tree height 4 
assumption and almost complete protection for fish-bearing streams under the 250-year 5 
site potential tree height assumption as well.  These results are primarily due to the fact 6 
that, although high gradient stream RMZ width would be less than one site potential tree 7 
height, most of the LWD recruitment potential would exist within 70 feet of the stream.  8 
In addition, a large proportion of seasonal streams (defined under No Action Alternative 9 
1-Scenario 1), which make up a large proportion of stream miles across the landscape, 10 
would fall within the 0 to 20 percent gradient category and therefore, receive a 200-foot, 11 
no-harvest RMZ. 12 

Stream Shade 13 
The effects of the alternatives on stream shade are analyzed in this subsection.  In reading 14 
this analysis, it should be remembered from Chapter 2 (Alternatives) that under the No 15 
Action Alternative no ITPs or ESA Section 4(d) take authorization would be issued.  16 
However, this lack of action would likely affect the Forest Practices Regulatory Program 17 
in a way that is difficult to predict.  Therefore, two scenarios, which represent the 18 
endpoints of the reasonable range of possible outcomes for the Forest Practices 19 
Regulatory Program, have been defined (subsection 2.3.1, Alternative 1 (No Action)) to 20 
represent the No-Action Alternative.  The effects of No Action are displayed for both of 21 
these endpoints in the following subsections, but the actual outcome and the actual effects 22 
of No Action on stream shade are likely to fall between these two scenarios. 23 

Overview of Effects 24 
An overview of the effects of the alternatives on stream shade is presented in this 25 
subsection.  Stream shade has already been greatly reduced along many streams within 26 
the State due to historical logging practices, as well as other land uses (e.g., agriculture, 27 
urbanization) (subsection 3.7.1.6, Historic Protection of Riparian Areas, and subsection 28 
3.7.1.7, Current Condition of Riparian Areas).  However, the current Washington Forest 29 
Practices Rules, as well as the January 1, 1999 Washington Forest Practices Rules, 30 
provide for substantially more shade retention than was provided historically, especially 31 
along fish-bearing streams.  Therefore, the amount of shade produced within riparian 32 
zones on covered forestlands is increasing due to tree growth and because the rules under 33 
any of the alternatives would result in the retention of most existing stream shade along 34 
fish-bearing streams during harvest operations.  This means that shade along fish-bearing 35 
streams would be expected to increase under any of the alternatives, relative to baseline 36 
conditions.  Along non-fish-bearing streams, the amount of shade would likely remain 37 
close to baseline conditions or increase depending on the alternative.  Note that increases 38 
in shade due to tree growth would be very slow to occur and would represent long-term 39 
improvements.  Changes in shade due to greater retention during harvest operations can 40 
have positive effects over the short-term as well as long-term.  The following paragraph 41 
summarizes the degree to which each alternative is expected to affect shade levels. 42 
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Because of the shade rule, No Action Alternative 1-Scenario 2 would result in a moderate 1 
reduction in shade along fish-bearing streams relative to all other alternatives.  The lack 2 
of a shade rule for non-fish-bearing streams would greatly reduce shade along these 3 
streams.  Of all the alternatives, No Action Alternative 1-Scenario 2 would provide the 4 
lowest level of shade protection. 5 

The amount of shade retention along fish-bearing streams would be slightly higher under 6 
No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, relative to No 7 
Action Alternative 1-Scenario 2, as a result of wider RMZs and higher leave tree 8 
requirements.  RMZs along Np streams and the protection of unstable landforms and 9 
other sensitive sites would provide increased shade retention along non-fish-bearing 10 
streams relative to No Action Alternative 1-Scenario 2.  Compared to Alternative 4, No 11 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3 provide slightly less shade 12 
along fish-bearing streams and moderately less shade along non-fish-bearing streams.   13 

Under Alternative 4, the amount of shade retention would be increased relative to No 14 
Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, but would be only 15 
slightly increased along fish-bearing streams (since most shade would already be 16 
protected under these alternatives).  Shade levels along non-fish-bearing streams would 17 
be moderately higher under Alternative 4 relative to No Action Alternative 1-Scenario 1 18 
and Alternatives 2 and 3.  The amount of shade retention provided by Alternative 4 19 
would be substantially higher for all streams compared to No Action Alternative 1-20 
Scenario 2.   21 

The comparisons among the alternatives described in the preceding paragraphs would 22 
hold true for both western and eastern Washington.  A detailed analysis of the 23 
alternatives is presented in the following subsections.   24 

Detailed Effects Analysis 25 
No Action Alternative 1-Scenario 2 26 
Westside:  Type 1, 2, and 3 Waters.  The evaluation criterion for stream shade is 0.75 27 
site potential tree height, which represents full protection (Figure 4.7-3).  Generally, trees 28 
closer to the stream would be more likely to provide shade than those farther away 29 
(Figure 4.7-3).  On the westside, a 0.75 site potential tree height, which would range from 30 
68 to 150 feet based on the 100-year site potential tree height and 75 to 185 feet based on 31 
the 250-year site potential tree height, would provide full protection for stream shade 32 
along Type 1-3 streams.  Along most Type 1, 2, and 3 streams, the RMZ widths would 33 
not meet this requirement under No Action Alternative 1-Scenario 2.  The few exceptions 34 
would be primarily where maximum RMZ widths are applied to low site classes.  35 

The RMZs under this alternative would be, for the most part, less than the evaluation 36 
criterion used for stream shade (0.75 site potential tree height).  Also, some tree removal 37 
could occur within the RMZ, which may reduce shade, although the shade rule would 38 
specify the conditions under which trees can be removed (WAC 222-30-040).  However, 39 
these conditions suggest that full shade would not be provided in most cases.  This has 40 
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the potential to allow some increase in stream temperatures relative to fully shaded 1 
conditions. 2 

Under No Action Alternative 1-Scenario 2, the Washington Forest Practices Rules would 3 
include the shade rule, which would be designed to retain shade so water temperatures 4 
will not exceed State water quality standards.  As guidance for meeting the requirements 5 
of the shade rule, the Washington Forest Practices Board Manual would include a shade 6 
screening tool and, if necessary, water temperature modeling to determine the likely 7 
effect of reducing shade levels.  The shade rule would require maintenance of specific 8 
shade levels depending upon the waterbody class (Class A or AA, designated by 9 
Ecology) and elevation.  The screening tool would use overhead canopy closure 10 
(measured mid-stream using a spherical densiometer) as an index for shade.  Depending 11 
on elevation (particularly lower elevations) there would be increased shade requirements 12 
along Type 1-3 streams due to the implementation of the shade rule.  As a result, the 13 
width of the RMZ and leave tree requirements within the RMZ may increase to the 14 
maximum and shade levels are likely to increase.  The shade rule would apply to trees 15 
within the RMZ, which would range in width from 25 to 100 feet for Type 1-3 waters. 16 

In tests of the shade screening tool, Rashin and Graber (1992) found that the screening 17 
tool was effective at seven of the nine sites examined (excluding those with flow loss 18 
within the reach).  These results suggest that some streams may not be fully protected 19 
from increases in temperature even with implementation of the shade rule guidelines.  20 
The results from Rashin and Graber (1992) also suggested that prior to implementation of 21 
the shade rule, low elevation streams less than 1,640 feet were at higher risk of exceeding 22 
water quality standards than higher elevation streams.  It is not known to what degree the 23 
shade rule has been effective at protecting these low elevation streams.   24 

Currently, the majority of trees in riparian zones are in early-seral stages (Table 3-18 and 25 
3-19).  Therefore, many riparian areas may not provide effective shade under existing 26 
conditions, and it may take many years before riparian stands will be capable of 27 
providing adequate shade.  However, because there is no limitation on entry into RMZs 28 
under No Action Alternative 1-Scenario 2, it is likely that many stands would be 29 
harvested again during the next rotation, prior to or near the time that riparian stands 30 
approach full shade function. 31 

Westside: Type 4 and 5 Waters.  Under No Action Alternative 1-Scenario 2, RMZs 32 
would not be required for Type 4 waters except under limited site-specific conditions or 33 
where stream-adjacent unstable slopes are protected through tree retention.  Therefore, in 34 
most cases, RMZs for Type 4 streams would not meet the minimum widths required to 35 
maintain adequate shade. 36 

Type 4 streams are most susceptible to alteration in shade since there are no RMZ or 37 
leave tree requirements.  Temperature effects in some Type 4 streams are likely to be 38 
partially mitigated due to the fact that smaller streams can be partially or fully shaded 39 
with overhanging shrubs, young trees, and slash (timber harvest debris), which are not 40 
large enough to shade larger streams.   41 
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Eastside:  Type 1, 2, and 3 Waters.  A 0.75 site potential tree height, which ranges from 1 
45 to 98 feet based on the 100-year site potential tree height and from 64 to 147 feet 2 
based on the 250-year site potential tree height, is assumed to provide full shade retention 3 
on the eastside (Spence et al. 1996; FEMAT 1993).  Most RMZ widths for Type 1, 2, and 4 
3 streams would not meet this requirement since the minimum RMZ width is 30 feet, 5 
which is less than 0.75 site potential tree height for all site classes.  The few exceptions 6 
where the 0.75 site potential tree height would be met would be primarily where 7 
maximum RMZs are applied to low site classes. 8 

Similar to the westside, the potential for harvest within the RMZ under No Action 9 
Alternative 1-Scenario 2, for all stream types would increase the likelihood that shade 10 
will be further reduced.  However, the shade rule would also be implemented on the 11 
eastside, and RMZ width (30 to 300 feet) and leave tree requirements could be increased 12 
to the maximum in order to meet required shade levels.  The magnitude of temperature 13 
increases resulting from canopy removal on the eastside might be expected to be slightly 14 
less than for the westside because more open forest types (e.g., ponderosa pine) provide 15 
less shading than coastal and western Cascade forests.  However, many streams east of 16 
the Cascades approach the maximum thermal tolerance level for salmonids during the 17 
summer, and these smaller increases in temperature might be equally or more detrimental 18 
to salmonids. 19 

Similar to the westside, a majority of riparian stands are currently in early-seral stages, 20 
and most of the remaining stands are in a mid-seral stage condition (Table 3-19).  The 21 
younger stands are not expected to provide shade that provides adequate function in the 22 
short-term.  Similar to the westside, the riparian stands would likely be harvested again 23 
before reaching adequate shade along all streams.  However, because the rotation is 24 
longer in eastern Washington than on the westside, a greater proportion of the landscape 25 
would likely be functioning prior to the subsequent rotation. 26 

Eastside: Type 4 and 5 Waters.  Under No Action Alternative 1-Scenario 2, RMZs 27 
would not be required for Type 4 and 5 streams, except for limited site-specific 28 
conditions and in cases where unstable slopes protection results in tree retention along 29 
non-fish-bearing streams.  Therefore, in most cases, RMZs for Type 4 and 5 streams 30 
would be less than the minimum buffer width required for adequate retention of shade. 31 

The greatest potential for adverse effects is for Type 4 and 5 streams with no leave tree 32 
requirement and consequently no provisions for retention of shade.  However, for many 33 
Type 4 and 5 streams, the loss of shade would be somewhat mitigated because 34 
overhanging shrubs, young trees, and slash are thought to provide effective shade.  In 35 
addition, selective harvest is the main silvicultural strategy (approximately 60 percent of 36 
the landbase) applied to the eastside (Personal Communication, Charlene Rodgers, 37 
Washington DNR, April 6, 2004).  Therefore, some protection may be provided even if 38 
no RMZ is established.  Overall, however, the lack of RMZs on Type 4 streams would 39 
not meet the level recommended for minimum protection, at least in the short- and mid-40 
term.   41 



 
 
 
 
 
 

Final EIS Riparian and Wetland Processes 

 
4-137

Chapter 4 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 1 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 2 
the adaptive management programs among this group of alternatives (No Action 3 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 4 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 5 

Westside: Type S and F Streams.  Under No Action Alternative 1-Scenario 1 and 6 
Alternatives 2 and 3, the Type S and F RMZ widths under the 100-year site potential tree 7 
height and 250-year assumptions would nominally exceed the width recommended in the 8 
literature to provide complete shade  if considering only the RMZ width and not the RMZ 9 
prescriptions.  However, a substantial portion of inner and outer zone trees could be 10 
harvested.  Consequently some level of shade reduction would be expected under No 11 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3.  Nevertheless, the cumulative 12 
percent curve for shade (Figure 4.7-3) shows that the relationship between buffer width 13 
and potential shade is non-linear, with more shade provided from trees closer to the 14 
stream.  For example, approximately 75 percent of shade effectiveness is within 0.5 site 15 
potential tree height.  In addition, RMZ widths begin at the edge of the Channel 16 
Migration Zone where they are present, which provides additional protection to 17 
vegetation in close proximity to the stream.  Also, the shade rule would require that 18 
minimum shade levels be maintained to meet State water temperature standards.  19 
Additionally, it would be required that all trees within 75 feet of the stream (or Channel 20 
Migration Zone) that contribute to minimum shade levels be retained.   21 

While exempt 20-acre parcels would have less protective RMZ requirements, they would 22 
be required to follow the shade rule.  Therefore, RMZs on exempt parcels would be 23 
required to include enough trees to meet the minimum shade requirements for achieving 24 
State water temperature standards.  However, exempt parcel RMZs would still not meet 25 
the 0.75 site potential tree height evaluation criteria for full shade protection.   26 

The no-harvest zones adjacent to the stream or Channel Migration Zone would range 27 
from 50 feet under Option 1 (thinning from below) to 80 to 100 feet under Option 2 28 
(leaving trees closest to the water).  A 50-foot no-harvest RMZ would be expected to 29 
provide 53 to 91 percent of full shade based on the 100-year site potential tree height and 30 
from 44 to 86 percent of full shade based on the 250-year site potential tree height, 31 
depending upon site class.  Under Option 2, an 80-foot no-harvest zone would provide 32 
between 75 and 100 percent of full shade based on the 100-year site potential tree height 33 
and from 64 to 100 percent based on the 250-year site potential tree height.  A 100-foot 34 
no-harvest zone would provide between 86 and 100 percent (100-year site potential tree 35 
height) or 76 and 100 percent (250-year site potential tree height) of full shade.  Because 36 
no harvest would be allowed in the core zone, all available shade within 50 feet of the 37 
stream (or Channel Migration Zone) would be retained along Type S and F waters. 38 

Under Option 1, besides the core zone adjacent to the stream or Channel Migration Zone, 39 
the inner zone would extend out to 0.66 of the 100-year site potential tree height for 40 
streams less than or equal to 10 feet wide and to 0.75 of the 100-year site potential tree 41 
height for streams greater than 10 feet wide.  These widths would equate to 0.54 and 0.61 42 
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site potential tree height for small and large streams, respectively, based on the 250-year 1 
site potential tree height for Site Classes I-IV.  The combined core and inner zone width 2 
would exceed 100 feet for Site Class I and II soils and Site Class III soils for streams 3 
greater than 10 feet wide.  However, no data exists in the literature that demonstrates the 4 
level of shade retention that is available from the combination of a no-harvest zone (i.e., 5 
core) and a selective harvest zone (i.e., inner).  The selective harvest that would occur 6 
within the inner zone of Option 1 would leave the largest, and therefore the tallest, trees 7 
which have the highest likelihood to provide shade.  It is possible that under some 8 
circumstances leave trees in the outer zone would also provide shade, but this would 9 
likely be minimal or none in most cases. 10 

Similar to No Action Alternative 1-Scenario 2, No Action Alternative 1-Scenario 1 and 11 
Alternatives 2 and 3 would include the shade rule.  The rule would require that minimum 12 
shade levels be met within the RMZ to meet State water temperature standards.  13 
However, the shade rule would be implemented slightly differently under these 14 
alternatives compared to No Action Alternative 1-Scenario 2.   15 

Under No Action Alternative 1-Scenario 2 the shade rule would apply to trees up to the 16 
maximum RMZ width for that stream type and width. Under No Action Alternative 1-17 
Scenario 1 and Alternatives 2 and 3, the shade rule would apply to the area within 75 feet 18 
of the stream or Channel Migration Zone.  In addition, canopy closure measurements 19 
would be made at the edge of the Channel Migration Zone when it is present or, 20 
otherwise, measurements would be made mid-stream.  Nevertheless, it is unclear to what 21 
extent the shade rule would actually contribute additional shade retention when 22 
implemented because most shade producing trees that would be retained by the shade 23 
rule would already be protected by the no-harvest core zone, the “thin from below” 24 
requirements under Option 1, and the no-harvest portions of the inner zone under Option 25 
2.  Similar to all other alternatives, reductions in shade would occur from yarding 26 
corridors and roads located in or across the RMZ. 27 

All factors considered, the overall RMZ effectiveness for providing shade protection to 28 
Type S and F streams under these alternatives is moderate to high based upon the 29 
FEMAT (1993) shade curve, but high under most situations. Consequently, the likelihood 30 
of negative temperature effects is considered low to moderate.  No-harvest buffers 100 31 
feet wide have been suggested to have similar levels of shade retention as old-growth 32 
forests in western Oregon and Washington (Murphy 1995; Johnson and Ryba 1992), and 33 
this width would be met under many Option 2 situations.  In addition, if the channel shifts 34 
within the Channel Migration Zone, the stream would still be provided shade. 35 

The large proportion of RMZs that are in early-seral stages are not expected to reach full 36 
shade capacity within the short-term (Tables 3-18 and 3-19), and some of these stands are 37 
under-stocked by conifers and dominated by hardwoods.  Many mid-seral stands would 38 
develop to a point where canopy closure would be sufficient to produce shade 39 
comparable to a late-seral stand in 20 or so years (Table 4.7-2); however, core zones that 40 
are developing as under-stocked, hardwood-dominated stands may not attain shade levels 41 



 
 
 
 
 
 

Final EIS Riparian and Wetland Processes 

 
4-139

Chapter 4 
typical of an old-growth conifer forest (Washington Forest Practices Board 2001a).  1 
Consequently, even no-harvest zones may not meet long-term shade needs. 2 

Westside: Type N Streams.  At least 50 percent of the Type Np stream length would be 3 
protected with a 50-foot RMZ under No Action Alternative 1-Scenario 1, Alternative 2, 4 
and Alternative 3, which would meet the small stream width criterion.  Sensitive sites 5 
(which include seeps, springs, perennial initiation points, and others) would also receive 6 
protection from 50-foot RMZs.  In addition, a 50-foot RMZ would be required for the 7 
first 500 feet upstream of the confluence with a Type F or S stream.  These 50-foot RMZs 8 
would provide 53 to 91 percent of full shade protection based on the 100-year site 9 
potential tree height and from 44 to 86 percent of full shade based on the 250-year site 10 
potential tree height, depending upon site class.  Higher levels of shade may be retained 11 
along Type Np stream reaches where the protection of stream-adjacent unstable slopes 12 
results in the retention of no- or limited-harvest buffers.  Because many unstable 13 
landforms (e.g., inner gorges, channel heads, bedrock hollows) are often located in close 14 
proximity to non-fish-bearing waters, there is a high likelihood (particularly in western 15 
Washington) that additional shade would be retained along Type Np streams as a result of 16 
unstable slopes protection.  For all other Type N streams, no RMZ would be provided 17 
and, therefore, no shade protection is guaranteed, although some shade would be 18 
maintained from understory vegetation. 19 

The greatest potential for shade reduction would be along the portion of Np streams that 20 
have no leave tree requirement, resulting in even-aged timber harvest adjacent to the 21 
stream and no shade protection.  Similar to Type 4 waters under No Action Alternative 1-22 
Scenario 2, these streams would not receive adequate shade protection, at least in the 23 
short term, which could result in water temperature increases.  24 

However, the potential for increased temperatures would be partially mitigated by 25 
overhanging shrubs and young trees, which provide effective shade for Type Np waters in 26 
many cases.  As discussed above, at least 50 percent of these streams would be provided 27 
50-foot no-harvest RMZs.  The intent of the 50-foot no-harvest RMZs along the lower 28 
500 feet of Type Np streams would be to allow water temperatures to equilibrate to 29 
shaded conditions prior to mixing with, or becoming, a Type F or S stream.  Also, as 30 
observed from current harvest practices, many additional Np and Ns streams would 31 
receive additional protection due to restrictions on forest practices activities on unstable 32 
slopes, where many of these streams are located (Personal Communication, Jeff Grizzel, 33 
Washington DNR, April 6, 2004).  There is a moderate level of uncertainty that the 34 
cumulative protection for Type Np waters would be effective at providing adequate shade 35 
for these small streams.  Consequently, this is a priority research topic under the adaptive 36 
management program under the current Washington Forest Practices Rules.  37 

In watersheds with high proportions of exempt 20-acre parcels, the lack of RMZs on all 38 
Type 4 and 5 streams required under No Action Alternative 1-Scenario 1 and 39 
Alternatives 2 and 3, would increase the likelihood of adverse temperature effects.  These 40 
effects on Type N streams could also be transferred to downstream fish-bearing streams 41 
until stream temperatures equilibrated with local environmental conditions. 42 



 
 
 
 
 
 

Riparian and Wetland Processes Final EIS 
 

4-140

 Chapter 4 
Eastside:  Type S and F Streams.  Under No Action Alternative 1-Scenario 1 and 1 
Alternatives 2 and 3, the total RMZ widths would nominally exceed the evaluation 2 
criteria for widths recommended in the literature for shade along Type S and F streams, 3 
but would include both no-harvest and partial cut silvicultural prescriptions.  The 30-foot 4 
no-harvest core zone adjacent to the stream or Channel Migration Zone would provide 5 
between 49 and 86 percent of full shade based on the 100-year site potential tree height 6 
and between 35 and 69 percent of full shade based on the 250-year site potential tree 7 
height.  Inner zone widths would be 45 feet for streams less than or equal to 15 feet wide 8 
and 70 feet for streams greater than 15 feet wide.  In cases where the inner zone is treated 9 
as no-harvest, 75 feet would provide between 93 and 100 percent of full shade based on 10 
the 100-year site potential tree height, and between 73 and 100 percent based on the 250-11 
year site potential tree height.  A 100-foot buffer would provide 100 percent of full shade 12 
based on the 100-year site potential tree height and between 87 and 100 percent of full 13 
shade based on the 250-year site potential tree height.  However, some reduction in shade 14 
would occur in many cases because some harvest would be allowed within the inner 15 
zone.  Leave tree requirements for inner zones would be dependent upon habitat type 16 
(ponderosa pine, mixed conifer, or high elevation) and site class.  Leave trees would 17 
include 21 to 50 of the largest, and consequently tallest, trees per acre in the ponderosa 18 
pine and mixed conifer habitat types.  The high elevation timber habitat type would 19 
follow the “thin from below” prescriptions used in western Washington. 20 

There is a moderate level of uncertainty that leave tree requirements in the inner zone 21 
would provide adequate shade protection, particularly if the core zone is not fully 22 
stocked.  In regions with higher ambient air temperature, any shade reduction could 23 
increase the likelihood of adverse temperature effects (subsection 4.4.2.2, Evaluation of 24 
Alternatives).  However, other prescriptions may reduce this uncertainty, including 25 
implementation of the “all available shade” rule within the bull trout overlay.  This rule 26 
would require that all available shade within 75 feet of the stream edge or Channel 27 
Migration Zone be retained on Type S and F streams located within the bull trout overlay.  28 
All available shade would be equivalent to the existing pre-harvest canopy closure, which 29 
is measured with a densiometer (See above).  30 

Under the shade rule, areas within the bull trout overlay, an additional 45 feet outside the 31 
core zone (75 feet total) would be prescribed to maintain all available shade.  This does 32 
not necessarily imply no-harvest since the level of additional protection would be highly 33 
site specific.  As discussed previously for the westside, the shade rule would be based 34 
upon canopy closure and shade protection under the bull trout overlay would be 35 
implemented similarly.  The shade rule would protect existing shade rather than potential 36 
future shade.  Consequently, some inner zone trees (or trees within 75 feet of the stream 37 
within the bull trout overlay) could be harvested because they do not currently provide 38 
shade, but could if they were taller.  This limitation of the rule would be more important 39 
on the eastside than the westside because stands tend to be more open on the eastside.   40 

In a fully stocked stand, the trees closest to the stream would provide the bulk of the 41 
shade protection with trees farther out providing relatively little additional shade.  In 42 
contrast, trees further from the stream have a higher potential to provide shade in a more 43 
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open stand.  Compared to the westside, there would be a greater likelihood that the shade 1 
rule would protect additional shade producing trees on the eastside, particularly within 2 
the bull trout overlay, because the core zone would be narrower, and the shade rule would 3 
consequently be applied to a larger area.   4 

Also, while the 20-acre exemption lands would have narrower RMZ requirements, they 5 
would still be required to follow the shade rule.  Therefore, stream temperature could be 6 
adversely affected.  But the shade rule should moderate potential adverse effects in these 7 
sites.   8 

Similar to the westside, any yarding corridors and roads located within the RMZ would 9 
reduce shade.  All factors considered, No Action Alternative 1-Scenario 1 and 10 
Alternatives 2 and 3 would have a low to moderate likelihood of negative temperature 11 
effects along Type S and F streams.  This assessment is based on the fact that some 12 
shading would be diminished because the shade rule would only require that trees be left 13 
within 75 feet of the stream, which would be less than what is considered full shade 14 
protection based on the 0.75 site potential tree height criterion (FEMAT 1993).  It would 15 
also be based on the fact that some non-fish-bearing perennial streams would have no or 16 
limited shade protection from RMZs.  However, the basis of the shade rule would 17 
consider the likely adverse effects from increased temperature and should help mitigate 18 
negative effects.  There is a moderate level of uncertainty in the effects assessment for 19 
shade under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 because 20 
of the lack of specific information on the assessment method (actual site-specific tree 21 
height may vary among harvest sites, independent of stream temperature) and the overall 22 
effectiveness of the shade rule at regulating stream temperature. 23 

A large proportion of riparian stands are in the early-seral stages of development, so the 24 
resulting levels of shade are lower than full potential.  Most of the early-seral stages are 25 
maturing and, in the absence of harvest, increased canopy cover development over the 26 
mid-term would provide increased stream shade over most streams.   27 

Eastside: Type N Streams.  Type Np streams with 50-foot RMZs would meet the shade 28 
criterion for smaller streams (less than 5 feet).  For some other Type Np streams, no RMZ 29 
would be provided and, therefore, no overstory shade protection would be provided 30 
either. 31 

The 50-foot no-harvest RMZ along some Type Np streams would provide complete shade 32 
protection.  Type Np streams with 50-foot selective harvest RMZs would be less likely to 33 
provide complete shade protection.  However, for small Type Np streams, the likelihood 34 
for negative temperature effects would be reduced because overhanging shrubs and 35 
young trees are thought to effectively shade these streams.  Also, protection of stream-36 
adjacent unstable slopes would result in the retention of additional shade along Type Np 37 
streams in some cases.  The highest likelihood for negative temperature effects would be 38 
along Np streams that lack RMZs, similar to the westside because these streams are most 39 
susceptible to shade loss over the short and long term until new trees grow large enough.  40 



 
 
 
 
 
 

Riparian and Wetland Processes Final EIS 
 

4-142

 Chapter 4 
As is the case for the westside, under No Action Alternative 1-Scenario 1 and 1 
Alternatives 2 and 3, watersheds on the eastside with high proportions of exempt 20-acre 2 
parcels would have a higher likelihood of adverse temperature effects because no RMZs 3 
would be required for Type Np streams, and leave tree requirements would be reduced 4 
relative to the standard rules.  Water temperature increases could affect downstream fish-5 
bearing streams until temperatures reach equilibrium with local environmental 6 
conditions. 7 

Alternative 4 8 
Under Alternative 4, the 200-foot RMZs for streams with gradients of 0 to 20 percent 9 
would meet or exceed the width recommended in the literature for full protection of 10 
shade based on both the 100-year and 250-year site potential tree height.  Streams with 20 11 
to 30 percent gradient would receive a 100-foot no-harvest RMZ that would provide full 12 
shade protection based on the 100-year site potential tree height and between 87 and 100 13 
percent of full protection based on the 250-year site potential tree height.  Assuming that 14 
nearly all channels greater than 30 percent slope would be very small (less than 5 feet 15 
wide), it would be expected that nearly 100 percent would meet the 50-foot buffer 16 
criterion for small streams on both the west and eastsides with the 70-foot no-harvest 17 
RMZ.  Overall, the RMZ width provided should be sufficient to maintain most if not all 18 
sources of shade on these streams.  The recovery period for shade along early- and mid-19 
seral stage riparian stands would be similar to No Action Alternative 1-Scenario 1. 20 

Overall, most if not all shade would be protected under Alternative 4 for all streams on 21 
both the east and westsides.  In general, the no-harvest RMZs would provide a high level 22 
of protection, and would pose a low likelihood of negative temperature effects.  In 23 
addition, all RMZ widths would be less likely to be susceptible to appreciable mortality 24 
from windthrow.  Alternative 4 would provide a higher to much higher level of shade 25 
protection compared to either scenario of No Action Alternative 1 for all streams.   26 

Leaf and Needle Litter Production 27 
Overview of Effects 28 
The effects of the alternatives on leaf and needle litter delivery (i.e., “detritus;” See 29 
Glossary) are analyzed in this subsection.  Leaves and needles, as well as other biological 30 
inputs (e.g., terrestrial insects), enter the stream from riparian vegetation and supply 31 
nutrients and food to stream systems.  Due to historical harvest practices, leaf and needle 32 
litter supply has been substantially reduced.  Therefore, compared to baseline conditions, 33 
the amount of leaf and needle litter delivery and the resulting effects on riparian 34 
processes are expected to increase under any of the alternatives.  The following 35 
paragraphs address leaf and needle supply and associated effects under each alternative.   36 

No Action Alternative 1-Scenario 2 would result in moderate (Type 1, 2, and 3 waters) to 37 
very high (for Type 4 and 5 waters) reductions in leaf and needle litter recruitment 38 
potential relative to all other alternatives. However, negative effects on aquatic food and 39 
nutrient supply would be less likely, as some early-successional trees, shrubs, and 40 
herbaceous plants supply leaf and needle litter and other detritus that may be of high 41 
quality as food and nutrient sources.  The amount and quality depends on the type of re-42 
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growth (e.g., alder leaves appear to be high quality) that occurs.  Also, increased short-1 
term autochthonous production (See Glossary) following harvesting would be expected to 2 
supplement allocthonous food sources (See Glossary) such as leaf and needle fall. 3 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide high (for 4 
Type S and F waters) to moderate (for Type N waters) levels of leaf and needle litter 5 
recruitment potential compared to No Action Alternative 1-Scenario 2.  The supply of 6 
leaf and needle litter would be expected to be the same among No Action Alternative 1-7 
Scenario 1, Alternative 2, and Alternative 3 since the rules among the alternatives are the 8 
same.  Like No Action Alternative 1-Scenario 2, these alternatives would compensate for 9 
reduced coniferous leaf and needle litter through non-coniferous riparian vegetation along 10 
streams, reducing the likelihood for negative effects. 11 

Alternative 4 would provide the highest level of leaf and needle litter recruitment 12 
potential of all the alternatives.  Alternative 4 would provide much greater leaf and 13 
needle recruitment than No Action Alternative 1-Scenario 2 and slightly greater 14 
recruitment than No Action Alternative 1-Scenario 1.  The likelihood for negative effects 15 
associated with reductions or changes in leaf and needle supply would be very low under 16 
Alternative 4.  17 

Detailed Effects Analysis 18 
No Action Alternative 1-Scenario 2 19 
Westside.  A 0.5 site potential tree height, which ranges from 45 to 100 feet depending 20 
on site class based on the 100-year site potential tree height and from 50 to 124 feet based 21 
on the 250-year site potential tree height, is considered to provide full protection for leaf 22 
and needle litter inputs based on FEMAT (1993).  For January 1, 1999 Washington 23 
Forest Practices Rules, depending on site class, full protection would be provided based 24 
on maximum RMZ widths for Type 1, 2, and 3 streams.  However, the minimum RMZ 25 
width of 25 feet would not meet the 0.5 site potential tree height required for complete 26 
protection of leaf and needle litter (Figure 4.7-2).   27 

For each stream type, RMZ width could vary between the minimum and maximum 28 
values, depending on the extent of wetland vegetation or the width needed to meet shade 29 
requirements.  For Type 4 and 5 waters, RMZs would not be required except for site-30 
specific conditions and, in all cases, would not exceed 25 feet.  Therefore, RMZs for 31 
Type 4 and 5 streams would not meet the 0.5 site potential tree height required for 32 
complete protection. 33 

Under No Action Alternative 1-Scenario 2, leaf and needle litter recruitment would be 34 
compromised along Type 1 through 3 streams because the January 1, 1999 Washington 35 
Forest Practices Rules allow substantial reduction in overstory conifers and hardwood 36 
removal through selective harvest within the RMZ, thus reducing the biomass that would 37 
likely be recruited.  For streams with RMZs that do not meet the 0.5 site potential tree 38 
height criterion combined with the selective harvest prescriptions, the likelihood for 39 
reduced leaf and needle litter recruitment would increase.  The likelihood would be 40 
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further increased when both the required RMZ width is not met and selective harvest is 1 
allowed within the RMZ.  2 

Further reductions in leaf and needle recruitment would be associated with Type 4 and 5 3 
streams that lack an RMZ or leave-tree requirement.  The size and morphology of small 4 
low-order streams greatly influences the deposition and processing of organic materials.  5 
Litter is primarily deposited in small steep-gradient streams in forested areas high in a 6 
watershed.  Small (low-order) streams are important to the productivity of larger (high-7 
order) stream in lower reaches of the watershed because they are a major source of 8 
organic material (IMST 1999).  The exact proportion of detrital production that comes 9 
from Type 4 and 5 streams is poorly documented in the literature; however, it may be 10 
important to overall productivity.  The lack of RMZs on Type 4 and 5 streams would not 11 
meet the protection recommended for detrital input needs, at least in the short term, and 12 
probably only in localized areas while vegetation grows back. 13 

There would likely be an interruption of detrital inputs (i.e., fine organic matter; often 14 
leaves, needles, and small sticks) and terrestrial insects to Type 4 and 5 streams until the 15 
riparian forest becomes reestablished after harvest.  Riparian stands would then produce 16 
some leaf and needle litter, although production might not reach full potential in the short 17 
or long term.  In addition, the type of the litter may be different than that provided by pre-18 
harvest stands because of shifts in the ratio of coniferous versus deciduous vegetation.  19 
The type of detrital input can affect not only its nutritional value, but also the amount of 20 
time needed for decomposition (Gregory et al. 1987).   21 

In some cases detrital input has been found to be quite high shortly after clearcutting 22 
(within 5 years) depending on the type of riparian vegetation that develops (such as red 23 
alder) although still lower than old-growth input (Piccolo and Wipfli 20021; Bilby and 24 
Bisson 1992).  Also, as the forest develops, possibly progressing through a deciduous 25 
forest stage to a young coniferous forest and finally to mature and old-growth forest, the 26 
type and amount of detrital input changes both in type and amount, often with a decrease 27 
in supply during the young conifer stage (Piccolo and Wipfli 2002).  The degree to which 28 
leaf and needle litter composition is altered is difficult to determine because: 1) timber 29 
harvest occurs in localized areas at varying times within a watershed, and 2) all seral 30 
stages provide some level of leaf and needle input, although in varying quantities. 31 

Currently, most riparian vegetation is in early to mid-seral stages (Tables 3-18 and 3-19).  32 
Stand age significantly influences detrital input to a stream system.  Therefore, these 33 
stands will not produce leaf and needle litter in quantities that approach natural 34 
background levels in the short term (Table 4.7-2).  Mid-seral stands would develop to the 35 
point that canopy structure would be sufficient to produce leaf and needle litter 36 
comparable to a late-seral stand near the end of a 50-year period (Table 4.7-2).  As a 37 
result, just as the stand is meeting detrital input production levels, the stand would likely 38 
be harvested again for the next rotation, never allowing complete return to pre-harvest 39 
production levels.   40 

Eastside.  A 0.5 site potential tree height, which ranges from 30 to 65 feet, depending on 41 
site class based on the 100-year site potential tree height and from 43 to 98 feet based on 42 
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the 250-year site potential tree height, would be considered to provide full protection of 1 
leaf and litter inputs on the eastside.  Under January 1, 1999 Washington Forest Practices 2 
Rules in eastern Washington, full protection would be provided based on the maximum 3 
and average RMZ widths for Type 1, 2, and 3 streams.  The only exception is for Site 4 
Class I, which would require a wider RMZ to meet the 0.5 site potential tree height 5 
necessary for complete protection.  The minimum RMZ width of 30 feet only meets the 6 
0.5 site potential tree height criterion for Site Class V sites based on the 100-year site 7 
potential tree height (Figure 4.7-2).  RMZs are not required for Type 4 and 5 waters and, 8 
therefore, these streams do not meet the 0.5 site potential tree height required for 9 
complete protection.   10 

As for the westside, the possibility of harvest activity within the RMZ under No Action 11 
Alternative 1-Scenario 2 for all stream types leaves the possibility that leaf and needle 12 
litter production would be compromised.  The greatest reductions would be associated 13 
with Type 4 and 5 streams that lack a leave tree requirement and where timber harvest 14 
could occur adjacent to the stream.  The lack of an RMZ on these smaller streams would 15 
indicate that Type 4 and 5 waters receive no protection of leaf and needle litter 16 
recruitment.  However, uneven-aged (partial cut) timber harvest strategies are the most 17 
common harvest method used on the eastside (about 60 percent of eastside forestland) 18 
(Personal Communication, Charlene Rodgers, Washington DNR, April 6, 2004).  19 
Therefore, some incidental protection would exist even if no RMZ is applied.  Overall, 20 
the lack of RMZs on Type 4 and 5 streams would not meet the level required for full 21 
protection of leaf and needle litter input, at least in the short term, and probably in most 22 
areas for the mid- and long-term. 23 

Currently, most riparian vegetation is in early-seral and mid-seral stages (Tables 3-18 and 24 
3-19).  These young stands would not be producing leaf and needle litter that approach 25 
pre-harvest levels in the short term (Table 4.7-2).  Similar to the westside, most stands 26 
would likely be entered again prior to the complete return of detrital production. 27 

No Action Alternative 1-Scenario 1, Alternatives 2 and 3 28 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 29 
the adaptive management programs among this group of alternatives (No Action 30 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 31 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 32 

Westside.  Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 the 33 
overall RMZ widths would exceed the evaluation criteria for widths recommended in the 34 
literature for leaf and needle litter production for Type S and F streams.  Type Np streams 35 
with a 50-foot RMZ would receive most of the protection required to maintain leaf and 36 
needle litter input, but not at the level recommended by the literature for full protection.  37 
For some portions of Type Np and Ns streams, no RMZ would be provided and, therefore, 38 
no protection of leaf and needle litter would be provided. 39 

The no-harvest zone would range from 50 feet under Option 1 to between 80 and 100 feet 40 
under Option 2 and would maintain most leaf and needle litter input along Type S and F 41 
streams.  In addition, harvesting within the inner zone would not be expected to 42 
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appreciably reduce the capacity of the RMZ to contribute leaf and needle litter, especially 1 
when combined with the core zone no-harvest area.  These RMZs would provide 2 
continuous inputs for leaf and needle litter to streams and would allow the maintenance 3 
of stream productivity in the short and long term depending on the stand age and 4 
structure.  5 

The greatest reductions in leaf and needle input would be along Type Np and Ns streams 6 
that have no leave tree requirement along some of their lengths due to even-aged timber 7 
harvest adjacent to the stream.  However, implementation of the rules under No Action 8 
Alternative 1-Scenario 1 and Alternatives 2 and 3 related to operations on unstable slopes 9 
would result in the protection of many streams located in close proximity to unstable 10 
areas (Personal Communication, Jeff Grizzel, Washington DNR, April 6, 2004).  While 11 
the lack of an RMZ requirement on most of these smaller streams would indicate that 12 
these waters receive little protection of leaf and needle litter recruitment, the application 13 
of the unstable slopes rules and the RMZ requirement on portions of Np streams would 14 
maintain the sources of much natural detrital input.  While some protection would occur, 15 
these streams would not meet the requirements for adequate protection of detrital input, at 16 
least in the short term, and probably only in localized areas while vegetation grows back.  17 
Similar to No Action Alternative 1-Scenario 2, a shift in the initial type of detrital input 18 
would be expected from coniferous needles to deciduous vegetation in many areas.   19 

Because of the large proportion of RMZs that are in early- and mid-seral stages, they 20 
would not be expected to produce leaf and needle litter that approaches pre-harvest levels 21 
in the short term (Tables 3-18 and 3-19).  Mid-seral stands would develop to the point 22 
that canopy closure would be sufficient to produce leaf and needle litter comparable to 23 
late-seral stands near the end of a 50-year period (Table 4.7-2).  Because RMZs would 24 
not be re-entered until the DFC was met, most stands would have the opportunity to 25 
return to natural production levels over the long-term. 26 

Eastside.  Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, all RMZ 27 
widths for Type S and F streams would exceed the 0.5 site potential tree height 28 
recommended in the literature for leaf and needle litter production.  For Type Np streams 29 
that receive a 50-foot RMZ, the 0.5 site potential tree height would be met for Site 30 
Classes II through V and would protect most of the Site Class I riparian areas.  Under the 31 
partial cut strategy, all Np streams would be provided with an RMZ, and under the 32 
clearcut strategy, at least 70 percent of the Np streams would be provided with an RMZ.  33 
For all other Type Np and Ns streams, no RMZ would be provided, and, therefore, no 34 
protection of leaf and needle litter would be directly provided.  However, as noted for 35 
westside streams above, unstable slope protection would provide additional protection for 36 
these streams where unstable slopes and landforms are located in streamside areas. 37 

Along Type S and F streams, the 30-foot core zone combined with the selective harvest 38 
inner zone should maintain most leaf and needle litter input.  Type S and F RMZs would 39 
provide continuous inputs of leaf and needle litter to streams and would allow the 40 
maintenance of stream productivity in the short- and long-term depending on the stand 41 
age and structure.  42 
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As described earlier, landowners must identify either a partial cut and/or clearcut strategy 1 
within the 50-foot RMZ along Type Np waters when they submit a forest practices 2 
application to Washington DNR.  When the clearcut strategy is identified along no more 3 
than 30 percent of the stream in the harvest unit, no-harvest RMZs of equal length on 4 
both sides of the stream must also be identified.  The 50-foot no-harvest RMZ along 5 
some Type Np streams and the 50-foot selective harvest RMZ along others would 6 
maintain some if not all of the leaf and needle recruitment capacity.  However, some 7 
reduction in leaf and needle recruitment would occur along Type Np streams designated 8 
for the clearcut strategy and Type Ns stream reaches without any leave tree requirements.  9 
Therefore, these streams would be most susceptible to reduced detrital inputs over the 10 
short- and long-term until new trees grow back in localized areas.  For a large proportion 11 
of the RMZs in early-seral stage, production of leaf and needle litter is currently 12 
compromised.  As a result, only over time will the increased tree biomass occur to allow 13 
for increased litter recruitment to streams. 14 

Alternative 4 15 
Statewide.  Under Alternative 4, the RMZ width for most streams (0 to 30 percent 16 
gradient) would meet or exceed the evaluation criteria for widths recommended in the 17 
literature for maintaining full leaf and needle litter recruitment potential.  In addition, 18 
there would be no harvest in the RMZs, which would provide complete protection of leaf 19 
and needle litter production. The only exceptions would be along streams with a gradient 20 
greater than 30 percent.  These high gradient streams would meet the 0.5 site potential 21 
tree height for westside Site Classes III through V and all site classes on the eastside.  22 
These streams would be protected with no-harvest RMZs 70 feet in width.  Although the 23 
exact proportion of detrital production that comes from these streams is poorly 24 
documented in the literature, it may be important to overall productivity.  However, the 25 
RMZs provided should be sufficient to maintain most the detrital inputs to these streams 26 
at or near pre-harvest conditions.  The timing for recovery of leaf and needle input along 27 
streams dominated by early and mid-seral stage riparian forests would be similar to No 28 
Action Alternative 1-Scenario 1. 29 

Overall, most if not all leaf and needle litter input would be protected for all streams 30 
statewide under Alternative 4. Alternative 4 would provide more to substantially more 31 
protection of leaf and needle input when compared to either scenario of No Action 32 
Alternative 1 for all streams.    33 

Microclimate 34 
Overview of Effects 35 
An overview of the effects of the alternatives on microclimate is presented in this 36 
subsection.  Microclimate can be greatly influenced by the size of the riparian buffer and 37 
also adjacent management practices.  For perspective, it is important to note that 38 
microclimate has already been greatly diminished from removal of trees along many 39 
streams within the State due to historical logging practices, as well as other development 40 
impacts (e.g., agriculture, urbanization) (subsection 3.7.1.6, Historic Protection of 41 
Riparian Areas, and subsection 3.7.1.7, Current Condition of Riparian Areas).  However, 42 
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the current Washington Forest Practices Rules, as well as the January 1, 1999 1 
Washington Forest Practices Rules, provide for substantially more riparian area 2 
protection than was provided historically, especially along fish-bearing streams.  3 
Therefore, the amount of forested riparian zones on covered forestlands, which benefit 4 
microclimate, is increasing due to tree growth.  It is also increasing because the rules 5 
under any of the alternatives would result in the retention of more trees along fish-bearing 6 
streams during harvest operations, resulting in more desirable microclimate conditions 7 
relative to baseline conditions.  Along non-fish-bearing streams, microclimate conditions 8 
would likely remain close to baseline.  Changes in microclimate due to greater retention 9 
during harvest operations can have positive effects over the short-term as well as long-10 
term.  The following paragraphs summarize the extent to which each alternative is 11 
expected to affect microclimate function. 12 

Relative to No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, the 13 
likelihood under No Action Alternative 1-Scenario 2 for reduced microclimate function 14 
would be moderate for fish-bearing streams and high for non-fish-bearing streams.  This 15 
is because RMZs are relatively narrow and microclimate is markedly affected by both 16 
riparian retention and clearcutting or substantial removal of vegetation adjacent to the 17 
riparian area.  The result from this alternative would be an increased likelihood for higher 18 
air temperatures and reduced humidity within RMZs along fish-bearing, and particularly 19 
non-fish-bearing, streams. The retention of buffers along more than half of the length of 20 
Np channels due to RMZs and unstable slopes protection under No Action Alternative 1-21 
Scenario 1 and Alternatives 2 and 3 explains the high likelihood of increased 22 
microclimate function compared to No Action Alternative 1-Scenario 2. 23 

Microclimate function would not be expected to differ between No Action Alternative 1-24 
Scenario 1, Alternative 2, and Alternative 3 since the rules are the same for each 25 
alternative. 26 

Relative to No Action Alternative 1-Scenario 2, Alternative 4 would have a low 27 
likelihood for reduced microclimate function along streams with less than 20 percent 28 
gradient (primarily inclusive of all fish-bearing streams) and a very low likelihood for all 29 
other streams.  The likelihood for reduced microclimate function would be moderate 30 
relative to No Action Alternative 1-Scenario 1 and Alternatives 2 and 3. 31 

Detailed Effects Analysis 32 
No Action Alternative 1-Scenario 2 33 
Statewide.  Under this alternative, microclimatic gradients, and particularly relative 34 
humidity and air temperature, would be negatively affected.  Sullivan et al. (1990) 35 
studied the effects of current Washington Forest Practices Rules on water and air 36 
temperature in riparian areas and found significant increases in air temperature.  A nearly 37 
one-to-one correlation was found between air temperature and percent shade.  38 

Microclimatic conditions would be negatively affected, relative to pre-harvest conditions, 39 
on all stream types.  This is anticipated because the RMZ widths would, at most, be only 40 
about two-thirds or less of the 147 feet minimum (maximum of 100 feet on Type 1 and 2 41 
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streams on the westside and generally 50 feet on the eastside).  Microclimate conditions 1 
would also be negatively affected because harvest would be allowed within RMZs.   2 

Under No Action Alternative 1-Scenario 2, air temperature and humidity would be 3 
adversely affected on both the west and eastsides.  On the eastside, which has high 4 
average ambient air temperatures, the change in microclimate could further increase air 5 
temperature.   6 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3  7 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 8 
the adaptive management programs among this group of alternatives (No Action 9 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 10 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 11 

Statewide.  Although there are some differences between the two westside harvest 12 
options under these alternatives that might affect air temperature and overall 13 
microclimatic gradients, there is enough existing knowledge of microclimatic gradients to 14 
distinguish between the effects of Options 1 and 2.  Therefore, they are treated the same. 15 

In contrast to No Action Alternative 1-Scenario 2, total RMZ widths for Site Classes I 16 
and II would approach or exceed the evaluation criteria for minimum buffer widths for 17 
overall microclimate gradient maintenance, at least on fish-bearing streams.  However, 18 
because some level of harvest would be allowed within the RMZs, the natural gradients 19 
would not likely be maintained.  Within the no-harvest zone of RMZs on fish-bearing 20 
streams, relative humidity, and other parameters would probably be somewhat lower than 21 
under natural conditions since decreased humidity in the adjacent selectively harvested 22 
inner and outer zones would affect the core zone to some extent. 23 

The adverse effects to microclimate along non-fish-bearing streams would be greater than 24 
along fish-bearing streams.  For Type Np and Ns stream segments that would not have 25 
RMZs, no protection would be provided.  On Type Np stream segments that would 26 
receive some protection from no-harvest RMZs, the 50-foot width would be at most one-27 
third of the minimum recommended buffer for the various microclimate variables.  In 28 
cases where stream-adjacent unstable slopes would extend out to or beyond the minimum 29 
147 feet needed to maintain microclimatic gradients, little or no adverse effect on 30 
microclimate function would be expected.  However, the degree to which this would 31 
occur is solely a function of the distribution of unstable slopes and would most likely 32 
occur in western Washington where unstable slopes are more common. 33 

Air temperature and humidity would be affected under this alternative because the buffer 34 
width for maintaining these gradients would be even greater than for other microclimatic 35 
gradients.  Eastside air temperatures within RMZs would be likely to experience a greater 36 
change since ambient air temperatures tend to be higher on the eastside than on the 37 
westside. 38 
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Alternative 4 1 
Statewide.  Alternative 4 would provide the highest degree of protection of 2 
microclimatic gradients.  Streams with channel gradients of less than 20 percent would 3 
receive 200-foot no-harvest RMZs.  This would be sufficient to maintain microclimatic 4 
gradients for most variables.  Air temperature, humidity, and wind speed would 5 
nonetheless be affected to some extent since they would require wider buffers (240 to 787 6 
feet) to maintain pre-harvest gradients. 7 

Streams with higher channel gradients would receive somewhat less protection.  Streams 8 
with gradients between 20 and 30 percent would receive 100-foot, no-harvest RMZs, 9 
while streams with higher gradients would receive 70-foot, no-harvest RMZs, which 10 
would be unlikely to maintain most microclimate gradients.  Under both situations, pre-11 
harvest microclimate gradients would be modified, but the extent of modification would 12 
be lower than under either scenario of No Action Alternative 1.  However, as with lower 13 
gradient streams, air temperature, humidity, and wind speed would be substantially 14 
affected across riparian areas. 15 

Bank Stability  16 
Overview of Effects 17 
The effects of the alternatives on bank stability, which results in streambank erosion, are 18 
summarized in this subsection.  From an historical perspective, bank stability was 19 
affected much more from past harvest practices than recent management actions 20 
(subsection 3.4.2.3, History of Forest Practices Affecting Erosion and Sedimentation).  21 
Therefore, compared to baseline conditions, bank stability and resulting effects on 22 
streambank erosion would be expected to improve under any of the alternatives.  The 23 
following paragraphs address the effects of each alternative on bank erosion.   24 

No Action Alternative 1-Scenario 2 would maintain bank stability for all fish-bearing 25 
streams (Type 1, 2, and 3) except those with minimum (25- to 30-foot) RMZs.  Bank 26 
stability would not be maintained along non-fish-bearing streams (Type 4 and 5), which 27 
generally have no RMZ requirement.  Bank stability in these smaller streams, however, 28 
would have less effect on fish-bearing streams than bank stability in fish-bearing streams 29 
because of their lower erosion potential.  Relative to all other alternatives, No Action 30 
Alternative 1-Scenario 2 provides the lowest level of bank stability maintenance. 31 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would fully maintain bank 32 
stability of fish-bearing streams due to RMZ widths.  The 50-foot no-harvest RMZ would 33 
fully maintain bank stability along more than 50 percent of Type Np channels (non-fish-34 
bearing perennial streams), and partial cutting on the eastside should be nearly as 35 
effective.  The unstable slope protection rules would supplement the protection provided 36 
by RMZs along a substantial proportion of Np and Ns channels.  These alternatives would 37 
provide higher levels of bank stability and maintenance on streams, especially non-fish-38 
bearing streams, than No Action Alternative 1-Scenario 2. 39 
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Alternative 4 would fully maintain bank stability on all stream channels.  It would 1 
maintain bank stability at slightly higher levels than No Action Alternative 1-Scenario 1 2 
and at much higher levels than No Action Alternative 1-Scenario 2. 3 

Detailed Effects Analysis 4 
The analysis and details of the alternative assessments on bank stability are presented in 5 
subsection 4.4.2.2 (Evaluation of Alternatives) and are only summarized here because of 6 
the function that riparian zones serve in maintaining bank stability.  Readers should refer 7 
to the noted subsection for further details. 8 

No Action Alternative 1-Scenario 2 9 
Statewide.  Along westside fish-bearing streams (Type 1, 2, and 3), bank stability under 10 
No Action Alternative 1-Scenario 2 would be fully maintained if maximum RMZs are 11 
implemented.  However, the 25-foot minimum RMZ would be less than needed to fully 12 
maintain bank stability on most fish-bearing streams.  Therefore, in some situations, fish-13 
bearing streams would be only partly protected on the westside.  14 

Bank stability would be fully maintained with maximum and average RMZ widths for all 15 
fish-bearing streams on the eastside, except along some Site Class I streams, which 16 
would require greater width for full maintenance.  Full maintenance for all other site 17 
classes would be provided with 30-foot RMZs on fish-bearing streams. 18 

The general lack of any RMZs or leave tree requirements along all Type 4 and 5 streams 19 
would mean that bank stability would rarely be fully maintained.  But because of their 20 
small size and low stream power, these streams would likely be less adversely affected 21 
relative to reduced bank stability than larger Type 1, 2, and 3 streams. 22 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 23 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 24 
the adaptive management programs among this group of alternatives (No Action 25 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 26 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 27 

Statewide.  In both western and eastern Washington, Type S and Type F bank stability 28 
would be fully maintained based on suggested minimum no-harvest RMZs for one-half 29 
crown diameter (0.3 site potential tree height) (FEMAT 1993). No Action Alternative 1-30 
Scenario 1 (and Alternatives 2 and 3) would supply much greater maintenance of bank 31 
stability than No Action Alternative 1-Scenario 2. 32 

Most reaches on Type Np streams would be fully maintained due to the combined 33 
protection afforded by 50-foot no-harvest RMZs on at least 50 percent of the stream 34 
length, along with the incidental protection realized by the presence and protection of 35 
unstable slopes and sensitive sites, and partial cuts occurring on some eastside streams.  36 
The lower power of the typically more confined stream channels would likely reduce the 37 
need for the widest buffers stated in the literature for full maintenance, so even in reaches 38 
without RMZs, adverse effects would likely be relatively low.   39 
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Other than a 30-foot Equipment Limitation Zone no direct protection would be provided 1 
for bank stability for small Ns channels. However, some protection would be provided 2 
from unstable slope buffering, which would often include these channels (Personal 3 
Communication, Jeff Grizzel, Washington DNR, April 6, 2004). As noted above, the 4 
small size of Type Np streams would reduce the chance of adverse effects to these stream 5 
systems from bank instability.  Maintenance levels for Type N streams, which correspond 6 
to Type 4 and 5 streams under No Action Alternative 1-Scenario 2, would generally be 7 
much greater than under No Action Alternative 1-Scenario 2. 8 

Alternative 4  9 
Statewide.  Overall, bank stability would be fully maintained under Alternative 4 for all 10 
streams on both the east and westside, due to the width of RMZs.  This alternative would 11 
provide much greater bank stability maintenance than No Action Alternative 1-Scenario 12 
2.  Alternative 4 would be only slightly better than No Action Alternative 1-Scenario 1 at 13 
maintaining bank stability because most fish-bearing streams would be protected under 14 
all alternatives.  Also, a majority of the smaller streams that would have potential to 15 
contribute sediment through bank erosion would also be protected; although there still 16 
would be greater protection under Alternative 4 as all of these streams would be fully 17 
protected.   18 

Sediment Filtration  19 
Overview of Effects 20 
The effects of the alternatives on sediment filtration are summarized in this subsection 21 
(See subsection 3.4.2.2, Forest Practices Effects on Erosion and Sedimentation).  22 
Historically, providing filtration of overland sediment movement to streams was not part 23 
of harvest prescriptions.  But retention of RMZs has been increasing, improving sediment 24 
filtration. These practices represent a small portion of total past harvest. Filtration 25 
mechanisms likely have their greatest benefit over the short term (a few years).  As 26 
vegetation reestablishes, the need for filtration decreases (subsection 3.4.2.3, History of 27 
Forest Practices Affecting Erosion and Sedimentation).  Therefore, relative to baseline, 28 
any alternative that does not supply full filtration would reduce protections of overland 29 
sediment entering streams.  So some alternatives would increase overland sediment 30 
delivery to streams relative to baseline.  The following paragraphs address the effects of 31 
each alternative on sediment filtration.    32 

No Action Alternative 1-Scenario 2 would maintain moderate to high levels of sediment 33 
filtration capacity for fish-bearing streams, depending on the assumptions used.  If a 30-34 
foot buffer were adequate to prevent most overland sediment from entering streams, 35 
maintenance would be high if the buffer was a no-harvest buffer.  If 200-foot buffers 36 
were needed, the maintenance would be low.  A 30-foot buffer may be adequate under 37 
some conditions, but information is not available for confirmation in all situations.  38 
Maintenance would be low for non-fish-bearing streams since no RMZs would be 39 
required.  Overall, No Action Alternative 1-Scenario 2 would maintain the lowest level of 40 
sediment filtration capacity of all the alternatives. 41 
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Sediment filtration capacity would be expected to be the same for No Action Alternative 1 
1-Scenario 1, Alternative 2, and Alternative 3 because the rules governing hillslope 2 
erosion would be the same among these alternatives. No Action Alternative 1- Scenario 1 3 
and Alternatives 2 and 3 would provide mostly high maintenance of sediment filtration 4 
for fish-bearing streams, although it could be lower depending on the assumptions used.  5 
Maintenance of filtration capacity on non-fish-bearing, perennial streams would be 6 
mostly moderate due to inclusion of RMZs over more than 50 percent of perennial 7 
channels. Overall, maintenance of sediment filtration capacity would be higher than 8 
under No Action Alternative 1-Scenario 2 but lower than that provided by Alternative 4. 9 

Alternative 4 would maintain the highest level of sediment filtration capacity of all the 10 
alternatives.  Maintenance would be substantially higher than under No Action 11 
Alternative 1- Scenario 2, but only slightly higher than under No Action Alternative 1-12 
Scenario 1 and Alternatives 2 and 3, assuming a 30-foot buffer is adequate to filter most 13 
sediment. 14 

Detailed Effects Analysis 15 
The current status and types of sediment filtration is presented under Harvest-Related 16 
Surface Erosion in subsection 3.4.2.2 (Forest Practices Effects on Erosion and 17 
Sedimentation).  The analysis and details of the alternatives’ assessment on the capacity 18 
of riparian zones to filter sediment are presented in subsection 4.4.1.2 (Evaluation of 19 
Alternatives) and are only summarized here.  This analysis uses an equivalent buffer area 20 
index for sediment filtration.  Readers should refer to the noted subsection and Appendix 21 
B, Riparian Modeling, for further details. 22 

No Action Alternative 1-Scenario 2 23 
Statewide.  The sediment equivalent buffer area index analysis was similar for east and 24 
westside streams (Figures 4.4-1 and 4.4-2).  Although there were slight differences for 25 
east and westside conditions, sediment equivalent buffer area index values for fish-26 
bearing streams were estimated at over 92 percent and about 70 percent for 30- and 200-27 
foot buffer assumptions, respectively.  For comparison, a clearcut sediment equivalent 28 
buffer area index would be 60 percent, and a gravel or dirt road equivalent buffer area 29 
index would be 0 percent.  While full protection of filtration is site-specific, as noted in 30 
subsection 4.4.1.2 (Evaluation of Alternatives), most erosion features that were identified 31 
as delivering sediment, occurred within 30 feet of the stream.  This indicates that 32 
protection would only be modest if 200-foot buffers were needed to adequately filter 33 
sediment for fish-bearing streams.  If a 30-foot buffer was adequate to prevent most 34 
overland flow of sediment, fish-bearing stream protection would be high. For non-fish-35 
bearing streams (Type 4 and 5) potential filtration of overland sediment would be much 36 
less than for fish-bearing streams. Filtration for either the 30- or 200-foot equivalent 37 
buffer area index is nearly at the same level as that provided by clearcuts for non-fish-38 
bearing, perennial or seasonal streams. This result would be expected due to a lack of 39 
RMZs on non-fish-bearing streams under No Action Alternative 1-Scenario 2.  Sediment 40 
that enters non-fish-bearing streams would eventually enter fish-bearing streams, 41 
although the rate of delivery may vary with stream conditions.  So, the likelihood of 42 
sediment not being filtered from non-fish-bearing streams is high for this alternative. 43 
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No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 1 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 2 
the adaptive management programs among this group of alternatives (No Action 3 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 4 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 5 

Statewide.  The no-harvest portion of RMZs of 50 feet (westside) or 30 feet (eastside) 6 
would result in full protection (equivalent buffer area indexes of 100 percent) of sediment 7 
filtration for fish-bearing streams on the west and eastsides.  The addition of 50-foot 8 
RMZs on many perennial, non-fish-bearing streams on both the west and eastsides (over 9 
more than 50 percent of stream length) would maintain modest protections of 85 to 92 10 
percent for the 30-foot equivalent buffer area index on the west and eastside, 11 
respectively.  The 200-foot equivalent buffer area index is much lower at 67 and 70 12 
percent, for the west and eastside, respectively. Because of unstable slope protections that 13 
include many Np and Ns streams, overall sediment filtration protection would be higher 14 
than estimated by the equivalent buffer area indexes. The Np streams, because of 15 
perennial flow, would be more likely to carry sediment downstream to fish-bearing 16 
streams than the smaller seasonal streams, so protection of these streams may benefit 17 
downstream fish-bearing streams.  The seasonal Ns streams have equivalent buffer area 18 
indexes of 80 percent for 30-foot, and 62 to 68 percent for 200-foot equivalent buffer area 19 
index assessments.  Considering that 30-foot buffers may be adequate to prevent most 20 
overland sediment transport, these alternatives would supply much greater sediment 21 
filtration protection than No Action Alternative 1-Scenario 2, although they would still be 22 
low for many seasonal Ns non-fish-bearing streams. 23 

Alternative 4  24 
Statewide.  Because of the large RMZs on all streams, Alternative 4 had the highest 25 
estimated equivalent buffer area indexes.  The sediment equivalent buffer area index for 26 
all fish-bearing streams (30- or 200-foot assumptions) was estimated at 100 percent, 27 
which was the same as No Action Alternative 1-Scenario 1 for the 30-foot buffer 28 
assessment.  But the largest differences between this and other alternatives would be in 29 
non-fish-bearing streams, which had an equivalent buffer area index of 100 percent for 30 
30-foot buffers in all areas; the range was about 91 percent for Np streams and 79 percent 31 
of all Ns streams for 200-foot buffers.  Considering that most overland sediment transport 32 
is likely protected with a 30-foot buffer, these non-fish-bearing streams would likely be 33 
fully protected under Alternative 4. 34 

4.7.2 Wetlands 35 
4.7.2.1 Wetlands Evaluation Criteria 36 
The evaluation criteria for wetland resources includes an analysis of the degree of 37 
protection provided by the Washington Forest Practices Rules for wetlands and their 38 
associated functions (i.e., water quality, hydrology, and fish and wildlife habitat).  39 
Provisions under the alternatives that are evaluated against the evaluation criteria include 40 
timber harvest (application of protective buffers [Wetland Management Zones and 41 
RMZs] and the degree of harvest or disturbance allowed in forested wetlands), road 42 
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management practices, and application of new wetland mapping and classification 1 
systems. 2 

Timber Harvest 3 
Forested Wetlands 4 
Timber harvest and associated activities can affect wetland sites by changing species 5 
composition, reducing stand density and shading, changing fuel profiles, and altering 6 
disturbance regimes (Castelle et al. 1992; Harris and Marshall 1963; Darnell et al. 1976).  7 
Timber harvest may alter wetland hydrology and cause a rise in the water table elevation 8 
(Verry 1997).  Changes in hydrologic patterns of wetland sites can directly influence 9 
plant species and growth within the wetland site resulting in an increase in undesirable 10 
plant species. Additionally, the altered water table and associated streamflow relationship 11 
could increase localized runoff and flooding (Grigal and Brooks 1997).  Soil rutting and 12 
compaction from timber harvest activities can reduce infiltration, redirect flow, and alter 13 
pathways by which water moves through and from wetlands.  14 

Water quality of wetland sites can be affected by harvest activities (Shepard 1994).  15 
Harvest and associated activities can deliver sediment to wetlands, diminish water 16 
quality, and lead to the filling of wetland sites. Nutrient pathways within wetlands can 17 
also be affected. 18 

Alterations of forested wetland sites discussed above can impact microclimates within 19 
wetland sites and can affect habitats of associated fish and wildlife species.  Changes to 20 
wetland hydrology may diminish suitable amphibian breeding, feeding, and rearing 21 
habitat (Hruby et al. 1998).  Reduced cover and changes in plant species composition can 22 
influence invertebrate populations (Cyr and Downing 1988) and impact food sources, 23 
den/nest sites for aquatic mammals, birds, and amphibians (Hruby et al. 1998).  24 
Additionally, fish populations in waterways associated with harvested forested wetlands 25 
may be affected by increased sedimentation and hydrologic and temperature alterations. 26 

A method of reducing impacts to forested wetland sites is to implement reduced harvest 27 
scenarios such as selective harvest, and to restrict equipment operation and yarding 28 
practices in these areas. Residual vegetation left behind after reduced harvest and 29 
associated activities would provide shading for wetland sites and act as a buffer to filter 30 
out sediments and pollutants (Broderson 1973; Corbett and Lynch 1985).  Effects on 31 
wetland hydrology would be reduced in light harvest areas.  As a result, impacts to fish 32 
and wildlife would be reduced. 33 

Non-Forested Wetlands 34 
Non-forested wetland habitats would not be harvested due to the lack of commercial 35 
timber within these areas.  However, adjacent timber harvest may indirectly impact these 36 
sites through increased sedimentation from upslope timber harvest activities and potential 37 
reduction of shading from removal of adjacent trees.  These disturbances could disrupt 38 
nutrient pathways, affect water temperatures, and affect hydrology within these non-39 
forested wetlands, causing short-term indirect effects on water quality, vegetation 40 
composition, and microclimates.  41 
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A method of reducing impacts on wetlands from land management activities is to apply a 1 
protective buffer (i.e., Wetland Management Zone) around wetland sites.  Characteristics 2 
of Wetland Management Zones, particularly slope and vegetative cover, directly 3 
influence zone effectiveness. The effectiveness of removing sediments, nutrients, 4 
bacteria, and other pollutants from surface water runoff increases with buffer width 5 
(FEMAT 1993).  Although Wetland Management Zone protection distances from 6 
wetlands can vary markedly, depending upon site conditions, buffers of 100 feet or 7 
greater have been found to control coarse and fine sediments if channelization in the 8 
buffer zone does not occur (Broderson 1973; Corbett and Lynch 1985; Lynch et al. 9 
1985).  Additionally, buffers of at least 100 feet have been found to minimize water 10 
temperature fluctuations (Lynch et al. 1985). To protect wetland values for wetland-11 
associated wildlife species, slightly larger buffers, ranging from 200-300 feet, may be 12 
needed (Washington Department of Wildlife 1992). 13 

Wetland buffers (Wetland Management Zones) that are required under the alternatives 14 
are described in Table 4.7-3. 15 

Table 4.7-3. Wetland Management Zone (WMZ) Characteristics By Alternative.  16 

Wetland Type 

Size of Non-
forested Wetland 

(in acres) 

No Action Alternative 1-
Scenario 1 and Scenario 2, 

Alternative 2, and Alternative 
3 Average WMZ Width (feet) 

Alternative 4 
Average WMZ Width 

(feet) 
A (including bogs) > 5 100 200 
A (including bogs) 0.5 to 5 50 200 
A (bogs only) 0.25 to 0.5 50 200 
A (including bogs) < 0.25 No WMZ required No WMZ required 
B > 5 50 100 
B .5 to 5 25 100 
B 0.25 to 0.5 No WMZ required 100 
B < 0.25 No WMZ required No WMZ required 
Forested  No WMZ required, some 

restrictions may apply 
Leave 70 percent canopy 

closure, understory 
vegetation, snags, and 

non-merchantable trees.  
Note:  >  means greater than;  <  means less than. 17 
Source:  Chapter 2, Subsection 2.3, Alternatives Analyzed in Detail. 18 

Road and Landing Management 19 
Road construction in wetland areas can directly impact wetland sites by permanently 20 
removing or eliminating the biological functions (i.e., water quality, hydrology, and fish 21 
and wildlife habitat) from the affected portion of the wetland (CH2MHill 2000). 22 
Additionally, crossing wetlands with roads, without adequate provision for cross-23 
drainage, can lead to flooding on the upslope side and drainage changes on the 24 
downslope side of crossings (Stoeckeler 1967; Boelter and Close 1974).  Road and 25 
landing construction and use can deliver sediment to wetlands, diminish water quality, 26 
and lead to the filling of wetland sites.  Nutrient pathways within wetlands can also be 27 
affected (CH2MHill 2000). 28 
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Avoidance of wetlands during road and landing layout is a primary method for 1 
eliminating direct impacts to wetlands associated with road and landing establishment.  2 
Where wetlands cannot be avoided, a method of offsetting impacts from road 3 
construction includes the implementation of wetland replacement mitigation measures.  4 
Mitigation ratios may vary depending upon the type, size, and health of an 5 
affectedwetland site. Additionally, BMPs implemented during road and landing 6 
construction and use can minimize associated impacts to wetland sites.  Road 7 
management options under the alternatives are outlined in Chapter 2 (Alternatives) 8 
(Washington Forest Practices Board 2001a, Appendix F).  9 

Wetland Classification System 10 
Wetland ecosystems in the United States occur under a wide range of climatic, geologic, 11 
geomorphic, and hydrologic conditions. This diversity of conditions makes the task of 12 
assessing wetland functions difficult because not all wetlands perform functions in the 13 
same manner, or to the same degree. Therefore, to simplify the assessment process, it is 14 
useful to classify wetlands into groups that function similarly. Classification narrows the 15 
focus of attention to: 1) the functions a particular type of wetland is most likely to 16 
perform, and 2) the characteristics of the ecosystem and landscape that control these 17 
functions. Classification provides a faster and more accurate assessment procedure, 18 
thereby providing land managers a better tool for identifying and protecting wetlands, or 19 
for mitigating for lost wetlands or wetland functions (water quality, hydrology, and fish 20 
and wildlife habitat).   21 

Current Washington DNR wetland classification and mapping is based on the National 22 
Wetland Inventory (a.k.a. NWI) maps, which uses the Cowardin classification system 23 
(Cowardin et al. 1979). Wetlands are mapped and classified based on size, vegetative 24 
structure, and hydrology. A shortcoming of this classification system is that it does not 25 
identify functional values of wetland sites. In contrast, hydrogeomorphic classifications 26 
group wetlands on the basis of three fundamental characteristics: 1)geomorphic setting, 27 
2) water source, and 3) hydrodynamics. At the highest level of the classification, 28 
wetlands fall into one of five basic hydrogeomorphic classes including: 1) depressional, 29 
2) slope-flat, 3) riverine, 4) fringe, and 5) extensive peatland.  30 

A hydrogeomorphic classification can be applied at a regional level to narrow the focus 31 
even further.  The regions identified by Omernik (1987), Bailey (1994), or Bailey et al. 32 
(1994) are based on climatic, geologic, physiographic, and other criteria and provide a 33 
convenient starting point for applying the classification within a region.  Any number of 34 
regional hydrogeomorphic wetland subclasses can be identified based on landscape scale 35 
factors such as geomorphic setting, water source, soil type, and vegetation. The number 36 
of regional subclasses identified depends on the diversity of conditions in a region and on 37 
assessment objectives.  38 

A description of wetland mapping and classification provisions under the alternatives can 39 
be found in Chapter 2 (subsection 2.3, Alternatives Analyzed in Detail). 40 



 
 
 
 
 
 

Riparian and Wetland Processes Final EIS 
 

4-158

 Chapter 4 
4.7.2.2 Evaluation of Effects of Alternatives on Wetland Processes 1 
The effects of the alternatives on wetlands are analyzed in this subsection.  In reading this 2 
analysis, it should be remembered from Chapter 2 (Alternatives) that under the No Action 3 
Alternative no ITPs or ESA Section 4(d) take authorization would be issued.  This lack of 4 
action would likely affect the Forest Practices Regulatory Program in a way that is 5 
difficult to predict.  Therefore, two scenarios, which represent the endpoints of the 6 
reasonable range of possible outcomes for the Forest Practices Regulatory Program, have 7 
been defined (subsection 2.3.1, No Action Alternative 1 [(No Action]) to represent the 8 
No-Action Alternative.  The effects of No Action are displayed for both of these 9 
endpoints in the following subsections, but the actual outcome and the actual effects of 10 
No Action on wetlands are likely to fall between these two scenarios. 11 

Timber Harvest 12 
Forested Wetlands 13 
Under all the alternatives, forested wetlands may be harvested with some restrictions 14 
(Table 4.7-3). Harvest of forested areas on or adjacent to wetland sites would have the 15 
greatest short-term impacts on these resources by changing species composition, reducing 16 
stand density and shading, altering disturbance regimes, altering successional rates and 17 
pathways, altering hydrologic regimes, increasing undesirable vegetation, and altering 18 
nutrient/chemical cycles (Castelle et al. 1992; Harris and Marshall 1963; Darnell et al. 19 
1976).   20 

The greatest restrictions (protection) for forested wetlands would occur under Alternative 21 
4 since a minimum of 70 percent canopy closure along with understory vegetation, snags, 22 
and non-merchantable timber would be retained. This harvest restriction associated with 23 
Alternative 4 would lessen impacts to wetlands, particularly hydrologic alterations and 24 
impacts on fish and wildlife habitat. Under No Action Alternative 1-Scenario 1, 25 
Alternative 2, and Alternative 3, protection would be afforded to forested wetlands 26 
associated with non-forested wetlands sites. Harvest of forested wetlands that are 27 
surrounded by open water and emergent wetlands would require a plan approved in 28 
writing by Washington DNR. Additionally, under No Action Alternative 1-Scenario 1 29 
and Alternatives 2 and 3, forested seeps and springs with an obvious connection to Type 30 
N perennial streams would be protected.    31 

Wetland Management Zones and RMZs established under the alternatives would provide 32 
varying levels of incidental protection to forested wetlands sites. Many Wetland 33 
Management Zones and RMZs, which would be intended to protect non-forested 34 
wetlands or riparian zones, overlap with forested wetlands and, in this way, would 35 
provide incidental protection for forested wetlands as well. Reduced management could 36 
occur in these Wetland Management Zones and RMZs to varying degrees (subsection 37 
2.3, Alternatives Analyzed in Detail); however, impacts to hydrologic, water quality, and 38 
fish and wildlife functions of incidentally protected wetlands would likely be reduced.  39 

The greatest degree of incidental protection would occur under Alternative 4 where 52 40 
percent of forested wetlands would be protected under established Wetland Management 41 
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Zones and RMZs followed by No Action Alternative 1-Scenario 1, Alternative 2 and 1 
Alternative 3 (27 percent), and No Action Alternative 1-Scenario 2 (20 percent) (Table 2 
4.7-4). The high degree of incidental wetland protection provided under the alternatives 3 
would be mainly due to protection provided to riparian-associated wetlands through the 4 
establishment or RMZs. Incidental protection would also occur to non-forested wetland 5 
sites; however, because these sites are non-forested, no management activity in these 6 
areas is anticipated. 7 

Table 4.7-4. Percent of Forested Wetlands in Sample Sections Incidentally 8 
Protected through Establishment of Wetland Management Zones 9 
and RMZs. 10 

Percent of Wetlands 
Protected by WMZs 

Only 

Percent of Wetlands 
Protected by RMZs 

Only 

Percent of Wetlands 
Protected by Both 
WMZs and RMZs 

Percent 
Total 

Incidental 
ProtectionAlternative 

and Wetland 
Type 

East-
side 

West-
side 

State-
wide 

East-
side 

West-
side  

State-
wide 

East-
side 

West-
side  

State-
wide Statewide

No Action 
Alternative 1-
Scenario 2 

15 5 6 6 14 13 1 1 1 20 

No Action 
Alternative 1-
Scenario 1, 
Alternative 2, 
and Alternative 
3 

12 4 6 12 21 20 4 1 2 27 

Alternative 4 13 9 10 27 35 34 20 7 8 52 

Source:  These estimates are based on an evaluation of wetlands and RMZs on sample sections 11 
conducted for the Forest Practices Alternatives SEPA EIS (Washington Forest Practices 12 
Board 2001a, Appendix G). 13 

Non-forested Wetlands  14 
Under all alternatives, non-forested wetlands would be provided varying levels of 15 
protection through the application of Wetland Management Zones. Wetland type and size 16 
determine the widths of Wetland Management Zones and their application (Table 4.7-3).  17 
The greatest level of protection to wetland sites would occur under Alternative 4 due to 18 
greater widths of established Wetland Management Zones, and application of a Wetland 19 
Management Zone for Type B wetlands between 0.25 and 0.5 acre (Table 4.7-3). Under 20 
this alternative, all Type A non-forested wetlands greater than 0.25 acre would receive a 21 
minimum average Wetland Management Zone of 200 feet, and all Type B wetlands 22 
greater than 0.25 acre would receive a minimum average Wetland Management Zone of 23 
100 feet. 24 

No Action Alternative 1-Scenario 1 and Scenario 2, Alternative 2, and Alternative 3 25 
would provide similar levels of protection to non-forested wetland sites (Table 4.7-3).  26 
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As stated earlier, although site-specific characteristics of wetland sites dictate Wetland 1 
Management Zone requirements, in general, a protective Wetland Management Zone 2 
width of 100 feet or greater has been found to provide protection to wetland sites from 3 
hydrologic and water quality impacts including sedimentation and temperature alteration 4 
and water table fluctuations. Larger Wetland Management Zones may be required to 5 
provide protection to habitat for fish and wildlife species associated with wetland sites.  6 
Therefore, using this rationale, Alternative 4 would provide the greatest level of 7 
protection by providing Wetland Management Zones of 100 feet or greater to areas of 8 
Type A and B wetlands.  Additionally, unlike Alternatives 1, 2, and 3, Alternative 4 9 
would provide a Wetland Management Zone for Type B wetlands between 0.25 and 0.5 10 
acre (Tables 4.7-3). No Action Alternative 1-Scenario 2 and Alternative 2 would provide 11 
less protection to non-forested wetland sites due to reduced Wetland Management Zone 12 
widths and Wetland Management Zone applications.   13 

Management may also occur within established Wetland Management Zones under all 14 
the alternatives. Management activities within these Wetland Management Zones can 15 
reduce the functional value of the Wetland Management Zones. Additionally, timber 16 
harvest may indirectly impact wetlands through increased sedimentation from upslope 17 
timber harvest activities and potential reduction of shading from removal of adjacent 18 
trees. These disturbances can disrupt nutrient pathways within these wetland sites causing 19 
short-term indirect effects on water quality, vegetation composition, and fish and wildlife.  20 
Additionally, harvest of adjacent areas could initially increase water tables in harvested 21 
areas due to reduced transpiration from tree removal.  However, if the Wetland 22 
Management Zone is revegetated quickly, impacts may be reduced. Consequently, long-23 
term effects are expected to be minor. Additionally, some areas of the Wetland 24 
Management Zones are provided incidental protection by the establishment of RMZs.  25 
Prescriptions within RMZs are dependent upon water types and other site conditions.  26 

Table 4.7-5 presents an estimate of the percent of Wetland Management Zones that 27 
overlap with RMZs, under each of the alternatives. Under Alternative 4 approximately 43 28 
percent of Wetland Management Zones overlap established RMZs and, therefore, would 29 
be provided a high degree of incidental protection (Table 4.7-5). Under No Action 30 
Alternative 1-Scenario 1, Alternative 2, and Alternative 3, approximately 27 percent 31 
would occur within RMZs. Under No Action Alternative 1-Scenario 2 approximately  32 

Table 4.7-5. Percent of Wetland Management Zones in Sample Sections on 33 
Forestlands Incidentally Protected through the Establishment of 34 
RMZs Under the Alternatives. 35 

Alternative Percent of WMZ within RMZ (%) 
No Action Alternative 1-Scenario 2 15 
No Action Alternative 1-Scenario 1, 
Alternatives 2, and Alternative 3 

27 

Alternative 4 43 
Source:  These estimates are based on an evaluation of wetlands and RMZs on sample sections 36 

conducted for the Forest Practices Alternatives SEPA EIS (Washington Forest Practices 37 
Board 2001a, Appendix G). 38 
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15 percent would occur within RMZs. These Wetland Management Zones would be 1 
expected to receive fewer disturbances due to their inclusion in RMZs although the level 2 
of incidental protection in these areas would be dependent upon the specific prescriptions 3 
of the RMZs and location of the Wetland Management Zones in relation to the RMZs 4 
(i.e., core zone, inner zone, or outer zone of the RMZ). 5 

Road Management 6 
As stated earlier, road construction and use may have the greatest direct impact on 7 
wetland sites by permanently removing portions of the affected wetland from the 8 
landscape. Further, roads that cross wetlands without adequate provision for cross-9 
drainage can lead to hydrologic changes (Stoeckeler 1967; Boelter and Close 1974).  10 
Additionally, sedimentation from road construction and use has been found to indirectly 11 
impact wetland ecosystems (Stoeckeler 1967; Boelter and Close 1974). To offset impacts 12 
to wetland sites from these actions, BMPs and wetland replacement mitigation is 13 
proposed under the alternatives. 14 

Under No Action Alternative 1-Scenario 2 wetlands would be avoided during road and 15 
landing construction. If wetlands could not be avoided, impacts would be reduced by 16 
minimizing subgrade width and spoil areas.  Applications that propose to fill or drain 17 
more than 0.5 acre of an individual wetland (Class IV-special) would require an accurate 18 
wetland delineation and replacement of the lost wetland functions. This would be 19 
accomplished by replacing the lost wetland functions by enhancement of existing 20 
wetlands or creation of new wetlands, generally on an acre-for-acre basis and of the same 21 
type and in the same general location.   22 

No Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 would contain the most 23 
stringent protection/mitigation measures by implementing a policy of no net loss of 24 
wetland functions following road and landing construction. Under these alternatives, 25 
roads could not be constructed in bogs or fens or in wetlands if substantial loss or damage 26 
to wetland functions or acreage would occur. Additionally, accurate wetland delineations 27 
must be performed if road or landing construction would fill or drain more than one-tenth 28 
of an acre of wetland, which would better quantify wetland impacts than No Action 29 
Alternative 1-Scenario 2. Filling or draining more than 0.5 acre of a wetland would be 30 
classified as a Class IV-special action and would require replacement by substitution or 31 
enhancement of the lost wetland functions, generally on a two-for-one basis of the same 32 
type and in the same general location. Additionally, sediment deposition to wetland sites 33 
would likely be reduced (compared to No Action Alternative 1-Scenario 2) during road 34 
and landing construction and use due to the implementation of new BMPs (Washington 35 
Forest Practices Board 2001a, Appendix F).  36 

Classification System and Wetland Mapping 37 
As described earlier, the current wetland classification and mapping system (No Action 38 
Alternative 1-Scenario 2) used by Washington DNR is based on the National Wetland 39 
Inventory system. This wetland classification system does not identify functions of 40 
wetland types within the affected landscape, and therefore, is a less effective tool for 41 
evaluating wetland impacts or for developing protection or mitigation measures.  42 
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Under Alternative 4, a new wetland classification system, likely hydrogeomorphic, would 1 
be adopted. A hydrogeomorphic system could provide additional protection to wetland 2 
areas by identifying functions of wetland types within the landscape, thereby providing a 3 
mechanism for implementing appropriate protection measures. This system could provide 4 
a tool for comparing project alternatives and pre- and post-project conditions for 5 
determining impacts. Additionally, it could compare mitigation success to provide 6 
guidance for avoiding and minimizing project impacts and to determine mitigation 7 
requirements.  8 

Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, landowners would 9 
be required to perform additional wetland mapping procedures (Chapter 2, Alternatives) 10 
(Washington Forest Practices Board 2001a, Appendix G). The Washington DNR would 11 
incorporate the mapped wetlands into a GIS layer. This increased mapping effort would 12 
enhance the ability to apply wetland protection measures outlined in the Washington 13 
Forest Practices Rules. 14 

Summary of Alternatives 15 
Overall, Alternative 4 would provide the highest level of protection for wetland resources 16 
due to Wetland Management Zone and RMZ widths and the level of forested wetland 17 
protection. For road and landing construction, No Action Alternative 1-Scenario 1 and 18 
Alternatives 2, 3, and 4 would provide greater protection to wetlands than No Action 19 
Alternative 1-Scenario 2 by implementing a policy of no net loss of wetland functions, 20 
outlining higher replacement mitigation ratios for wetlands (of 0.5 acre in size) that are 21 
filled or drained, and avoiding roads and landings in bogs and fens. Additionally, No 22 
Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 would require accurate 23 
delineation of wetlands where impacts to wetlands would be 0.1 acre or more. These 24 
alternatives would also reduce potential sedimentation of wetland sites through the 25 
application of new BMPs.  26 

Alternative 4 would mandate the adoption of a new classification system that would 27 
incorporate the evaluation of wetland functions, thus providing a better tool for 28 
evaluating wetland impacts and designing wetland protection and mitigation measures.  29 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide more 30 
protection than No Action Alternative 1-Scenario 2 because these alternatives would 31 
mandate the mapping of select wetland types and would incorporate these into a 32 
Washington DNR GIS database that would provide data for wetland evaluation and 33 
protection measure development.  34 

To some extent, wetland functions (i.e., hydrology, water quality, and fish and wildlife 35 
habitat) would be allowed to be reduced under all the alternatives since forested wetlands 36 
may be harvested; however, wetland impacts under Alternative 4 would be expected to be 37 
less due to the 70 percent canopy retention in forested wetlands. Non-forested wetlands 38 
receiving a Wetland Management Zone of less than 100 feet may be impacted by 39 
adjacent timber harvest. However, these functions would likely be reduced for the short-40 
term if the wetland sites or Wetland Management Zones become revegetated. All of the 41 
alternatives would contain provisions for mitigating wetland loss due to road and landing 42 
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construction. However, “no net loss” of wetlands or wetland functions due to road or 1 
landing construction would be anticipated only under No Action Alternative 1-Scenario 1 2 
and Alternatives 2, 3, and 4. 3 
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4.8 FISH AND FISH HABITAT 1 

4.8.1 Introduction 2 
The Washington Forest Practices Rules are designed to protect public resources while 3 
maintaining an economically viable commercial forest industry (Washington Forest 4 
Practices Board 2001c, 2002).  Public resource protection includes maintaining aquatic 5 
habitat and fish populations at levels that comply with the ESA.  Evaluation of the 6 
potential effects of the alternatives on fish and aquatic habitat was based on two factors: 7 

• Management approaches under each alternative in riparian and upslope areas. 8 
• Habitat needs and biological requirements of listed and covered fish species. 9 

This analysis addresses the effects on all species (subsection 3.8, Fish and Fish Habitat).  10 
Salmonids are emphasized in the analysis because: 1) they include all species listed as 11 
federally threatened or endangered in the analysis area, 2) they are covered species in the 12 
FPHCP, 3) they are present within covered lands, and 4) they are typically most sensitive 13 
to forest practices impacts and, therefore, determination of the relative effects of 14 
alternatives on the habitats of these species should be a conservative indicator of effects 15 
on other covered species.  Also, the evaluation criteria primarily relate to the maintenance 16 
or improvement of aquatic ecosystems, which is beneficial for all aquatic species.  17 
Deviations from this general approach are noted. 18 

Aquatic habitat in the planning area is extensive and complex.  Current freshwater habitat 19 
conditions in many areas do not meet requirements for covered fish species.  For 20 
example, at certain times of the year (e.g., during late summer), water temperatures in 21 
some streams exceed levels suitable for salmonid species (MacDonald et al. 1991).  This 22 
is often associated with lack of streamside vegetation to provide shading.  Reduced shade 23 
can increase water temperature, but it can also be influenced by other factors such as 24 
weather conditions, air temperatures, elevation, water withdrawals, and groundwater 25 
inflow (Adams and Sullivan 1989; Beschta 1997a; Beschta et al. 1987).   26 

The nearshore marine and estuary conditions in Washington State have been severely 27 
modified.  Many freshwater fish species rear or pass through these areas during their life 28 
cycle (subsection 3.8, Fish and Fish Habitat).  Approximately, 39 percent of coastal 29 
wetlands and 70 percent of Puget Sound emergent wetlands have been lost due to human 30 
development (Palmisano et al. 1993).  All of the major estuaries in Puget Sound, except 31 
the Nisqually River, have undergone major modification including dredging, diking, and 32 
filling, which has reduced the quantity and quality of rearing habitat for many species 33 
including many salmonids (DEIS Appendix A).  Other estuaries along the coast and 34 
Columbia River have also had substantial modifications.   35 

In a broad sense, management approaches under each alternative are expected to affect 36 
aquatic habitat and nearshore marine conditions in similar ways.  However, the 37 
magnitude of the effects may be different depending upon site-specific conditions.  For 38 
example, conditions in some areas may be at or near levels that would support healthy 39 
populations of covered fish species, and a change in management approach might not 40 
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appreciably change those conditions. This is particularly true for regions of the State that 1 
do not have much State or commercial forestlands or that lack covered species for 2 
reasons unrelated to forest practices.  In contrast, conditions in water quality limited 3 
streams may be less capable of fully supporting populations of covered fish species, and 4 
management changes could substantially change those conditions.   5 

Predicting aquatic habitat conditions under a specific alternative is difficult, particularly 6 
if predictions are long term and could include significant changes in the Washington 7 
Forest Practices Rules resulting from adaptive management.  To varying degrees, 8 
adaptive management is incorporated under all alternatives (subsection 4.1.5, Adaptive 9 
Management).  The reason for this difficulty is the complex and dynamic nature of the 10 
aquatic systems and their surrounding terrestrial environments. 11 

Trends in aquatic habitat conditions also involve temporal considerations.  For example, 12 
many covered fish species such as most salmon and trout, have a relatively short life 13 
cycle (usually less than 6 years).  In areas where habitat is degraded, habitat restoration 14 
would only begin to take effect after a longer period (greater than 10 years).  Therefore, 15 
specific populations of fish species may encounter less than desirable habitat conditions 16 
before any management measures become effective.  However, an improvement in any 17 
factor that limits aquatic habitat during the short term (e.g., a reduction in stream 18 
temperatures) should establish a trend toward more favorable conditions for maintaining 19 
or recovering fish species.   20 

When predictions cannot be precisely made, as is the situation when applying any of the 21 
alternatives to the planning area, monitoring is often required to determine if a trend 22 
toward favorable or target conditions is occurring and the strength of that trend.  For 23 
example, monitoring of water temperature at various locations over a number of years 24 
would provide the information needed to determine if a trend toward lower summer 25 
temperatures is correlated with growth of streamside vegetation. 26 

Evaluation of the environmental consequences for aquatic resources focused on the 27 
strength of the trends that management conditions would have in achieving target 28 
conditions under each alternative.  A strong trend in changes leading to attainment of 29 
target conditions would indicate that maintaining or restoring fish populations is more 30 
probable than under weaker trends.  Even with conditions meeting requirements for a 31 
properly functioning aquatic system, however, no certainty exists that current populations 32 
would be maintained or recover because of off-site factors (e.g., ocean conditions, 33 
harvest, and non-forestland use practices). 34 

For any particular alternative, predicting population numbers for any salmon species is 35 
difficult.  It is also difficult to predict the degree to which other factors (e.g., ocean 36 
conditions, predation, disease, harvest, or competition) affect populations.  Therefore, the 37 
assessment of potential effects focuses on habitat requirements.  If habitat is properly 38 
functioning, then other factors need to be assessed to determine why Pacific salmon and 39 
other salmonid species may either be depressed or at risk of extinction. 40 
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Full protection across a landscape may not be necessary to maintain a properly 1 
functioning aquatic system and to safeguard fish species or populations.  A point exists 2 
beyond which, for example, the width of an RMZ would not provide additional benefit 3 
from an aquatic habitat standpoint.  For instance, stream buffers greater than about 0.75 4 
site potential tree height on most streams would not provide additional shade to maintain 5 
or recover stream temperatures (subsection 4.7.1, Riparian Processes).  Less than full 6 
protection can achieve target conditions because it is the complete set of protection 7 
measures (both riparian and upland) that must be considered.  In addition, forest practices 8 
often occur within a mosaic of other land uses that provide different levels of protection.  9 
For example, private or State timberlands can be adjacent to National Forest lands that 10 
are managed to meet different goals under the Northwest Forest Plan (USDA Forest 11 
Service and USDI Bureau of Land Management 1994).  Prescriptions that provide 12 
substantial LWD, detrital input, shade, coarse and fine sediment control, and streambank 13 
stability, for example, can set a trend toward achieving target conditions and a properly 14 
functioning aquatic system.  15 

This subsection relies on the conclusions of several other subsections.  This is because 16 
the threshold of significance for fish and aquatic habitat must consider the effects of an 17 
aggregate of management prescriptions under each alternative. For example, the amount 18 
of LWD that is recruited to a stream is determined by RMZ width and the number of 19 
trees retained within the zone (subsection 4.7.1, Riparian Processes).  Similarly, changes 20 
in erosion and sediment from upslope areas or from roads also directly affect aquatic 21 
habitat conditions (subsection 4.4, Geology, Soils, and Erosional Processes, and 22 
subsection 4.7.1, Riparian Processes).  Evaluation criteria for measuring effects from 23 
riparian and upslope management are identified below in subsection 4.8.2 (Evaluation 24 
Criteria).  25 

The following subsection (subsection 4.8.2, Evaluation Criteria) evaluates these 26 
individual criteria and aggregates their overall effects on the aquatic system to determine 27 
if an individual alternative is likely to achieve target conditions (i.e., properly functioning 28 
aquatic system) and does not threaten individual fish species or fish populations.  The 29 
concluding subsection (subsection 4.8.4, Synthesis by Region) places lands regulated 30 
under the Washington Forest Practices Rules in perspective with other practices that 31 
affect the viability of Pacific salmon, trout, and other fish species. 32 

4.8.2 Evaluation Criteria 33 
Issues relevant to fish resources were identified during the scoping process described in 34 
Chapter 1 (Purpose and Need).  The issues were categorized according to the NMFS 35 
matrix of pathways and indicators of a properly functioning aquatic ecosystem (NMFS 36 
1996a); the pathways and indicators are relevant to most anadromous and non-37 
anadromous fish species.  A few special habitats were added to this matrix, including 38 
lakes, reservoirs, and nearshore marine habitat. These areas provide important habitat for 39 
fish that were not directly assessed in the NMFS matrix (which was primarily directed at  40 
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watershed activities away from marine or lake environments).  The issue categories 1 
evaluated here includes the following: 2 

• Coarse sediment 3 
• Fine sediment 4 
• Hydrology  5 
• Large woody debris 6 
• Leaf/needle litter recruitment 7 
• Floodplains, off-channel areas, and the hyporheic zones 8 
• Lakes, reservoirs, and nearshore marine areas 9 
• Water temperature  10 
• Dissolved oxygen 11 
• Forest chemicals  12 
• Fish passage 13 

Evaluation criteria were identified for each of the issues and are used to compare and 14 
contrast the likely effects of implementing each of the alternatives. As described earlier, 15 
the measures used in this subsection are drawn primarily from analyses described in other 16 
subsections of this document and from DEIS Appendix A, Regional Summaries, which 17 
include details on current conditions by region.  The goal of this chapter section is to 18 
synthesize and examine these measures and others as they relate to covered fish species 19 
and a properly functioning aquatic ecosystem.  The following is a brief description of the 20 
issues and their measures and criteria.  Most of the descriptions will refer the reader to 21 
previous subsections where more complete descriptions have been provided.  22 

4.8.2.1 Coarse Sediment 23 
Coarse sediment (particles typically larger than sand) affects the amount of spawning 24 
habitat, pool filling, bank stability, and stream hydrology (Spence et al. 1996) (subsection 25 
3.8.3.1, Fine Sediment). The four alternatives address management-related coarse 26 
sediment inputs by preventing or minimizing accelerated coarse sediment production 27 
from mass wasting and reducing coarse sediment production from roads and culvert 28 
failures. 29 

The effects of the alternatives on coarse sediment production from mass wasting and 30 
roads were evaluated in subsection 4.4 (Geology, Soils, and Erosional Processes). Mass 31 
wasting was evaluated by comparing the strategies used in defining and detecting 32 
unstable slopes and landforms during the forest practices application review process and 33 
by comparing the measures used in avoiding and mitigating management-related mass 34 
wasting. Coarse sediment production from roads was analyzed by qualitative evaluation 35 
of road management practices under the alternatives. 36 

4.8.2.2 Fine Sediment 37 
High levels of fine sediment in streams can be detrimental to the survival of eggs and fry 38 
incubating in redds (Iwamoto et al. 1978; Chapman 1988; Chapman and McLeod 1987; 39 
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Gregory and Bisson 1997).  Increases in fine sediment can also affect stream 1 
morphology, which can affect water temperature (subsection 4.8.2.8) (Rashin et al. 1999; 2 
Sullivan et al. 1990).  Sources of fine sediment include hillslope erosion, surface erosion 3 
from roads, streambanks, mass wasting, and culvert failure (Furniss et al. 1991; 4 
Chamberlin et al. 1991; Swanson et al. 1987).  Vegetation in RMZs provides filtering of 5 
fine sediments from upslope areas and stability to streambanks.  Overbank sediments are 6 
trapped by roughness elements such as vegetation and downed woody debris (Johnson 7 
and Ryba 1992; FEMAT 1993; Belt et al. 1992; Gregory et al. 1991).   8 

The effect of the alternatives on hillslope erosion and bank stability was evaluated in 9 
subsection 4.4 (Geology, Soils, and Erosional Processes).  Hillslope erosion was 10 
evaluated by comparing the percent of riparian vegetation that is protected under the 11 
different management prescriptions for the different stream types and regions using the 12 
sediment equivalent buffer area index.  The bank stability evaluation was based upon the 13 
percentage of the riparian area that is protected by different management prescriptions. 14 

Improperly constructed and maintained forest roads can also be an important source of 15 
fine sediment (Furniss et al. 1991; Chamberlin et al 1991; Spence et al. 1996).  16 
Furthermore, stream crossings can be the location of direct delivery of fine sediment to 17 
streams (Furniss et al. 1991; Swanson et al. 1987).  Numerous factors can affect the 18 
production and delivery of fine sediment from roads including the number of road miles, 19 
the construction materials, road drainage structures, the level of use and maintenance, and 20 
the number of stream crossings (subsection 4.4, Geology, Soils, and Erosional Processes) 21 
(Furniss et al. 1991; Swanson et al. 1987).   22 

4.8.2.3 Hydrology 23 
The amount of timber harvest in a watershed and the forest road density can affect the 24 
hydrologic regime of a stream.  Particularly in rain-on-snow regions, immature forest 25 
stands and high road densities can result in higher frequency and higher magnitude peak 26 
flows (Spence et al 1996; Chamberlin et al. 1991).  This issue was evaluated for the 27 
alternatives in subsection 4.5.2 (Surface Water Quantity) by considering the effect of the 28 
alternatives on the percentage of a watershed that can be harvested and on limiting road 29 
densities. 30 

4.8.2.4 Large Woody Debris 31 
LWD is one of the most important components of high quality fish habitat affecting 32 
nutrients, food, cover, and channel morphology (Dolloff and Warren 2003; Zalewski and 33 
Lapinska et al. 2003; Bilby and Bisson 1998; Spence et al. 1996; Beechie and Sibley 34 
1997; Gregory et al. 1991).  The effects of the alternatives on LWD recruitment have 35 
been evaluated previously in the Riparian Processes subsection (subsection 4.7.1) using 36 
the LWD equivalent buffer area index as a comparative tool. 37 

4.8.2.5 Leaf/Needle Litter Recruitment 38 
Harvest within or near riparian zones can affect the recruitment of leaf and needle litter, 39 
an important nutrient source for forested streams (Bilby and Bisson 1992).  Effects of the 40 
alternatives on leaf and needle litter recruitment have been evaluated previously in the 41 
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Riparian Processes subsection (subsection 4.7.1) using 0.5 site potential tree height as a 1 
criterion for protecting most leaf and needle litter inputs to streams.  2 

4.8.2.6 Floodplains, Off-channel Areas, and the Hyporheic Zone 3 
Floodplains and off-channel areas are an important component of aquatic habitat and 4 
include side channels, backwater alcoves, ponds, and wetlands. These areas are often 5 
associated with significant hyporheic zones, as they commonly occur with alluvial 6 
conditions that are often found in floodplains and off-channel areas (Edwards 1998; 7 
Naiman et al. 2000).  Hyporheic zones are the saturated sediment region under and along 8 
streams. As noted in subsection 3.8.4.6 (Floodplains, Off-channel Habitats, and 9 
Hyporheic Zones), hyporheic zones often connect between groundwater and surface 10 
water and often supply important habitat for hyporheic organisms such as insects, 11 
bacteria, and fungi (Edwards 1998; Naiman et al. 2000).  The effects of the alternatives 12 
on floodplain and off-channel areas were evaluated in the subsection 4.4 (Geology, Soils, 13 
and Erosional Processes), and, in the case of the hyporheic zone, in subsection 4.5.3.2 14 
(Groundwater). Evaluations were based upon a qualitative analysis of the different 15 
prescriptive features of the alternatives. 16 

4.8.2.7 Lakes, Reservoirs, and Nearshore Marine Areas 17 
Lakes, reservoirs, and nearshore marine areas have some common features that need to 18 
be maintained to ensure protection of native anadromous and freshwater fishes. Lakes 19 
and reservoirs supply rearing, spawning, and migratory habitat for many fishes, while 20 
nearshore marine areas are primarily of importance as habitat for juvenile salmonids and 21 
baitfish (Wydoski and Whitney 2003; Groot and Margolis 1991; Emmett et al. 1991). 22 
The shallow water regions of all these areas may include rearing habitat for juvenile 23 
species and, in some cases, spawning (e.g., for kokanee or sockeye in some lakes) 24 
(subsection 3.8.2, Life History of Affected Species; FPHCP Chapter 3).  25 

The recruitment of LWD to all these areas contributes organic input to the system but 26 
also influences the development of habitat structure for potential fish rearing habitat.  The 27 
rate and type of sediment accumulation in the shallows also influences habitat, foodwebs, 28 
and production (Simenstad et al. 1979).  The maintenance of estuarine habitat through 29 
sediment and LWD inputs is important.  For example, Collins et al. (2002) reported that 30 
large wood jams in major Puget Sound estuaries historically influenced intertidal channel 31 
formation, pool depth, and sediment distribution. Also, excessive sedimentation in 32 
lakeshores has been found to adversely affect spawning sockeye salmon (McHenry et al. 33 
1996). The criteria used to evaluate the effects of the alternatives on these areas is the 34 
degree to which each alternative protects LWD recruitment, especially in the larger fish-35 
bearing streams and lake shores, and how well each controls sediment input.   36 

4.8.2.8 Water Temperature 37 
As described in subsection 3.8.1 (Fish and Fish Habitat, Introduction), Pacific salmon and 38 
trout require cool, clean water to thrive (subsection 3.8.2, Life History of Affected 39 
Species) (Washington Department of Ecology 2002a; Bjornn and Reiser 1991).  Stream 40 
shade is important in regulating stream temperatures (subsection 4.5.1, Surface Water 41 
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Quality). The effect of the alternatives on shade levels has been evaluated in the Riparian 1 
Processes subsection (subsection 4.7.1.2) by comparing the retention of riparian 2 
vegetation under the different management prescriptions for the different stream types 3 
and regions. 4 

4.8.2.9 Forest Chemicals 5 
Presence of pesticides used to control undesirable plants, insects, and fungi may also 6 
affect fish production and water quality (Spence et al. 1996). Pesticide use is an important 7 
management tool for speeding reforestation by reducing competition and disease.  8 
Pesticide use under each alternative is described and evaluated in subsection 4.5.1 9 
(Surface Water Quality) and subsection 4.5.3 (Groundwater).  For evaluation of this 10 
water quality component, minimum buffer widths along surface waters were used as the 11 
evaluation criterion (Note: The reader is reminded that forest chemical activities are not 12 
included as a proposed covered activity in the State’s application for incidental take 13 
authorization). 14 

4.8.2.10 Dissolved Oxygen 15 
High and consistent dissolved oxygen levels are critical for all life stages of salmon and 16 
trout (Spence et al. 1996).  Acceptable dissolved oxygen levels vary by life stage, but one 17 
of the most critical areas for maintaining dissolved oxygen levels is in the stream gravels 18 
during egg deposition and intergravel development and growth of alevins and fry.  19 
Generally, higher levels in the water column are needed to ensure adequate levels are 20 
present in the gravel for egg and alevin development (Hicks 2002).  Factors reducing 21 
dissolved oxygen concentration include increased sediment deposition (for intergravel 22 
concentrations), increased stream temperature, and substantially increased nutrient levels 23 
or high amounts of easily decaying organic debris (Welch et al. 1998and Lindell 1980; 24 
Spence et al. 1996).  Alternatives that maintain these parameters at low or acceptable 25 
levels would most likely maintain adequate dissolved oxygen levels.  Evaluation of the 26 
alternatives was tied to likelihood of increased fine sediment inputs and stream 27 
temperatures.   28 

4.8.2.11 Fish Passage 29 
Barriers to fish passage from road crossings affect the ability of fish to access available 30 
habitat (U.S. General Accounting Office 2001; Furniss et al. 1991; Palmisano et al. 31 
1993).  Historical road building under much less protective forest practices rules is 32 
thought to have led to many fish barriers and associated habitat loss.  Current fish 33 
distribution is generally recognized to be more limited than historical distribution.  34 
Criteria for construction of stream crossing structures are currently based, in part, on 35 
whether a stream is fish-bearing (WAC 222-24-040).  For example, culverts must have a 36 
minimum diameter of 24 inches for streams with anadromous fish and a minimum 37 
diameter of 18 inches for streams with resident game fish.  Therefore, the assumptions 38 
made in determining if a stream is fish-bearing are critical for the construction of new 39 
stream crossings and for evaluating whether existing stream crossings meet current 40 
Washington Forest Practices Rules. 41 
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Fish passage also can be affected by stream flow, water temperature, and suspended and 1 
bedload sediment delivery and routing through streams (subsection 3.8.4.10, Fish 2 
Passage).  However, these effects are temporally and spatially difficult to assess as 3 
affected by forest practices. 4 

Evaluation of the potential effects of the alternatives on fish passage will be based 5 
primarily on how the rules modify stream typing assumptions and the effect this will have 6 
on new stream crossing construction and treatment of existing structures.  The measure to 7 
be utilized will be the proportion of stream miles that are considered fish-bearing versus 8 
non-fish-bearing stream miles.  In addition, a qualitative comparison will be made of 9 
alternative programs for decommissioning and maintaining roads and replacing problem 10 
culverts. 11 

4.8.3 Evaluation of Alternatives 12 
As with the other resources, expected effects on fish and their habitats can most readily 13 
be compared if the alternatives are discussed in three distinct alternative groups since the 14 
most pronounced differences are based on management of riparian buffers, which do not 15 
vary among all alternatives.  The three groups are: 1) No Action Alternative 1-Scenario 16 
2; 2) No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3; and 3) 17 
Alternative 4.  This subsection presents a synthesis of the results of the alternative 18 
evaluations for each issue as they relate to the fish resource.  The effects of the 19 
alternatives on the 11 fish and fish habitat issues identified above, are analyzed in this 20 
subsection.   21 

In reading this analysis, it should be remembered from Chapter 2 (Alternatives) that 22 
under the No Action Alternative no ITPs or ESA Section 4(d) take authorization would 23 
be issued.  However, this lack of action would likely affect the Forest Practices 24 
Regulatory Program in a way that is difficult to predict.  Therefore, two scenarios, which 25 
represent the endpoints of the reasonable range of possible outcomes for the Forest 26 
Practices Regulatory Program, have been defined (subsection 2.3.1, No Action 27 
Alternative 1) to represent the No-Action Alternative.  The effects of No Action are 28 
displayed for both of these endpoints in the following subsections, but the actual outcome 29 
and the actual effects of No Action on each of these issues are likely to fall between these 30 
two scenarios.  With respect to Alternative 4, the level of resource protection provided 31 
depends on the rate at which landowners convert forestland to other uses.  These other 32 
uses would most likely result in negative impacts to fish and their habitat.  However, the 33 
following discussion of impacts on fish and their habitat resulting under Alternative 4 34 
focuses on the benefits to fish from more protective Forest Practices Rules, because the 35 
rate of forestland conversion is difficult to predict. 36 

4.8.3.1 Coarse Sediment 37 
Overview of Effects 38 
The effects of the alternatives on coarse sediment delivery are analyzed in this 39 
subsection.  It is important to note that, from an historical perspective, coarse sediment 40 
delivery to streams has been substantially reduced over time because of improvements in 41 
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road construction methods, the frequency of maintenance, and the implementation of 1 
BMPs (subsection 3.4.2.3, History of Forest Practices Affecting Erosion and 2 
Sedimentation).  Therefore, compared to baseline conditions, coarse sediment delivery 3 
and the resulting effects on fish habitat is not expected to increase under any of the 4 
alternatives, although the rate of reduction would vary substantially.  The following 5 
paragraphs address the degree to which each alternative would affect coarse sediment 6 
delivery.  7 

No Action Alternative 1-Scenario 2 would result in a moderate likelihood of coarse 8 
sediment delivery from harvest and road-related mass wasting events.  The likelihood 9 
would be somewhat reduced where Watershed Analysis occurs due to the development of 10 
management prescriptions that address coarse sediment inputs.  Relative to the other 11 
alternatives, No Action Alternative 1-Scenario 2 would have the highest rate of coarse 12 
sediment input. 13 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, would all result in a low to 14 
moderate likelihood of coarse sediment delivery due to wider buffers and improved 15 
harvest and road maintenance practices relative to No Action Alternative 1-Scenario 2.  16 
However, existing roads would have a moderate likelihood of coarse sediment delivery in 17 
the short term since RMAP implementation would not be complete until 2016.  Higher 18 
levels of protection would result in less streambed aggradations resulting from forest 19 
practices and a reduction in the likelihood of habitat degradation from pool filling and 20 
modified channel capacity. 21 

The likelihood of coarse sediment delivery would be low for Alternative 4, because it 22 
includes extensive no-harvest buffers, an accelerated schedule for implementing RMAPs, 23 
and no net increase in road densities.  Relative to all other alternatives, Alternative 4 24 
would have the lowest rate of coarse sediment input.  A detailed analysis of the 25 
alternatives is presented in the following subsection. 26 

Detailed Effects Analysis 27 
Coarse sediment delivery to streams primarily originates from two sources:  1) mass 28 
wasting and 2) streambank erosion (Spence et al. 1996; Swanston 1991).  Mass wasting 29 
can deliver large, but infrequent inputs of coarse and fine sediment to streams (Swanston 30 
1991; Swanson et al. 1987).  In contrast, streambank erosion can be a chronic problem 31 
resulting from changes in riparian root-strength and/or hydrology (Swanston 1991; 32 
FEMAT 1993; Montgomery and Wohl 20034).  Mass wasting is a natural phenomenon 33 
that occurs in watersheds without any major land-use activities.  Both mass wasting 34 
(including debris flows) and streambank erosion are natural processes and can be 35 
important sources of coarse sediment and LWD to streams (Swanston 1991; Reeves et al. 36 
2003; Benda et al. 2003; Swanson et al. 1987).  However, forest practices have been 37 
shown to increase the frequency of mass wasting and the level of streambank erosion.   38 

The two main management-related factors that contribute to increased mass wasting and 39 
streambank erosion are timber harvest and roads (Swanston et al. 1987; Chamberlin et al. 40 
1991; Furniss et al. 1991; Spence et al. 1996).  Timber harvest on unstable slopes can 41 
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increase the potential for mass wasting by reducing tree root strength that helps maintain 1 
soil cohesion.  Forest roads can increase mass wasting by reducing the structural strength 2 
of soil materials, concentrating water drainage in high hazard areas, and creating 3 
conditions that result in culvert failures.  Because the initiation point of road-related mass 4 
wasting can occur at stream crossings, adverse effects to streams from a large quantity of 5 
sediment and debris over a short period is often more severe than hillslope mass wasting 6 
that does not directly enter streams, or only does so gradually. 7 

No Action Alternative 1-Scenario 2 8 
Under No Action Alternative 1-Scenario 2, the rate of harvest-related and road-related 9 
mass wasting events under the Washington Forest Practices Rules in effect on January 1, 10 
1999 is expected to continue, and the likelihood of mass wasting would be considered 11 
moderate (subsection 4.4, Geology, Soils, and Erosional Processes).  New roads crossing 12 
unstable slopes require Class IV-Special permits, but no standardized method is currently 13 
in use for identifying unstable slopes.  Currently, to the extent possible, unstable slopes 14 
are identified in Watershed Analysis and through forest practices application review.  15 
Existing roads would only be upgraded following Watershed Analysis or as part of a 16 
forest practices application.  Infrequently used roads greater than 10 years old and 17 
orphaned roads would continue to be at high likelihood of failure in some areas.  18 

Streambank stability is also likely to be periodically reduced along all westside and 19 
eastside streams subject to adjacent harvest.  Fish-bearing streams (Types 1 to 3) would 20 
have some protection provided by RMZs, but selective harvest within the RMZs would 21 
result in less than full protection.  In addition, Type 4 and 5 waters would have no 22 
protection resulting from RMZs.  Depending on tree species, loss of root strength and 23 
decline of streambank stability after timber harvest can take as long as 5 years while 24 
restoration of stability from new tree and vegetation growth may take more than 12 years.  25 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 26 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 27 
the adaptive management program among this group of alternatives (No Action 28 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 29 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 30 

Relative to No Action Alternative 1-Scenario 2, No Action Alternative 1-Scenario 1 and 31 
Alternatives 2 and 3 would offer greater protection from harvest-related mass wasting 32 
because a more-refined and uniform screening method would be implemented.  Greater 33 
success in identifying high hazard slopes should result in more Class IV-special 34 
applications, greater environmental review, and implementation of more restrictive 35 
harvest prescriptions for these areas. Overall, No Action Alternative 1-Scenario 1 and 36 
Alternatives 2 and 3 are rated as having moderate potential for harvest-related mass 37 
wasting. 38 

Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, substantial 39 
improvements would occur in the planning and construction of new roads.  Relative to 40 
No Action Alternative 1-Scenario 2, more new roads planned for potentially unstable 41 
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slopes (based upon new Washington DNR hazard maps) would require a Class IV-special 1 
application that would result in greater environmental review.  No Action Alternative 1-2 
Scenario 1 and Alternatives 2 and 3 would also require the preparation of RMAPs.  3 
RMAPs would require inventories of roads and schedules and plans for correcting 4 
identified problems.  No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would 5 
also require road upgrades to new standards within 10 to 15 years.  Relative to roads, No 6 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3 are considered to have low to 7 
moderate likelihood of adverse effects.  Some coarse sediment delivery to streams from 8 
forest roads would likely occur regardless of management activities; however, the 9 
frequency and magnitude of events should be substantially reduced. 10 

Under both harvest prescription options, No Action Alternative 1-Scenario 1, Alternative 11 
2, and Alternative 3 would provide substantial streambank protection compared to No 12 
Action Alternative 1-Scenario 2, but would not provide full protection.  Changes in the 13 
stream typing system (See Fish Passage information below) and the presence of no-14 
harvest core zones would substantially increase the number of Type F and S stream miles 15 
that receive a relatively high level of protection.  However, up to 50 percent of Type NP 16 
stream reaches and all Type NS reaches would receive no protection from harvest, but 17 
would have Equipment Limitation Zones.  Consequently, a moderate likelihood of coarse 18 
sediment delivery due to accelerated streambank erosion would exist for Type N streams. 19 

Alternative 4 20 
Alternative 4 has higher protection to streams from harvest-related mass wasting events 21 
compared to both scenarios of No Action Alternative 1 and Alternatives 2 and 3 because 22 
it includes wider no-harvest buffers on all streams and greater restrictions on activities on 23 
unstable slopes.  Alternative 4 also requires a cap on road densities at current levels. 24 
Alternative 4 would provide for complete bank stability (erosion) functions of riparian 25 
vegetation for nearly all streams.  The RMZ widths proposed under this alternative are at 26 
least 70 feet and exceed the criterion for full protection of streambank stability (i.e., 0.3 27 
site potential tree height) under most situations.  In addition, the RMZs would include a 28 
no-harvest prescription.  Consequently, Alternative 4 is rated as having a low likelihood 29 
of coarse sediment delivery due to accelerated streambank erosion, compared to No 30 
Action Alternative 1-Scenario 1 and No Action Alternative 1-Scenario 2. 31 

4.8.3.2 Fine Sediment  32 
Overview of Effects 33 
The effects of the alternatives on fine sediment delivery are analyzed in this subsection.  34 
It is important to note that, from a historical perspective, fine sediment delivery to 35 
streams has been substantially reduced over time because of improvements in road 36 
construction methods, the frequency of road maintenance, and the implementation of 37 
BMPs (subsection 3.4.2.3, History of Forest Practices Affecting Erosion and 38 
Sedimentation).  Therefore, compared to baseline conditions, the amount of fine sediment 39 
delivery and resulting effects on fish habitat is not expected to increase under any of the 40 
alternatives although the rate of reduction would vary substantially.  The following 41 
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paragraphs address the likelihood of fine sediment delivery and associated effects by 1 
alternative in a comparative manner 2 

Considering both harvest-related and road-related management prescriptions (See below), 3 
No Action Alternative 1-Scenario 2 would result in a high likelihood of fine sediment 4 
delivery and associated adverse effects relative to all other alternatives. 5 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would result in a low to 6 
moderate likelihood of fine sediment delivery and associated adverse effects primarily 7 
because of the requirements for RMAPs and road upgrades.  However, there is a high 8 
degree of uncertainty regarding the effectiveness of protection measures along Type N 9 
streams under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3.  Although 10 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide substantial 11 
improvements over No Action Alternative 1-Scenario 2, none of the alternatives would 12 
be expected to eliminate all management-related fine sediment delivery. 13 

Alternative 4 would result in a low likelihood of fine sediment delivery and associated 14 
effects because no-harvest buffers would be more extensive, RMAP implementation 15 
would be accelerated, and because it includes a “no net increase” clause for road density.  16 
Otherwise, protections are similar to No Action Alternative 1-Scenario 1 and Alternatives 17 
2 and 3.  The likelihood for sediment delivery would be reduced relative to all other 18 
alternatives, but not eliminated.  A detailed analysis of the alternatives is presented in the 19 
following subsection. 20 

Detailed Effects Analysis 21 
Fine sediment loading to streams affects the quality and quantity of spawning and rearing 22 
habitat by filling in the spaces between gravels and cobbles and by filling pools (Hicks et 23 
al. 1991; Everest et al. 1987; Cedarholm and Reid 1987).  Similar to coarse sediment 24 
loading, fine sediment production is related to both timber harvest and road management 25 
practices (Furniss et al. 1991; Spence et al. 1996).  Vegetation in riparian zones is 26 
important for filtering and retaining fine sediment eroding from hillslope areas (Naiman 27 
et al. 1998).  Similar to coarse sediment, some fine sediment is delivered to streams 28 
during infrequent mass wasting events (Furniss et al. 1991).  In addition, roads can be a 29 
chronic source of fine sediment from surface erosion, and harvest activities can 30 
contribute to increases in hillslope erosion (Furniss et al. 1991; Hicks et al. 1991; Everest 31 
et al. 1987).   32 

The sediment equivalent buffer area index was calculated for the proposed management 33 
prescriptions under the three alternative groupings.  The sediment equivalent buffer area 34 
index values are standardized as percentages with the maximum equivalent buffer area 35 
index of 100 percent defined for a no-harvest condition and a clearcut providing a 60 36 
percent value (Figures 4.4-1 and 4.4-2). 37 

Many watersheds are currently at road densities considered too high for a properly 38 
functioning aquatic ecosystem (less than 2 miles/mile2 , NMFS 1996a; less than 1 39 
mile/mile2, USFWS 1998a).  Information on existing road density is contained in 40 
subsection 3.4.2.2 (Forest Practices Effects on Erosion and Sedimentation) and DEIS 41 
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Appendix D (Road Density).  Increases in road density have been negatively correlated 1 
with the occurrence of and number of bull trout redds of bull trout (Baxter et al. 1999; 2 
Ripley et al. 2005).  However, road density criteria should be viewed with caution 3 
because the functional relationship between road density and effects to the aquatic 4 
ecosystem can vary among different watersheds depending upon watershed 5 
characteristics (soil, climate, and topography) and characteristics of the road system (age, 6 
usage, and level of maintenance).  Nevertheless, road density can be a useful descriptor to 7 
enhance understanding of the overall level of disturbance to a watershed.  Road density is 8 
one of 19 physical indicators recommended by the Services to assess a properly 9 
functioning aquatic ecosystem, including several that evaluate road effects more directly 10 
(e.g., sediment and channel condition). 11 

No Action Alternative 1-Scenario 2 12 
Under No Action Alternative 1-Scenario 2, the equivalent buffer area index for sediment 13 
was calculated at 65 to 78 percent of the maximum equivalent buffer area index (full 14 
protection) for all westside streams and at 67 to 76 percent for all eastside streams.  This 15 
is dependent upon the buffer width criteria that is assumed to fully filter fine sediment 16 
from hillslope surface erosion (i.e., 30 feet or 200 feet) (DEIS Appendix B).  17 
Consequently, No Action Alternative 1-Scenario 2 would result in a high likelihood of 18 
fine sediment delivery resulting from hillslope erosion. 19 

Under No Action Alternative 1-Scenario 2, the approach to road management is based 20 
primarily upon the implementation of BMPs that were approved by Ecology and 21 
described in the January 1, 1999 Washington Forest Practices Rules and the Washington 22 
Forest Practices Board Manual (Washington Forest Practices Board 2001c, 2002; 23 
Washington Forest Practices Board 2001b). In addition, many of the rules include 24 
discretionary language by encouraging, but not requiring, certain activities. A study on 25 
the effectiveness of these BMPs found that many practices were ineffective even when 26 
implemented according to standards and guidelines (Rashin et al. 1999). Other activities, 27 
such as preparation of an RMAP or additional maintenance on culverts only occur when 28 
required by Washington DNR.  However, there are no descriptions of specific triggers 29 
that would prompt Washington DNR to require these activities. Under the Washington 30 
Forest Practices Rules for No Action Alternative 1-Scenario 2, there is little incentive for 31 
landowners to abandon (i.e., close and remediate) roads.  Consequently, many roads 32 
would remain in an inactive status with minimal maintenance.  Roads built before 1974 33 
and unused since 1974 have been termed “orphan” roads.  The Washington Forest 34 
Practices Rules under No Action Alternative 1-Scenario 2 would have no policies 35 
directed towards management of orphan roads.  Consequently, No Action Alternative 1-36 
Scenario 2 is considered to pose a high likelihood for fine sediment delivery from roads. 37 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 38 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 39 
the adaptive management program among this group of alternatives (No Action 40 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 41 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 42 
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The sediment equivalent buffer area index (Figures 4.4-1 and 4.4-2) suggests that No 1 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide about 73 to 91 2 
percent protection relative to no-harvest for westside streams and 71 to 88 percent for 3 
eastside streams, depending on the evaluation criterion (i.e., buffer width of 30 feet or 4 
200 feet).  No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide a 5 
relatively high level of sediment filtering capacity.  No Action Alternative 1-Scenario 1 6 
and Alternatives 2 and 3 would provide substantially more sediment filtering protection 7 
than No Action Alternative 1-Scenario 2.   8 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would require large forest 9 
landowners to fully implement RMAPs by December 2016 if Watershed Analysis has not 10 
been completed within that watershed; and upgrades identified in the RMAPs must also 11 
be completed by 2016. Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 12 
3, corrections of problem orphan roads would begin after all large landowner RMAPs 13 
have been submitted, the hazard reduction statute RCW Chapter 76.09.300 has been 14 
evaluated, and determination of need for public funding for repair or abandonment of 15 
orphan roads has taken place. Small landowners would also be required to prepare 16 
RMAPs, but would not be required to submit them until they file a forest practices 17 
application with Washington DNR.   18 

An important component to RMAP preparation is review.  Under No Action Alternative 19 
1-Scenario 1 and Alternatives 2 and 3, RMAPs would be open to review by WDFW, 20 
tribal entities, and Ecology.  However, the authority to require changes to an RMAP 21 
would be held solely by Washington DNR.  Thus, the requirements to address roads and 22 
sediment delivery under No Action Alternative 1-Scenario (and Alternatives 2 and 3) 23 
would result in low to moderate likelihood of fine sediment delivery and associated 24 
adverse effects primarily because of the requirements for RMAPs and road upgrades; a 25 
substantial improvement over No Action Alternative 1-Scenario 2. 26 

Alternative 4 27 
Under Alternative 4, the sediment equivalent buffer area index would be 91 to 100 28 
percent for the westside and 94 to 100 percent for the eastside.  The sediment index 29 
suggests that Alternative 4 would provide at or near the maximum level of sediment 30 
filtering capacity; more than No Action Alternative 1-Scenario 1, and substantially more 31 
than No Action Alternative 1-Scenario 2.    32 

In contrast to No Action Alternative 1-Scenario 1, Alternative 4 would require that 33 
activities to fix problem orphan roads occur on the same schedule as other roads.  In 34 
addition to scheduling differences, Alternative 4 would require a no net increase in road 35 
density within an ownership or watershed.  Alternative 4 also provides an important, 36 
added level of protection over No Action Alternative 1-Scenario 1 by capping road 37 
densities at current levels, and by requiring upgrades by 2011.  Thus, Alternative 4 has 38 
the lowest potential for streams to be adversely affected by the delivery of fine sediment 39 
from roads due to the “no net increase” road density clause and accelerated improvement 40 
schedule.  41 
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4.8.3.3 Hydrology 1 
Overview of Effects 2 
The effects of the alternatives on hydrology, as affected by harvest practices and road 3 
density, are analyzed in this subsection.  Relative to historical practices (prior to the 4 
Washington Forest Practices Rules in effect on January 1, 1999), which have modified 5 
hydrologic conditions via road construction and maintenance and harvesting, all 6 
alternatives would facilitate recovery of hydrology as roading and harvest practices that 7 
could affect hydrology would improve.  Therefore, compared to baseline conditions, flow 8 
alterations (peak and low flows), and effects on fish habitat are not expected to increase 9 
under any of the alternatives, although the rate of recovery would vary slightly.  The 10 
following paragraphs address the likelihood of hydrologic change by alternative in a 11 
comparative manner. 12 

No Action Alternative 1-Scenario 2 would result in a moderate likelihood of peak flow 13 
increases.  Watershed analysis would reduce the likelihood in areas where it is conducted. 14 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would also result in a 15 
moderate likelihood of peak flow increases.  Compared to No Action Alternative 1-16 
Scenario 2, No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 may have fewer 17 
watershed analyses performed.  However, these reduced protections would likely be 18 
offset by improvements in riparian protection and the construction, maintenance, and 19 
abandonment of roads under these alternatives. 20 

Alternative 4 would result in a low likelihood of peak flow increases because it addresses 21 
cumulative watershed harvest by limiting the size of clearcuts in the rain-on-snow zone, 22 
and has a “no net increase” clause for road density. 23 

Detailed Effects Analysis 24 
Forest roads and timber harvest can affect the hydrologic regime of a stream.  High road 25 
densities and immature forest stands, particularly in rain-on-snow zones, can produce 26 
larger and more frequent peak flows.  Roads influence stream hydrology by routing water 27 
collected on the road surface.  The primary negative effect of peak flows on salmonids 28 
occurs while eggs incubate in redds, but other effects include accelerated bank erosion 29 
and changes in channel morphology.  Peak flows can result in scour that disturbs the 30 
highly sensitive eggs and causes increased mortality (subsection 3.5.2, Surface Water 31 
Quantity, and subsection 4.5.2, Surface Water Quantity). 32 

No Action Alternative 1-Scenario 2 33 
Under No Action Alternative 1-Scenario 2, the likelihood for peak flow increases is 34 
reduced in areas that have undergone Watershed Analysis.  Washington DNR is required 35 
by State law to conduct Watershed Analysis within all non-agricultural watersheds of the 36 
State with more than 1,000 acres of forestland and less than 80 percent Federal 37 
ownership.  A Watershed Analysis can be conducted voluntarily by a private landowner.  38 
Under No Action Alternative 1-Scenario 2, Watershed Analysis provides landowners 39 
with increased certainty about the prescriptions that would be required on their lands.  No 40 
Action Alternative 1-Scenario 2 would result in a moderate likelihood of peak flow 41 
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increases because Watershed Analysis would provide more restrictive prescriptions 1 
where peak-flow effects are probable, but not all watersheds are likely to undergo 2 
analysis. 3 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3  4 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would have a slightly higher 5 
likelihood of effects on peak flows in the near-term, relative to No Action Alternative 1-6 
Scenario 2, because fewer watershed analyses are likely to be performed by private 7 
landowners.  Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, 8 
Watershed Analysis would have more modules that would make them more costly to 9 
conduct.  Consequently, many of the benefits of Watershed Analysis would likely be 10 
delayed until the Washington DNR conducted the analyses and incorporated the results 11 
during its review of forest practices applications.   12 

Alternative 4 13 
In the long-term, Alternative 4 would likely provide the lowest likelihood of peak flow 14 
increases relative to either scenario of the No Action Alternative 1 because it includes 15 
rules limiting the amount of hydrologically immature forest cover within the rain-on-16 
snow zone, and Watershed Analysis would incorporate a new eastside hydrology module.  17 
The differences in the alternatives relative to potential effects on peak flows are more 18 
apparent in westside watersheds than eastside watersheds because rain-on-snow is a more 19 
common peak flow generating process on the westside. 20 

Road-related effects on peak flows in forested watersheds are relatively minor compared 21 
to harvest-related effects.  Alternative 4 has similar road prescriptions to No Action 22 
Alternative 1-Scenario 1 that would provide only slight improvements relative to No 23 
Action Alternative 1-Scenario 2 for addressing peak flow issues.  Although Alternative 4 24 
does not require reductions in road density over current levels, it does provide a cap on 25 
road density at current levels reducing the road-related effects on peak flow in the long-26 
term compared to both scenarios of the No Action Alternative 1. 27 

4.8.3.4 Large Woody Debris 28 
Overview of Effects 29 
An overview of the effects of the alternatives on LWD recruitment is presented in this 30 
subsection.  As noted below, LWD is a key component of fish habitat providing cover 31 
and pools, and influencing sediment distribution and storage, forming floodplain and 32 
offchannel habitats, and serving as food and habitat for aquatic organisms.  For 33 
perspective, LWD in streams has been greatly reduced in nearly all streams within the 34 
State due to historical logging practices, but also other land use practices (e.g., 35 
agriculture, urbanization) (subsection 3.7.1.6, Historic Protection of Riparian Areas, and 36 
subsection 3.7.1.7, Current Condition of Riparian Areas).  However, the current 37 
Washington Forest Practices Rules, as well those in effect on January 1, 1999, would 38 
provide substantially more LWD than was provided under historical harvest practices, 39 
especially along fish-bearing streams.  Therefore, the amount of LWD produced within 40 
riparian zones on covered forestlands is increasing due to tree growth and because the 41 
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Washington Forest Practices Rules under any of the alternatives would result in the 1 
retention of more trees along fish-bearing streams that could become LWD, especially 2 
relative to historical practices.  However, in the near-term LWD in streams would 3 
continue to decrease, especially in larger streams, as LWD supplied by older forest stands 4 
naturally declines due to the decay of trees and transport.  LWD supplied from the 5 
riparian area along fish-bearing streams, in the long term, would increase under any of 6 
the alternatives, relative to baseline riparian conditions.  Along non-fish-bearing streams, 7 
the amount of LWD would likely reduce (from natural decay and transport) under all 8 
alternatives in the short term but in the long term would remain close to baseline 9 
conditions or increase depending on the alternative.  Since some LWD in fish-bearing 10 
streams is supplied from upstream non-fish-bearing channels, those alternatives that do 11 
not provide RMZs on non-fish-bearing streams would reduce future supply to fish-12 
bearing streams.  Increases in LWD due to tree growth would be very slow to occur and 13 
represent long-term improvements.  The following paragraphs summarize the degree to 14 
which the alternatives affect LWD recruitment.  A more detailed conclusion is included 15 
at the end of this subsection. 16 

No Action Alternative 1-Scenario 2 would likely reduce the quantity and quality of fish 17 
habitat due to inadequate recruitment of LWD in both eastside and westside forests.  18 
Because of the many important functions of instream LWD, this would ultimately reduce 19 
fish habitat quality including reduced pools, sediment retention, food sources, channel 20 
formation, and floodplain habitat development.  Minimal inputs of LWD to non-fish-21 
bearing streams would adversely affect LWD, food, and sediment supply in fish-bearing 22 
streams. 23 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would result in a low to 24 
moderate likelihood of diminished LWD but would likely provide adequate LWD inputs 25 
to fish-bearing streams.  These alternatives would supply much more LWD to fish-26 
bearing streams than No Action Alternative 1-Scenario 2.  However, it is uncertain 27 
whether No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide 28 
adequate protection of LWD recruitment from non-fish-bearing streams to fish-bearing 29 
streams, but inputs would be much greater than under No Action Alternative 1-Scenario 30 
2.   31 

Active wood placement strategies, which are an option under these alternatives, are 32 
important for meeting near-term LWD needs in many fish-bearing streams.  Streams with 33 
low existing levels of LWD and early- to mid-seral riparian stands may require active 34 
placement to meet adequate LWD levels over the near term (the next 30 or more years). 35 

Alternative 4 would result in a low likelihood of diminished LWD recruitment in both 36 
fish-bearing and non-bearing streams due to the extensive RMZs on nearly all streams.  37 
The effect would be greater assurance of improving and maintaining important habitat 38 
features (e.g. pool, channel formation) compared to the other alternatives, especially 39 
relative to No Action Alternative 1-Scenario 2. 40 
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Detailed Effects Analysis 1 
Instream LWD is considered to be one of the most important habitat components lacking 2 
in most streams categorized as “not properly functioning” (Cullins Collins et al. 2002; 3 
Montgomery 2004; Beaechie and Sibley 1997).  LWD levels have declined since the 4 
advent of timber harvesting for a number of reasons including splash dams, logjam 5 
removal, removal at dam trashracks, removal for firewood, removal from marine areas, 6 
and low recruitment from due to past forest practices (Maser and Sedell 1994; Bisson and 7 
Bilby 1998; Spence et al. 1996).  This portion of the assessment evaluates the level of 8 
protection and enhancement the alternatives provide for instream LWD using the 9 
equivalent buffer area index described in the subsection 4.7 (Riparian and Wetland 10 
Processes) and DEIS Appendix B (Riparian Modeling). As a reference point, the analysis 11 
assumed that a no-harvest buffer width that was one site potential tree height would 12 
provide full protection. Consequently, all LWD equivalent buffer area index values for 13 
the alternatives were relative to the full protection equivalent buffer area index value (i.e., 14 
0 percent is no protection, 100 percent is full protection). LWD equivalent buffer area 15 
index analyses were conducted based on both the 100-year site potential tree height and 16 
250-year site potential tree height (subsection 4.7.1, Riparian Processes, for details of 17 
LWD recruitment assessment). 18 

No Action Alternative 1-Scenario 2 19 
Under No Action Alternative 1-Scenario 2, the January 1, 1999 Washington Forest 20 
Practices Rules would continue to regulate RMZ widths.  Westside RMZ widths would 21 
range from 25 feet to 100 feet for fish-bearing streams (Types 1 to 3) depending upon the 22 
stream type and width.  Similarly, in eastside forests, RMZ widths would range from 30 23 
feet to 300 feet for fish-bearing waters depending upon the harvest prescription (partial 24 
versus even-aged) in the adjacent harvest unit.  RMZs would not be required along non-25 
fish-bearing streams (Types 4 and 5), except occasionally along the lower 1,000 feet of 26 
Type 4 waters to protect water quality.  In addition to the RMZ widths, the January 1, 27 
1999 Washington Forest Practices Rules specify the number of leave trees required 28 
within the RMZs. 29 

The LWD equivalent buffer area index suggests that fish-bearing streams on the eastside 30 
would receive about 67 percent of full protection compared to a no-harvest buffer based 31 
on the 100-year site potential tree height and about 53 percent of full protection based on 32 
the 250-year site potential tree height.  All typed waters combined would receive about 33 
46 to 57 percent of full protection (Tables 4.8-1 and 4.8-2).  Consequently, No Action 34 
Alternative 1-Scenario 2 is considered to have a high likelihood of inadequate LWD 35 
recruitment.  Westside fish-bearing streams would have about 60 percent of full 36 
protection while all typed waters combined would have about 30 percent of full 37 
protection based on the 100-year site potential tree height.  Fish-bearing streams would 38 
have about 37 percent of full protection and all streams combined would have about 39 
19 percent of full protection, based on the 250-year site potential tree height (Tables 4.8-1 40 
and 4.8-2).  Under No Action Alternative 1-Scenario 2 there is a high likelihood of 41 
reduced LWD recruitment potential. 42 
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Table 4.8-1. Percentage of Full Protection for LWD Recruitment to Streams 1 

under a 100-year Site Potential Tree Height Assumption Based 2 
upon the LWD Equivalent Buffer Area Index Analysis. 3 

Region/Stream Type 

No Action 
Alternative 1-

Scenario 2 

No Action Alternative 1-
Scenario 1, Alternative 2, 

and Alternative 3 2/ Alternative 4 
Westside-Non-Fish-bearing 
Seasonal 

0 0 92 

Westside-Non-Fish-bearing 
Perennial 

0 51 98 

Westside-Fish-bearing 60 93 100 
Westside-All Streams 30 52 97 
Eastside-Non-Fish-bearing 
Seasonal 

18 18 99 

Eastside-Non-Fish-bearing 
Perennial 

18 43 100 

Eastside-Fish-bearing 67 911/ 100 
Eastside-All streams 57 771/ 100 
1/ Does not include additional potential protection within the bull trout overlay. 
2/ Average of Option 1 and 2 characteristics. 

 4 
Table 4.8-2. Percentage of Full Protection for LWD Recruitment to Streams 5 

under a 250-year Site Potential Tree Height Assumption Based 6 
upon the LWD Equivalent Buffer Area Index Analysis. 7 

Region/Stream Type 

No Action 
Alternative 1-

Scenario 2 

No Action Alternative 1-
Scenario 1, Alternative 2, 

and Alternative 3 2/ Alternative 4 
Westside-Non-Fish-bearing 
Seasonal 

0 0 86 

Westside-Non-Fish-bearing 
Perennial 

0 44 96 

Westside-Fish-bearing 37 90 100 
Westside-All Streams 19 50 96 
Eastside-Non-Fish-bearing 
Seasonal 

18 18 93 

Eastside-Non-Fish-bearing 
Perennial 

18 38 97 

Eastside-Fish-bearing 53 821/ 100 
Eastside-All streams 46 691/ 99 
1/ Does not include additional potential protection within the bull trout overlay. 
2/ Average of Option 1 and 2 characteristics. 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 8 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 9 
the adaptive management program among this group of alternatives (No Action 10 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 11 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 12 
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Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, the water typing 1 
system would change and new rules for RMZ widths and harvest prescriptions would be 2 
implemented.  Total RMZ widths for fish-bearing streams would range from 90 feet to 3 
200 feet on the westside and 75 feet to 130 feet on eastside depending upon the site class 4 
(Chapter 2, Alternatives). Unlike No Action Alternative 1-Scenario 2, perennial, non-5 
fish-bearing streams (Type Np) would have RMZs along at least 50 percent of their 6 
lengths and would have protection of sensitive areas.  As described earlier, RMZs along 7 
fish-bearing streams would incorporate three smaller zones, a no-harvest core zone, an 8 
inner zone, and an outer zone. On the westside, landowners would have two harvest 9 
prescription options for inner zones that meet stand requirements: Option 1, which allows 10 
thinning in the inner zone to accelerate riparian tree growth; or Option 2, which requires  11 
harvest in the inner zone to be concentrated at its outer edge. On the eastside, harvest 12 
prescriptions would be dependent upon the timber habitat type and the basal area of the 13 
stand in the inner zone.  On both sides of the Cascades, outer zones would have leave tree 14 
requirements that may be dispersed or clumped. 15 

The LWD equivalent buffer area index indicates that No Action Alternative 1-Scenario 1 16 
and Alternatives 2 and 3 would provide considerably more protection than No Action 17 
Alternative 1-Scenario 2 based on both the 100-year and 250-year site potential tree 18 
height.  On the westside, these alternatives would provide a high level of protection to 19 
Type S and F streams (90 to 93 percent of full protection) (Tables 4.8-1 and 4.8-2), but 20 
for all streams, the level of protection would be much lower (about 50 to 52 percent of 21 
full protection).   22 

Non-fish-bearing perennial streams would have a much greater LWD supply than under 23 
No Action Alternative 1-Scenario 2, due to the RMZs along much of their lengths, with 24 
an LWD equivalent buffer area index of 51 and 44 percent for westside streams based on 25 
the 100- and 250-year site potential tree heights, respectively.  Non-fish-bearing seasonal 26 
streams on the westside would have equivalent buffer area indexes of 0 percent (Tables 27 
4.8-1 and 4.8-2).  The actual LWD supplied to these non-fish-bearing seasonal streams 28 
may be greater than estimated due to unstable slopes protection (i.e., protective buffers) 29 
that often occurs adjacent to these channels. While LWD in these streams is much less 30 
frequently a source of LWD for fish-bearing streams than that adjacent to fish-bearing 31 
streams, in areas with a high frequency of mass wasting, LWD from non-fish-bearing 32 
streams can be significant.  This is because trees from the smaller non-fish-bearing 33 
streams can be transported downstream during flood or debris flow events and become 34 
functional for the creation of fish habitat.  In some areas, these processes can contribute 35 
substantially to the total wood load.  36 

In coastal Oregon, 11 to 49 percent of the LWD in second and third order streams was 37 
derived from debris flows (Gresswell and May 2000).  Reeves et al. (2003) found that 38 
about 65 percent of wood pieces in a fourth order watershed in Oregon coast came from 39 
upslope sources.  Benda et al. (2003) recently modeled wood source areas in a Southwest 40 
Washington stream system and estimated that over the long term, debris flows would 41 
provide about 16 percent of the total wood load.   42 
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While debris flows are not restricted to stream channels, high-gradient headwater 1 
channels are noted as being common sources of these types of flows (Benda et al. 2003). 2 
But Martin and Benda (2001) estimated in a southeast Alaska watershed that only about 1 3 
percent of LWD originated from debris flows. So some of the wood that enters non-fish-4 
bearing streams will contribute to habitat formation in fish-bearing streams, but the actual 5 
contribution is highly variable and not well quantified.  Thus, the scientific literature does 6 
not provide clear guidance that buffers on Type N streams under No Action Alternative 7 
1-Scenario 1 and Alternatives 2 and 3 would be sufficient for providing LWD to fish-8 
bearing streams.  But the presence of buffers may ultimately contribute LWD to fish-9 
bearing channels in some stream systems (subsection 4.7.1, Riparian Processes).  Overall, 10 
this suggests that under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, 11 
most streams on the westside currently lacking wood should eventually return to at least a 12 
moderate level of function.  Depending upon site-specific conditions and the harvest 13 
Option chosen by the landowner, LWD function could be even higher.  Further, the 14 
functions provided by LWD in non-fish-bearing streams such as sediment trapping, 15 
nutrient processing, and energy dissipation would be compromised because of reduced 16 
LWD recruitment. 17 

On the eastside, No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would 18 
provide substantial improvements over No Action Alternative 1-Scenario 2.  For fish-19 
bearing streams, the equivalent buffer area index would range from 82 to 91 percent of 20 
full protection (Tables 4.8-1 and 4.8-2).  Non-fish-bearing perennial streams, due to the 21 
RMZ along much of their length, would have much higher LWD recruitment than No 22 
Action Alternative 1-Scenario 2, with 43 and 38 percent for eastside streams based on the 23 
100- and 250-year site potential tree heights.  Non-fish-bearing seasonal streams on the 24 
eastside streams had 18 percent of full protection (Tables 4.8-1 and 4.8-2).  However, the 25 
actual LWD supplied to these N streams would be greater than estimated due to unstable 26 
slopes protection that often occurs adjacent to these channels.  LWD recruitment to fish-27 
bearing channels on the eastside would be the same as described for the westside.  28 

One aspect of LWD recruitment that the equivalent buffer area index does not reflect is 29 
the growth rate and future size of trees in the RMZ following harvest (subsection 4.7.1, 30 
Riparian Processes).  The tree growth model in the Riparian Aquatic Integration 31 
Simulator indicated that thinning increases the growth rate of residual trees (Washington 32 
Forest Practices Board 2001a, Appendix D).  Larger streams require larger pieces of 33 
LWD to function adequately (Abbe and Montgomery 2003; Bilby and Ward 1989; Hyatt 34 
and Naiman 2001; Abbe and Montgomery 1996; Beschta and Robinson 1990; Beechie 35 
and Sibley 1997).  Consequently, for larger streams and rivers, the equivalent buffer area 36 
index would underestimate the protection provided under Option 1 in western 37 
Washington.  In situations where the riparian stand is characterized by numerous, but 38 
smaller trees, Option 1 (removing smaller trees throughout the inner zone) would 39 
accelerate the development of stands with fewer, but larger trees.  These larger trees 40 
would have a higher potential to be functional LWD once recruited to the stream, than 41 
those developed under Option 2.  However, the Riparian Aquatic Integration Simulator 42 
model suggests that stands with trees of functional size range from 80 to 150 years 43 
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depending upon stream size and site class.  Consequently, the benefits of inner zone 1 
thinning would only become realized over the long-term.  2 

In addition to future stand conditions, the equivalent buffer area index does not account 3 
for instream wood placement strategies that can be implemented when existing stream-4 
adjacent roads limit the stands’ capacity to meet basal stand requirements.  Under these 5 
situations, a landowner may design an LWD placement strategy in cooperation with the 6 
WDFW.  The LWD placement plan can include removing up to 10 trees per acre in the 7 
outer zone as an incentive for landowners to implement the plan.  Specifications for 8 
LWD strategies are currently under development. 9 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 include an option for 10 
converting hardwood dominated stands to conifers  in cases where stands meet specific 11 
requirements (Chapter 2, Alternatives). The hardwood conversion rule is intended to 12 
improve inner zone stand conditions over the long-term in areas that cannot meet stand 13 
requirements because of the predominance of hardwood trees.  These areas must also 14 
have evidence that conifers have historically been established on the site.  The rule 15 
provides for harvest of no more than 10 percent of the conifers 8 to 20 inches dbh, and 16 
no-harvest of larger trees.  In terms of LWD, the hardwood conversion rule is considered 17 
a long-term benefit to these riparian areas even though it may reduce function in the short 18 
term.  Alternative 4 also includes a hardwood conversion option. 19 

Similar to No Action Alternative 1-Scenario 2, downstream movement of LWD can be 20 
restricted at culverts.  However, No Action Alternative 1-Scenario 1 and Alternatives 2 21 
and 3 include the preparation of RMAPs.  These plans include culvert size requirements 22 
based on the 100-year flood.  All new culverts and culverts that currently degrade 23 
resources would be required to meet the new standard.  Larger culverts would be more 24 
likely to pass larger pieces of wood as well as floodwaters.  However, culverts would not 25 
be capable of passing all wood, and some wood may build-up on the upstream side of a 26 
culvert.  To the extent practicable without significant soil disturbance, RMAPs would be 27 
required to include measures for moving accumulated LWD from above to below 28 
culverts during standard road maintenance.  Consequently, both No Action Alternative 1-29 
Scenario 1 and Alternatives 2 and 3 would result in less potential to limit LWD 30 
redistribution than No Action Alternative 1-Scenario 2.     31 

Alternative 4 32 
Alternative 4 would result in a low to very low likelihood of reduced LWD recruitment.  33 
Under Alternative 4, all streams would receive from 96 to 100 percent of full LWD 34 
recruitment based on the 250-year and 100-year site potential tree heights, on both the 35 
westside and the eastside, as a result of 70- to 200-foot no-harvest RMZs.  The RMZs 36 
under Alternative 4, even on small streams, would result in non-fish-bearing channels 37 
also having high LWD recruitment ranging from 86 to 100 percent (Tables 4.8-1 and 38 
4.8-2).  Notably, heavily stocked stands with small trees near large streams would have 39 
less opportunity for thinning to accelerate stand growth and average tree size.  Under 40 
Alternative 4, thinning can only be done to convert hardwood-dominated stands to 41 
conifers and to accelerate development of 200-year-old stand characteristics.  However, 42 
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these prescriptions would require SEPA review, and harvested trees could not be 1 
removed unless monitoring determined that the prescriptions were effective.  These 2 
requirements would provide little incentive for landowners to pursue the thinning option. 3 

Alternative 4 does not provide any incentives or mechanisms for implementing instream 4 
wood placement strategies.  Consequently, streams that have the potential for instream 5 
LWD placement under No Action Alternative 1-Scenario 1 could require more time for 6 
recovery under Alternative 4.  For LWD-poor streams surrounded by early- to mid-seral 7 
stage riparian stands, recovery could require 40 or more years on the westside and 60 or 8 
more years on the eastside.  The relatively high supply of LWD to non-fish-bearing 9 
streams relative to other alternatives would ensure that debris flows originating in non-10 
fish-bearing streams would contribute to fish-bearing streams at a higher rate than under 11 
the other alternatives, and that other LWD functions such as sediment storage and 12 
nutrient processing would be fully maintained. 13 

Large Woody Debris:  Conclusion 14 
Overall, instream LWD levels would be expected to gradually increase under No Action 15 
Alternative 1-Scenario 1 and Alternatives 2, 3, and 4.  In the absence of RMZ 16 
management, Alternative 4 is likely to provide the highest level of long-term protection 17 
and is considered to have the lowest likelihood of LWD-related habitat effects.  On the 18 
westside, No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 are considered to 19 
have a low to moderate likelihood of inadequate LWD recruitment over the long-term as 20 
stands develop and are more capable of providing functional LWD.  These alternatives 21 
provide incentives for landowners to implement instream LWD placement plans and to 22 
accelerate the recovery of over-stocked riparian zones through thinning.  The moderate 23 
likelihood of inadequate recruitment applies where LWD inputs are largely derived from 24 
Type N streams.  On the eastside, No Action Alternative 1-Scenario 1 and Alternatives 2 25 
and 3 are considered to have a moderate likelihood of inadequate LWD recruitment.  No 26 
Action Alternative 1-Scenario 2 would provide the lowest level of LWD recruitment and 27 
would likely further degrade fish habitat. 28 

All alternatives would restrict downstream movement of LWD at stream crossings to 29 
some degree.  However, No Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 30 
would include RMAPs and requirements that would increase the likelihood of wood 31 
passage.  Blockages at culverts can result in fish passage problems and culvert failure.  32 

The RMZ prescriptions under all of the alternatives would have a greater effect on 33 
instream conditions over the mid- to long-term (westside: 20 to 60 years; eastside: 50 to 34 
100 years) than over the short-term (westside: less than 20 years; eastside: less than 35 
50 years).  Currently, most stands along fish-bearing streams are in early-seral stages 36 
(64 percent on westside; 60 percent on eastside) (Table 3-18).  Assuming that these 37 
conditions are representative of nearby upslope stands, new rules many not be applied for 38 
many years along most streams because timber stands will be too young for commercial 39 
harvest.  In addition, the rate of natural recruitment of functional LWD will initially be 40 
low but will increase as riparian stands mature.  The recovery of instream LWD loads 41 
will take decades to centuries (Bilby and Ward 1989). 42 
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Only No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 provide incentives for 1 
instream LWD placement.  LWD placement would provide short term benefits by 2 
providing more complex habitat structure, nutrient input, and substrate for invertebrate 3 
colonization, all of which would benefit fish habitat.  These benefits may improve current 4 
conditions until riparian stands can develop to the point that they provide sustainable 5 
inputs of functional LWD.  Many Washington streams currently have low levels of 6 
instream LWD, and adjacent riparian stands are in early- to mid-seral stages.  Thus, LWD 7 
placement may be effective in supplementing instream LWD levels over the next 30 or 8 
more years.   9 

The development of methods for placing LWD is fairly advanced (Oregon Department of 10 
Forestry and Oregon Department of Fish and Wildlife 1995), and there would be no 11 
substantial negative effects to fish from the placement strategies outlined in the 12 
Washington Forest Practices Board Manual (Washington Forest Practices Board 2001b, 13 
Section 26).  The incentive program under No Action Alternative 1-Scenario 1 and 14 
Alternatives 2 and 3 would allow landowners to place wood in stream channels in 15 
exchange for removal of additional trees from the outer zone, which has a relatively low 16 
probability of providing LWD recruitment to streams.  The improvement in current 17 
habitat conditions would outweigh the potential reduction in LWD recruitment from the 18 
outer zone over time.  The recruitment of wood from the outer zone would be a very 19 
small percentage of total recruitment and would not provide the same benefits of direct 20 
placement of wood.  The major risk of LWD placement is to the transportation 21 
infrastructure, including culverts and bridges, which could be damaged or removed if 22 
wood is mobilized and transported during flood flows. 23 

All of the alternatives would allow yarding corridors through RMZs.  Yarding corridors 24 
provide landowners flexibility in accessing and harvesting timber when a road, stream-25 
crossing, or helicopter yarding would otherwise be required.  Requirements for leaving or 26 
removing trees cut for yarding corridors would be different under the three alternatives, 27 
and these differences would be more important for wildlife habitat than aquatic species.  28 
Yarding across fish-bearing streams requires a Hydraulic Project Approval from the 29 
WDFW.  Hydraulic Project Approvals provide a regulatory mechanism for requiring 30 
mitigation for the yarding corridor and an opportunity for LWD enhancement. 31 

All of the alternatives would result in a small reduction in LWD recruitment relative to 32 
unmanaged conditions from existing and future stream crossings and existing stream-33 
adjacent parallel roads.  No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 also 34 
include less restrictive rules for exempt 20-acre parcels that would reduce LWD 35 
recruitment in areas with high densities of qualifying parcels.  Forest landowners who 36 
qualify for the exemptions are estimated to own approximately 0.5 to 5 percent of the 37 
private forestlands in the State and an even smaller percentage of the total land base 38 
(including State and Federal lands) (See subsection 4.7.2.7, 20-Acre Exemption Rule).  39 
Existing roads in RMZs and rule exemptions provide a small increase in the overall 40 
likelihood of reduced LWD recruitment relative to unmanaged conditions, but this does 41 
not change the relative rankings among the three alternative groupings. 42 
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All of the alternatives are expected to result in RMZ blowdown along clearcut unit edges 1 
(subsection 4.7.1, Riparian Processes).  Blowdown levels would be expected to decrease 2 
after about 5 years following harvest (when trees are most susceptible to blowdown).  3 
Streams with low levels of LWD may benefit in the short-term from increased blowdown 4 
rates, but this would also reduce the standing stock of trees available for future 5 
recruitment.  Streams with narrower buffers would likely have a higher proportion of 6 
fallen trees that become instream LWD because the unit edge would be closer to the 7 
stream.  8 

4.8.3.5 Leaf and Needle Recruitment 9 
Overview of Effects 10 
The effects of the alternatives on leaf and needle recruitment are analyzed in this 11 
subsection.  Leaves and needles, along with other biological inputs to streams from 12 
riparian vegetation, supply nutrients and food for aquatic organisms (Gregory et al. 1991; 13 
Richardson 1992).  Compared to pre-management conditions, leaf and needle supply has 14 
been substantially reduced as a result of past harvest activities. Under all alternatives, 15 
future leaf and needle inputs would increase as riparian stands develop over the long 16 
term.  Therefore, compared to baseline conditions, the amount of leaf and needle delivery 17 
and resulting effects on fish habitat are expected to improve under any of the alternatives.  18 
The following paragraphs address the degree to which the alternatives affect leaf and 19 
needle recruitment.  20 

No Action Alternative 1-Scenario 2 would result in a high likelihood of reduced leaf and 21 
needle recruitment.  However, negative effects on food and nutrient supply, especially for 22 
fish, would be less likely as increases in other food sources may compensate for 23 
reductions in leaf and needle inputs.   24 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would result in a moderate 25 
likelihood of reduced leaf and needle recruitment, but like No Action Alternative 1-26 
Scenario 2, increases in other food sources would somewhat compensate for those 27 
reductions, reducing the potential for negative effects on fish.  However, No Action 28 
Alternative 1-Scenario 1 (and Alternatives 2 and 3) would have greater assurance of food 29 
contribution from non-fish-bearing streams through RMZ retention along Type Np 30 
streams. 31 

Alternative 4 would result in a very low likelihood of reduced leaf and needle recruitment 32 
due to extensive RMZs on most streams. 33 

Detailed Effects Analysis 34 
The likelihood of reduced leaf and needle recruitment under each alternative differs from 35 
that of LWD recruitment.  This is because small headwater streams, including seasonal 36 
streams that usually flow when litterfall inputs are at their highest level, have a greater 37 
influence on leaf and needle recruitment to fish-bearing streams than on LWD 38 
recruitment because leaf and needle litter is more easily transported in smaller streams.  39 
Furthermore, a large proportion of stream miles on forested land are smaller, non-fish-40 
bearing streams (Type N or Type 4 and 5).  However, the effects of reduced leaf and 41 
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needle production on aquatic resources, particularly fish, are likely to be much less than 1 
the reduction in supply from tree removal along seasonal channels.   2 

Unlike LWD, other sources of food and nutrients often augment or replace that lost from 3 
reductions in former leaf and needle supplies. Some studies have found that 4 
autochthonous production (i.e., algae growth) may increase following riparian harvest, 5 
increasing usable food sources to downstream areas following harvest (Bisson and Bilby 6 
20011998; Bilby and Bisson 1992; Gregory et al. 1987; Murphy and Hall 1981).  7 
Although, if nutrients remain low, primary production and benthic macroinvertebrates 8 
may not increase substantially in streams adjacent to clearcuts (Culp and Davies 1983).  9 
Terrestrial food sources for fish may also be higher from some deciduous riparian forests 10 
that regenerate in riparian areas following harvest of old growth (Wipfli 1997).  Also, 11 
some tree types that replace conifers (e.g., alder) in the short term may enhance 12 
downstream food sources for fish (Wipfli 1997; Piccolo and Wipfli 2002).  But 13 
intermediate age coniferous stands do produce less exported detritus than old-growth 14 
stands, and also may result in lower terrestrial insect food sources (Piccolo and Wipfli 15 
2002; Gregory et al. 1991).  So the overall effects of reduced leaf and litter recruitment 16 
are not likely to be as detrimental to aquatic resources downstream as suggested by the 17 
model used to estimate reductions in leaf and needle supply.  Furthermore, short-term 18 
gains in food supply and growth of fish may be offset by a lack of instream structure and 19 
reduced fish survival (subsection 3.8.4.5, The Aquatic Food Chain). 20 

In summary, No Action Alternative 1-Scenario 2 is expected to result in a high likelihood 21 
of reduced leaf and needle recruitment, No Action Alternative 1-Scenario 1 and 22 
Alternatives 2 and 3 are expected to result in a moderate likelihood of reduced 23 
recruitment, and Alternative 4 is expected to result in a very low likelihood (subsection 24 
4.7.1, Riparian Processes, Leaf and Needle Litter Production). 25 

4.8.3.6 Floodplains, Off-channel Areas, and the Hyporheic Zone 26 
Overview of Effects 27 
The effects of the alternatives on maintaining floodplain and off-channel habitats and 28 
hyporheic zones are analyzed in this subsection.  Historically, floodplains and off-29 
channel habitat have been modified or reduced from forest practices and other land use 30 
practices (e.g., agriculture, urbanization), and these habitats remain in greatly modified 31 
conditions.  All alternatives would maintain or improve the condition of these habitats 32 
relative to historical management.  Therefore, compared to baseline conditions, these 33 
habitats would be maintained or improved under any of the alternatives, although the 34 
location and degree of improvement would vary. The following paragraphs address the 35 
degree to which each alternative would maintain floodplain and off-channel habitat and 36 
the hyporheic zones (subsection 4.5.3, Groundwater).  37 

No Action Alternative 1-Scenario 2 would be less likely to maintain floodplains, off-38 
channel habitats, and hyporheic zones than all other alternatives.  Lack of protection of 39 
the Channel Migration Zone, where these habitats most often occur, is one of the main 40 
reasons for the low likelihood.  41 
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No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would protect Channel 1 
Migration Zones and provide greater riparian protection, increasing the likelihood that 2 
floodplains, off-channel habitats, and hyporheic zones would be maintained relative to 3 
No Action Alternative 1-Scenario 2.  4 

In addition to protecting the Channel Migration Zone, Alternative 4 would also protect 5 
Beaver Habitat Zones and Channel Disturbance Zones on certain streams, which are 6 
important fish habitats or contributors to fish habitats, resulting in a high likelihood that 7 
floodplains, off-channel habitats, and hyporheic zones would be maintained relative to all 8 
other alternatives.  The likelihood that these habitat features would be maintained is much 9 
higher than under No Action Alternative 1-Scenario 2 and slightly higher than under No 10 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3. 11 

Detailed Effects Analysis 12 
As described earlier, floodplains and off-channel areas include side channels, backwater 13 
alcoves, ponds, and wetlands connected at least seasonally to flowing waters.  Hyporheic 14 
zones are the saturated areas beneath and beside these features.  Off-channel areas 15 
provide important habitat seasonally or to particular life stages (Brown and Hartman 16 
1988; Peterson and Reid 1984; Spence et al. 1996; Bjornn and Reiser 1991).  Off-channel 17 
areas may have shallow, low velocity water that is important during fry rearing periods.  18 
These areas can also provide protection from high water velocities during flood flows.  19 
Some backwater alcoves and ponds result from groundwater and hyporheic water seeps 20 
and may have higher shade levels and lower temperatures than the main channel.  These 21 
areas provide cool-water refugia during high summertime temperatures.  They also may 22 
supply spawning areas where groundwater or hyporheic waters emerge (Edwards 1998).  23 

Off channel habitat occurs most often in low gradient (less than 4 percent) reaches 24 
(Lunetta et al. 1997), but occasionally occur in streams with gradients up to 8 percent 25 
(Groot and Margolis 1991; Wydoski and Whitney 2003).  Hyporheic waters are poorly 26 
understood (Edwards 1998), but are known to be largest in alluvial channels where large 27 
volumes of coarse sediment accumulate; these are often associated with floodplains and 28 
larger stream channels.  The hyporheic zone represents a connection between 29 
groundwater and surface water and can influence stream temperature, nutrient supply, 30 
stream water quality, and possibly invertebrate production.  New off-channel habitats are 31 
naturally created within the Channel Migration Zone, which the current Washington 32 
Forest Practices Rules define as the area where the active channel is prone to move and 33 
the movement results in a near-term loss of riparian function and associated habitat 34 
adjacent to the stream (WAC 222-16-010).  It is likely that most of the hyporheic zone 35 
outside of the active stream channel would be contained within the Channel Migration 36 
Zone. This subsection assesses the level of protection the alternatives afford off-channel 37 
habitat through protection of Channel Migration Zones and groundwater source areas. 38 

No Action Alternative 1-Scenario 2 would provide very little direct protection to 39 
channels that are prone to migration.  Widths of riparian buffers would be based entirely 40 
on the current location of the active channel.  Consequently, any new off-channel habitat 41 
that develops after RMZ harvest prescriptions were implemented would potentially have 42 
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reduced riparian protections.  For example, if a new side channel were to develop 25 feet 1 
from a Type 2 stream with an average buffer width of 50 feet, the RMZ width to that side 2 
channel would effectively be reduced to 25 feet.  The hyporheic environment may also 3 
have low protection under this alternative due to lack of Channel Migration Zone 4 
protection and potential riparian groundwater and its connection to the hyporheic zone, 5 
although literature is not available to confirm this groundwater assessment (subsection 6 
4.5.3, Groundwater). 7 

Under No Action Alternative 1-Scenario 1, and Alternatives 2 and 3, RMZs would be 8 
measured from the edge of the Channel Migration Zone (if present) or the bankfull 9 
channel edge.  Consequently, existing and potential off-channel habitat would receive 10 
high levels of protection under No Action Alternative 1-Scenario 1 and Alternatives 2 11 
and 3 compared to No Action Alternative 1-Scenario 2.  The greater protection for 12 
Channel Migration Zones under this group of alternatives should result in a high 13 
likelihood for adequate hyporheic zone protection (subsection 4.5.3, Groundwater). 14 

Under Alternative 4, RMZs are also measured from the edge of the Channel Migration 15 
Zone (if present) or the bankfull channel edge.  In addition, Alternative 4 RMZs would 16 
also provide protection for potential beaver habitat.  The presence of beaver ponds can be 17 
particularly important to coho salmon production (Cederholm et al. 2001).  Consequently, 18 
existing and potential off-channel habitat under Alternative 4 would receive slightly 19 
higher levels of protection than under No Action Alternative 1-Scenario 1 because of the 20 
added protection for potential beaver habitat.  The greater protection for Channel 21 
Migration Zones under Alternative 4 should result in a high likelihood for adequate 22 
hyporheic zone protection (subsection 4.5.3, Groundwater). 23 

4.8.3.7 Lakes, Reservoirs, and Nearshore Marine Areas 24 
Overview of Effects 25 
The effects of the alternatives on lakes, reservoirs, and nearshore marine areas are 26 
analyzed in this subsection. It is important to note that, from an historical perspective, 27 
these environments have been modified as a result of past forest practices.  Also, other 28 
activities have played a greater role in the modification of many of these habitats, 29 
including extensive shoreline (freshwater and marine) and estuarine development from 30 
commercial and urban activities. Therefore, compared to baseline conditions, the quality 31 
of these environments is not expected to decrease as result of these alternatives, although 32 
specific locations may vary. The following paragraphs address the likely possible effects 33 
of each alternative on lakes, reservoirs, and nearshore marine areas.   34 

No Action Alternative 1-Scenario 2 has a low likelihood of maintaining lakes, reservoirs, 35 
and nearshore marine environment functions primarily because this alternative would 36 
provide the lowest level of recruitment of LWD, a primary structural element that 37 
maintains functions, compared to all other alternatives (See LWD discussion above). 38 
Also, sediment inputs influence the quality of habitat in these areas, and this alternative is 39 
not expected to substantially reduce management-related sediment inputs (See Coarse 40 
and Fine Sediment discussion above). 41 
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No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide higher levels 1 
of LWD recruitment and reduced management-related sediment inputs relative to No 2 
Action Alternative 1-Scenario 2. As a result, this group of alternatives has a moderate 3 
likelihood of maintaining lakes, reservoirs, and nearshore marine environments. 4 

Alternative 4 would not likely adversely affect lakes, reservoirs, and nearshore marine 5 
habitats because of high LWD recruitment and reduced management-related sediment 6 
inputs. 7 

Detailed Effects Analysis 8 
Lakes and nearshore marine areas are critical for many life stages of salmonids and other 9 
fish.  Reservoirs may also be important to salmonids; however, human-altered reservoirs 10 
may also have detrimental effects on salmonids.  Many factors influence these areas.  The 11 
primary factors relative to forest practices are LWD input and sediment supply.  LWD in 12 
lakes and reservoirs provide cover for fish and substrates for plants and animals (e.g., 13 
algae, benthic macroinvertebrates) (Moring et al. 1986; Moring et al. 1989; France 1997; 14 
Christensen et al. 1996).  LWD in lakeshore areas along undeveloped shorelines can be 15 
very high (over 500 pieces per kilometer (802 pieces per mile)), and reductions in wood 16 
recruitment can greatly reduce in-lake LWD (Christensen et al. 1996).   17 

The role of LWD in the nearshore marine and estuaries is not fully understood, but its 18 
role is not likely similar to its function and importance in river systems (Simenstad et al. 19 
2003).  In some cases wood has been found to be used as fish habitat in estuaries (Van de 20 
Wetering 2001, as cited in Simenstad et al. 2003) while in another no correlation between 21 
fish abundance and benthic production to wood in estuary channels was found (Wick 22 
2002, as cited by Simenstad et al. 2003).  However, historic wood abundance in estuaries 23 
was high and is believed to play a role in delta habitat formation (Simenstad et al. 2003).  24 
Without more specific information, (as noted in the Evaluation Criteria subsection above) 25 
the assessment of LWD, especially as it relates to fish-bearing streams, and the 26 
assessment of sediment are used to assess the likelihood of adverse effects to these areas.  27 
Although LWD may be delivered to the aquatic environment from banks and slopes 28 
adjacent to lakes, reservoirs, and nearshore marine areas, the relative supply of LWD 29 
from fish-bearing streams to these habitats is used as the primary evaluation criteria to 30 
analyze environmental effects.  This is because streams would be the primary sources of 31 
wood that would reach lakes and the nearshore marine areas (especially of the larger 32 
pieces that would play a major role in habitat for fish and aquatic insects).   33 

No Action Alternative 1-Scenario 2 34 
Under No Action Alternative 1-Scenario 2, the supply of LWD from fish-bearing streams 35 
on the westside would likely be low (See LWD Assessment discussion in subsection 36 
4.7.1, Riparian Processes).  Under this alternative the westside LWD equivalent buffer 37 
area index for fish-bearing streams is only 60 or 38 percent based on the 100-year and 38 
250-year site potential tree height, respectively, indicating a moderate to high likelihood 39 
of inadequate LWD supply for lakes, reservoirs, and nearshore marine areas.  The 40 
eastside LWD supply would be greater at 70 and 57 percent of full protection based on 41 
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the 100-year and 250-year site potential tree height.  This would result in a moderate 1 
likelihood of inadequate LWD supply for eastside lakes and reservoirs.   2 

This alternative has a moderate likelihood of continued management-related coarse 3 
sediment inputs and a high likelihood of continued management-related fine sediment 4 
inputs (subsection 4.7.1, Riparian Processes, Coarse Sediment, and Fine Sediment).  This 5 
could have adverse effects on nearshore conditions in lakes and reservoirs, especially 6 
spawning areas.  For nearshore marine areas the overall effect may be less pronounced as 7 
these habitats have often been heavily affected by many other actions especially those 8 
associated with removal of sediment (e.g., channel dredging in major estuaries), and other 9 
nearshore modifications, and active LWD removal for other uses to protect property or to 10 
abate navigational hazards. Overall, No Action Alternative 1-Scenario 2 would have a 11 
moderate likelihood of adverse effects to lakes, reservoirs, and nearshore marine areas 12 
since these areas are less affected by actions that occur in streams and rivers, than are the 13 
stream systems themselves. 14 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 15 
The likelihood for adverse habitat effects in lakes, reservoirs, and nearshore marine areas 16 
from an LWD standpoint would be low to very low in western Washington under No 17 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3. Under this group of 18 
alternatives, the LWD equivalent buffer area index for westside fish-bearing streams was 19 
95 or 82 percent based on the 100-year and 250-year site potential tree height, 20 
respectively.  Results would be similar in eastern Washington with LWD equivalent 21 
buffer area indexes of 94 or 87 percent based on the 100-year and 250-year site potential 22 
tree height, respectively.  Some LWD reduction to these systems could occur under No 23 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3 because LWD inputs to non-24 
fish-bearing streams could be low, but these sources would likely be of lower importance 25 
to these areas.  However, LWD inputs under this group of alternatives are expected to be 26 
higher than LWD inputs under No Action Alternative 1-Scenario 2.  The overall benefit 27 
of increased LWD recruitment may not be realized as these habitats have often been 28 
heavily affected by many other actions, especially those associated with removal of 29 
sediment (e.g., channel dredging in major estuaries), other nearshore modifications, and 30 
active LWD removal for other purposes (e.g. personal use, property protection, and 31 
abatement of navigational hazards).   32 

Sediment supply to lakes, reservoirs, and nearshore areas would primarily be moderate 33 
under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 (subsection 4.7.1, 34 
Riparian Processes, Coarse Sediment and Fine Sediment).  The sediment equivalent 35 
buffer area index is 91 percent for 30-foot buffers, but only 73 percent for 200-foot 36 
buffers, suggesting a moderate likelihood for continued management-related sediment 37 
inputs (DEIS Appendix B). RMAPs would reduce the likelihood of fine sediment inputs 38 
from roads under this group of alternatives.   39 

Alternative 4 40 
Protection of LWD-related habitats would be highest under Alternative 4 with an LWD 41 
equivalent buffer area index of 100 percent for all fish-bearing streams based on both site 42 
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potential tree heights on both sides of the State.  Alternative 4 would have a very low 1 
likelihood of management-related sediment inputs as its sediment equivalent buffer area 2 
index exceeds 90 percent for all streams, and it also has a “no net increase” in road 3 
density requirement. Alternative 4 would have a very low likelihood of adversely 4 
affecting these areas because of high LWD recruitment and low management-related 5 
sediment inputs.  6 

4.8.3.8 Water Temperature 7 
Overview of Effects 8 
An overview of the effects of the alternatives on temperature is presented in this 9 
subsection.  For perspective, it is important to note that factors important in controlling 10 
temperature (primarily stream shade) have already been greatly diminished along many 11 
streams within the State due to historical logging practices, as well as other land use 12 
practices (e.g., agriculture, urbanization) (subsection 3.7.1.6, Historic Protection of 13 
Riparian Areas, and subsection 3.7.1.7, Current Condition of Riparian Areas).  However, 14 
the current Washington Forest Practices Rules, as well as those in effect on January 1, 15 
1999, provide for substantially more temperature protection by requiring greater shade 16 
retention, especially along fish-bearing streams, than has been provided in the past.  17 
Therefore, the amount of shade within riparian zones on covered forestlands is increasing 18 
due to tree growth and because the Washington Forest Practices Rules under any of the 19 
alternatives would result in the retention of most canopy cover along fish-bearing streams 20 
during harvest operations.  Along non-fish-bearing streams, the amount of shade would 21 
likely remain close to baseline conditions or increase depending on the alternative.  Note 22 
that increases in shade due to tree growth would be very slow to occur and represent 23 
long-term improvements.  Changes in shade due to greater retention during harvest 24 
operations can have positive effects over the short-term as well as long-term.  The 25 
following paragraph summarizes the likelihood of temperature effects by alternative. 26 

Because of the shade rule, No Action Alternative 1-Scenario 2 has a moderate likelihood 27 
of temperature increases along fish-bearing streams.  The lack of a shade rule or other 28 
forms of significant tree retention along non-fish-bearing streams would result in a very 29 
high likelihood of increased temperatures along these streams.  However, other factors 30 
such as changes in groundwater temperatures from adjacent clearcuts (subsection 4.5.1, 31 
Surface Water Quality) may affect stream temperatures and the survival and production 32 
of fish in some systems.  33 

The reduction of summer high temperatures along fish-bearing streams would be slightly 34 
enhanced under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 relative to 35 
No Action Alternative 1-Scenario 2.  Therefore, the likelihood of elevated temperatures 36 
in fish-bearing streams would be low relative to No Action Alternative 1-Scenario 2.  As 37 
a result of riparian buffers along Np streams and due to the presence of unstable 38 
landforms and other sensitive sites, shade retention and related temperature control along 39 
non-fish-bearing streams would be greatly enhanced under No Action Alternative 1-40 
Scenario 1, Alternative 2, and Alternative 3 compared with No Action Alternative 1-41 
Scenario 2 reducing the likelihood of elevated summer temperatures. 42 



 
 
 
 
 
 

Fish and Fish Habitat Final EIS 
 

4-196

 Chapter 4 
Under Alternative 4, the recovery and/or maintenance of stream temperatures would be 1 
more likely relative to No Action Alternative 1-Scenario 1, but only slightly more so 2 
along fish-bearing streams (since most shade would already be retained under these 3 
alternatives).  The degree of recovery and/or maintenance provided by Alternative 4 4 
would be even greater compared with No Action Alternative 1-Scenario 2 because of 5 
wider RMZs provided under Alternative 4.   6 

The general rankings among the alternatives described in the preceding paragraphs, 7 
would hold true for both west and eastside streams.  A detailed analysis of the 8 
alternatives is presented in the following subsections. 9 

Detailed Effects Analysis 10 
Maintenance of natural water temperature regimes is important for all salmonids.  As 11 
described earlier, changes in water temperatures can have both lethal and sub-lethal 12 
effects that can affect the species long-term fitness (Bjornn and Reiser 1991; Washington 13 
Department of Ecology 2002a).  Of the salmonids considered in this document, bull trout 14 
have the lowest water temperature requirements and appear the most sensitive to 15 
increases in temperature (Wydoski and Whitney 2003).   16 

All of the alternatives have some potential for reduced shade and increased water 17 
temperatures related to blowdown, yarding corridors, existing and future stream 18 
crossings, and existing stream adjacent parallel roads.  No Action Alternative 1-Scenario 19 
1 and Alternatives 2 and 3 include slightly lower levels of shade retention for exempt 20-20 
acre parcels, which may increase the potential for elevated water temperatures in some 21 
areas.  These effects are described in more detail in subsection 4.7.2.1 (Evaluation of 22 
Alternatives, 20-Acre Exemption Rule).  The effects of roads and yarding corridors are 23 
expected to be relatively small, but are difficult to quantify.   24 

No Action Alternative 1-Scenario 2 25 
Under No Action Alternative 1-Scenario 2, RMZ widths for the eastside and westside do 26 
not generally meet the 0.75 site potential tree height shade evaluation criterion for Type 27 
1, 2, or 3 streams based on the 100-year and 250-year site potential tree heights.  No 28 
Action Alternative 1-Scenario 2 includes a shade rule that includes minimum shade levels 29 
by elevation and water quality class (subsection 4.5.1, Surface Water Quality), but tree 30 
retention requirements would be limited to the maximum RMZ width.  Type 4 and 5 31 
streams would not receive any protection except under limited circumstances, and RMZs 32 
would be much smaller than needed for full shade protection.   33 

The effects of increased stream temperatures in Type 4 and 5 streams on fish-bearing 34 
stream temperatures are not clear (subsection 4.5.1, Surface Water Quality). Adverse 35 
water temperature effects are generally more common in eastside watersheds because the 36 
climate is warmer, and forest types are generally more open compared to the westside.  37 
Overall, No Action Alternative 1-Scenario 2 is expected to have a moderate likelihood of 38 
not meeting salmonid temperature requirements on the east and westside. 39 
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No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 1 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 2 
the adaptive management program among this group of alternatives (No Action 3 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 4 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 5 

For No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, RMZs for Type S and 6 
F streams would be wider relative to No Action Alternative 1-Scenario 2 and would 7 
include both no-harvest and selective harvest zones.  Under some site class situations 8 
(e.g., Option 2 with Site Class III, IV, or V), the no-harvest portions of the RMZs would 9 
provide complete shade protection based on the 100 year site potential tree height.  Under 10 
some situations, Option 1 could provide slightly less protection than Option 2 because 11 
thinning in the inner zone could remove some shade-producing trees closer to the stream.  12 
However, under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, RMZs 13 
must maintain minimum canopy closure under the shade rule, regardless of the riparian 14 
management option chosen by the landowner.   15 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 also provide additional 16 
protection for eastside streams within the bull trout overlay by protecting all trees that 17 
provide shade within 75 feet of the channel.  The bull trout overlay includes those 18 
portions of eastern Washington containing bull trout habitat as identified on the WDFW’s 19 
bull trout map (WAC 222-16-010).   20 

The shade rule protects trees that currently provide shade, but does not account for the 21 
future growth of trees that might eventually provide shade.  Consequently, there is some 22 
uncertainty about the extent to which these rules would result in adequate protection, 23 
given the silvicultural prescriptions to be implemented in the inner zones.  Overall, the 24 
likelihood of adverse temperature effects under No Action Alternative 1-Scenario 1 and 25 
Alternatives 2 and 3 are considered low for Type S and F westside streams, moderate for 26 
eastside streams outside the bull trout overlay, and low for eastside streams within the 27 
bull trout overlay, which includes most of the project area on the eastside (subsection 28 
4.5.1.2, Evaluation of Alternatives).  Overall, temperature conditions and therefore 29 
protection of fish resources are expected to improve relative to current conditions under 30 
these alternatives because shade levels in previously harvested riparian areas would 31 
continue to increase as tree growth continues into the future. Areas scheduled to be 32 
harvested in the future would be provided greater protection than what was previously 33 
required.  34 

The bull trout overlay does not apply to the westside, although bull trout are present in 35 
many westside watersheds.  Under Option 1, the largest trees, which likely have the 36 
greatest potential to provide shade, would be retained in the inner zone.  Under Option 2, 37 
the lack of the bull trout overlay would have no effect because no-harvest buffers would 38 
be 80 to 100 feet wide depending upon stream width, which are wider than the 75 feet 39 
width that applies in the bull trout overlay.  Overall, the effect of not implementing the 40 
“all available shade” rule on the westside is expected to be small. 41 
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On both the east and the westsides, protection of seeps and springs that provide cold 1 
water is important for bull trout, which have lower temperature requirements compared to 2 
other salmonids (subsection 3.8.3.1, Pacific Salmon and Trout – General, Bull Trout).  3 
Sensitive sites (headwall seeps, side-slope seeps, and headwater springs) are provided 56-4 
foot radius, no-harvest patch buffers under No Action Alternative 1-Scenario 1 and 5 
Alternatives 2 and 3 that would provide some thermal protection.  In addition, Ecology is 6 
considering revisions to Washington State temperature standards (Chapter 5, Cumulative 7 
Effects).  These revisions are likely to include species- and life stage-specific standards to 8 
be applied to stream reaches where bull trout are present or are expected to be present.   9 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide RMZs for at 10 
least 50 percent of the length of Type Np stream reaches.  Based on observed harvest 11 
practices, additional Type Np and Ns protection results from the application of the 12 
unstable slopes rules, which often leads to the retention of no-harvest buffers along more 13 
than 50 percent of Type Np streams (Jeff Grizzel, Personal Communication, Washington 14 
DNR April 6, 2004).  In some cases, these buffer requirements would include 15 
groundwater seeps and hyporheic zones that provide cool water.  However, no RMZs are 16 
required on Type Np streams on exempt 20-acre parcels.  17 

Partial protection to small Type NP streams may occur within about 10 years of harvest 18 
due to the growth of overhanging shrubs and young trees.  Some increases in water 19 
temperature within Type Np streams are expected following adjacent timber harvests.  20 
Nevertheless, there is still high uncertainty regarding the influence Type Np streams on 21 
downstream temperatures in Type S and F streams.  Type Ns streams would not receive 22 
any direct protection, but this should generally not affect fish because these streams 23 
usually do not contain water during the summer low-flow period. 24 

Overall, No Action Alternative 1-Scenario 1and Alternatives 2 and 3 are considered to 25 
have a low to moderate likelihood of adverse temperature effects.  Most westside regions 26 
would have a low likelihood while a moderate likelihood applies to areas where Option 1 27 
would be implemented and in lower elevation basins (less than 1,640 feet) where water 28 
temperatures are more sensitive to changes in shade.  A moderate likelihood also applies 29 
to the eastside in areas outside the bull trout overlay. 30 

One area of moderate uncertainty is the effect of nearby clearcuts on air temperatures 31 
surrounding streams, even in the presence of RMZs.  Substantial increases in air 32 
temperatures could lead to negative effects on water temperatures, but the relationship is 33 
not well understood.  Another area of uncertainty involves the effects of nearby clearcuts 34 
on groundwater temperature.  Evidence of a cause-and-effect relationship between 35 
groundwater temperatures and surface water temperatures is not available, but has been 36 
hypothesized by Brosofske et al. (1997).   37 

Alternative 4 38 
Alternative 4 would include no-harvest RMZs for all streams.  With the exception of 39 
streams greater than 30 percent gradient, the widths of the RMZs are expected to provide 40 
full shade protection relative to the 0.75 site potential tree height criterion.  Consequently, 41 
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Alternative 4 has a very low likelihood of adverse temperature effects.  Alternative 4 also 1 
has some uncertainty concerning the effects of upslope clearcuts on stream temperature.  2 
However, since RMZs would be wider under Alternative 4, the likelihood of adverse 3 
effects is lower than under No Action Alternative 1-Scenario 1 and substantially lower 4 
than under No Action Alternative 1-Scenario 2. 5 

4.8.3.9 Dissolved Oxygen 6 
Overview of Effects 7 
The effects of the alternatives on maintaining instream dissolved oxygen levels are 8 
analyzed in this subsection.  Maintaining high dissolved oxygen levels is critical to most 9 
aquatic organisms.  From an historical perspective, forestry-related occurrences of low 10 
dissolved oxygen concentrations (particularly in sediment where they often have adverse 11 
effects incubating salmonid eggs), have been reduced over time (subsection 3.4.2.3, 12 
History of Forest Practices Affecting Erosion and Sedimentation, and subsection 4.5.1, 13 
Surface Water Quality).  Therefore, compared to baseline conditions, the dissolved 14 
oxygen concentrations are not expected to decrease under any of the alternatives, 15 
although specific locations may vary.  The following paragraphs address the likelihood of 16 
reduced oxygen concentrations by alternative in a comparative manner.     17 

No Action Alternative 1-Scenario 2 would have a moderate likelihood of maintaining 18 
adequate dissolved oxygen levels.  The likelihood is moderate because there is an 19 
increased chance of elevated water temperatures and continued management-related 20 
sediment inputs, which could reduce dissolved oxygen levels.  Lack of adequate 21 
protection of dissolved oxygen has the potential to negatively affect developing salmon 22 
and trout eggs. 23 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide greater 24 
protection of sediment inputs and stream temperatures, reducing the likelihood of low 25 
dissolved oxygen levels.   26 

Alternative 4 has a very low likelihood of adversely affecting dissolved oxygen levels 27 
due to greater temperature and sediment-related protections than other alternatives.   28 

Detailed Effects Analysis 29 
Maintenance of sufficient levels of dissolved oxygen is critical for all fish species and 30 
especially salmon and trout (Spence et al. 1996).  Reduced levels can affect growth and 31 
development of all stages, swimming ability, and juvenile and adult migration success.  32 
For salmonids, oxygen levels of 8 to 9 mg/l are generally needed to ensure normal 33 
physiological function of salmonids (Bjornn and Reiser 1991, as cited in Spence et al. 34 
1996).  Current State dissolved oxygen water quality criteria for Class AA and A streams 35 
are 9.5 and 8.0 mg/l, respectively.  However, even higher levels may be needed for 36 
incubating eggs (Hicks 2002).   37 

One of the most critical areas to maintain dissolved oxygen levels is incubating salmonid 38 
eggs in the gravel as concentrations in the gravel are often less than those in the stream 39 
water column (Hicks 2002).  Dissolved oxygen concentration and supply are related to 40 
stream temperature and fine sediment (Chapman and McLeod 1987).  Low dissolved 41 
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oxygen has a negative effect on fish and aquatic insects.  Fine sediment within the 1 
streambed can restrict dissolved oxygen from reaching incubating eggs (Iwamoto and 2 
Saloet al. 1978).  Generally, the effects of the alternatives on dissolved oxygen would be 3 
tied to how well the alternatives protect stream temperature and, most importantly, 4 
addition of fine sediment.  While other factors such as addition of stream nutrients and 5 
highly biodegradable organic matter can affect dissolved oxygen levels in water systems, 6 
these are usually of minor concern in forest streams (Spence et al. 1986; Hicks et al. 7 
1991), and would have very low likelihood of affecting dissolved oxygen levels under 8 
any alternative.  9 

No Action Alternative 1-Scenario 2 10 
No Action Alternative 1-Scenario 2 would have the highest likelihood of management-11 
related fine sediment inputs and elevated stream temperatures of any of the alternatives.  12 
This is primarily due to its relatively low equivalent buffer area index for sediment.  The 13 
low sediment equivalent buffer area index stems from narrower RMZs and greater soil 14 
disturbance allowed near non-fish-bearing streams relative to the other alternatives.  15 
Overall the likelihood for elevated stream temperatures is considered moderate while the 16 
likelihood for continued management-related sediment inputs is high on both the east and 17 
westsides of the State.  The resulting overall likelihood of low dissolved oxygen levels is 18 
considered to be moderate.  The lower rating for dissolved oxygen is based on the fact 19 
that dissolved oxygen, while very important for all aquatic life, is less often noted as 20 
being a concern for salmonids from forest practices (Spence et al. 1996; Hicks et al. 21 
1991) and is not reported as being as frequent of a water quality concern in State streams 22 
as temperature, as indicated by the relative frequency of 303(d) listed streams. 23 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 24 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide better 25 
protection of sediment input and stream temperatures than No Action Alternative 1-26 
Scenario 2.  The likelihood of management-related fine sediment inputs is moderate, and 27 
the likelihood of adequate temperature protection is moderate to high, due primarily to: 28 
1) increased buffer widths on S and F streams, 2) shade rules on the westside and the bull 29 
trout overlay for most streams on the eastside, and 3) moderate RMZs on all non-fish-30 
bearing streams.  Based on the relative rating of these two factors and the relative 31 
potential for dissolved oxygen problems in streams as noted in No Action Alternative 1-32 
Scenario 2, the likelihood of low dissolved oxygen levels is low to moderate for this 33 
group of alternatives.   34 

Alternative 4  35 
Alternative 4 would have a lower likelihood of low dissolved oxygen levels relative to 36 
No Action Alternative 1-Scenario 1 and even lower likelihood relative to No Action 37 
Alternative 1-Scenario 2.  This is mainly due to adequate protection for stream 38 
temperatures and management-related sediment inputs.  The equivalent buffer area index 39 
for sediment is considered at 100 percent of maximum, and other factors would reduce 40 
sediment inputs and, therefore, reduce the potential for low dissolved oxygen levels in the 41 
substrate, where salmonid eggs may be developing.  Alternative 4 also has a “no net 42 
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increase” clause requirement for roads, which is not found in other alternatives.  Since 1 
roads are often the main source of fine sediment input to streams from timber operations 2 
(Furniss et al. 1991) this would further reduce the potential for sediment inputs, and its 3 
related effects on dissolved oxygen, relative to other alternatives.  With large buffers on 4 
all streams, the likelihood of elevated temperatures would be very low across the State.     5 

4.8.3.10 Forest Chemicals 6 
Overview of Effects 7 
The effects of the alternatives on forest chemical entry into streams are analyzed in this 8 
subsection.  Relative to historical chemical use, all alternatives represent an 9 
improvement.  Compared to baseline conditions, the amount of chemicals likely to enter 10 
streams where aquatic organisms may be affected is expected to decrease under any of 11 
the alternatives.  While the Washington Forest Practices Rules under each alternative 12 
govern the application of forest chemicals, other laws regulate the licensing of chemicals 13 
and the individuals who apply them (subsection 4.5.1, Surface Water Quality).  The 14 
following paragraphs address the degree to which each alternative prevents forest 15 
chemical entry to surface waters and wetlands.     16 

There is a moderate likelihood that forest chemicals would enter surface waters and 17 
wetlands under No Action Alternative 1-Scenario 2.  The moderate likelihood is based on 18 
the more limited spray buffers required by the Washington Forest Practices Rules under 19 
this alternative. 20 

There is a low to moderate likelihood that forest chemicals would enter surface waters 21 
and wetlands under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3.  The 22 
low likelihood is based on the wider spray buffers provided to fish-bearing waters under 23 
these alternatives, however, some direct entry to dry, non-fish-bearing channels could 24 
occur that could ultimately reach fish-bearing streams when flow returns.  The moderate 25 
likelihood applies to these situations. 26 

There is a low likelihood that forest chemicals would enter surface waters and wetlands 27 
under Alternative 4.  This is because a minimum 50-foot no-spray buffer would be 28 
present on all streams.  29 

Detailed Effects Analysis 30 
The application of forest chemicals commonly occurs on commercial forestlands to 31 
decrease disease from fungal and insect pests and to decrease competition from 32 
undesirable vegetation (Washington Forest Practices Board 2001a, Appendix J).  Of these 33 
categories of forest chemicals, herbicides are the most commonly used.  Application 34 
techniques include hand, machine, and aerial spraying.  Improper application of forest 35 
chemicals that result in delivery to fish-bearing streams can result in direct acute losses of 36 
fish and chronic reductions in fitness through disease, stress, or reduced feeding (Norris 37 
et al. 1991; Spence et al. 1996).  38 

It should be recognized that evidence of acute or chronic negative effects of forest 39 
chemical use to fish under the Washington Forest Practices Rules in effect on January 1, 40 
1999 (No Action Alternative 1-Scenario 2) is generally lacking.  However, it is also clear 41 
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that many of the commonly used chemicals have severe effects under laboratory 1 
conditions and if improperly used, applied during adverse conditions, or otherwise are 2 
allowed to enter fish-bearing waters at toxic concentrations, these effects could be 3 
realized in the environment.  Consequently, the use of many forest chemicals requires a 4 
Class IV-Special permit (WAC 222-16-070) under all alternatives. 5 

No Action Alternative 1-Scenario 2 6 
Under No Action Alternative 1-Scenario 2, flowing streams and other areas with surface 7 
water would have a 25-foot or 50-foot buffer that would exclude machine and aerial 8 
spraying, respectively.  However, no buffers are required for hand spraying.  Based on 9 
required buffer widths, No Action Alternative 1-Scenario 2 is considered to have low to 10 
moderate likelihood of negative effects to fish. 11 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 12 
Based on required buffer widths, No Action Alternative 1-Scenario 1 and Alternatives 2 13 
and 3 are expected to have a low likelihood of negative effects to fish.  Under No Action 14 
Alternative 1-Scenario 1 and Alternatives 2 and 3, buffers for aerial application would 15 
include RMZ inner zones for fish-bearing waters plus an additional buffer (up to 325 16 
feet) and offset (up to 50 feet) dictated by wind conditions and application height.  Type 17 
N streams with flowing water would have buffers ranging from 50 to 100 feet depending 18 
upon wind conditions and application height.  However, No Action Alternative 1-19 
Scenario 1 and Alternatives 2 and 3 would allow spraying directly over seasonal streams 20 
when water is not present.  Consequently, persistent forest chemicals could be delivered 21 
to fish-bearing streams when flow returns.  Some uncertainty is present under No Action 22 
Alternative 1-Scenario 1 and Alternatives 2 and 3 because implementation of buffer 23 
widths relies entirely on the skill and professional judgment of the pilot applying the 24 
chemical.  Implementation of the buffers requires that pilots accurately judge wind speed, 25 
wind direction relative to the stream, and distance from the stream.  In addition, direct 26 
spraying is allowed on Type Ns streams when no surface water is present, and persistent 27 
chemicals could eventually be transported to fish-bearing waters.   28 

Alternative 4 29 
Alternative 4 requires that no forest chemicals be used within 50 feet of all typed streams, 30 
including hand spraying, and that all plants with cultural value be protected from 31 
pesticides.  Alternative 4 would offer very high protection compared to both scenarios of 32 
No Action Alternative 1 because chemical application would not occur within 50 feet of 33 
all streams.  The requirement under Alternative 4 that plants with cultural value be 34 
protected is problematic for implementation of the prescription.  It is unclear which plants 35 
are considered to have cultural value and how they would be identified and protected in 36 
the field.  Consequently, in areas where extensive field surveys would be required to 37 
protect plants of cultural value, aerial pesticide spraying may be eliminated as a practical 38 
application technique. 39 
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4.8.3.11 Fish Passage 1 
Overview of Effects 2 
The effects of the alternatives on fish passage at roads and in streams are analyzed in this 3 
subsection.  Proper fish passage is essential to ensure that both adult and juvenile fish can 4 
access suitable habitat.  From an historical perspective, blockages to fish passage have 5 
been substantially reduced over time because of increased requirements to provide fish 6 
passage at culverts, improvements in road construction methods, the frequency of 7 
maintenance, and the implementation of BMPs (subsection 3.4.2.3, History of Forest 8 
Practices Affecting Erosion and Sedimentation).  Therefore, compared to baseline 9 
conditions, fish passage is expected to increase under any of the alternatives.  The 10 
following paragraphs address the effects of the alternatives on fish passage in a 11 
comparative manner.   12 

Fish passage can be adversely affected by: 1) high suspended or bedload sediment; 13 
2) high stream temperatures; 3) improper installation of culverts on fish-bearing streams; 14 
4) improper identification of fish-bearing streams; and 5) loss of pool structures in high-15 
gradient streams, due to the loss of LWD or as a result of channel scour (Bjornn and 16 
Reiser 1979; Spence et al. 1996; Palmisano et al. 1993; Murphy 1995). 17 

Fish passage requirements for newly installed culverts would be similar among the four 18 
alternatives for new roads because all crossings require Hydraulic Project Approvals 19 
from WDFW, which would determine the requirement for acceptable fish passage and 20 
would approve installation methods.  Under No Action Alternative 1-Scenario 1 and 21 
Alternatives 2, 3, and 4, changes in stream crossing standards specific to anadromous fish 22 
passage (WAC 222-24-040) are deleted from the Washington Forest Practices Rules, and 23 
standards are deferred to WDFW as part of a Hydraulic Project Approval as defined in 24 
the Hydraulic Code (WAC 220-110).  Hydraulic Project Approvals are also required 25 
under No Action Alternative 1-Scenario 2.  Consequently, the alternatives are essentially 26 
equivalent for new road construction. 27 

However, the alternatives vary in the level and schedule for repairs of previously installed 28 
culverts that were installed improperly, without authorization, or that have subsequently 29 
become barriers to fish passage.  The differences in water typing among the alternatives 30 
also affect which culverts must be fish-passable.   31 

Substantial differences are present among the alternatives for identifying and modifying 32 
or replacing existing culverts that are passage barriers.  As mentioned earlier, criteria for 33 
the construction of stream crossing structures under the January 1, 1999 Washington 34 
Forest Practices Rules are based, in part, on whether a stream is fish-bearing (WAC 222-35 
24-040).  For example, culverts must be a minimum diameter of 24 inches for streams 36 
with anadromous fish and a minimum diameter of 18 inches for streams with resident 37 
game fish.  Therefore, the assumptions made in determining a fish-bearing stream are 38 
critical for evaluating whether existing stream crossings meet the Washington Forest 39 
Practices Rules.   40 
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The likelihood of correcting barriers to fish passage under No Action Alternative 1-1 
Scenario 2 is low.  This is because continued management-related inputs of coarse 2 
sediment are likely to produce aggraded channel conditions in some locations.  Further, it 3 
is because the water typing system is less likely to properly identify fish-bearing streams, 4 
and the lack of RMAPs would not ensure all road-related barriers to fish passage are 5 
corrected.   6 

The likelihood of correcting barriers to fish passage under No Action Alternative 1-7 
Scenario 1 and Alternatives 2 and 3 is high.  This is because these alternatives would 8 
reduce management-related inputs of coarse sediment that could aggrade channels, 9 
improve the identification of fish-bearing waters through the development and 10 
implementation of a new water typing system, and correct all road-related barriers to fish 11 
passage by 2016 through the implementation of RMAPs. 12 

The likelihood of correcting barriers to fish passage under Alternative 4 is slightly higher 13 
than under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, and 14 
substantially higher than under No Action Alternative 1-Scenario 2 because it accelerates 15 
the schedule for implementing RMAPs and requires a cap on road densities.  Like No 16 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3, it also reduces management-17 
related inputs of coarse sediment that could aggrade channels and implements a new 18 
water typing system. 19 

Detailed Effects Analysis 20 
Concerns for fish passage on commercial forestlands usually refer to passage through 21 
culverts at stream crossings.  Culverts as barriers to fish passage are also a well-22 
documented problem on Federal lands in the Pacific Northwest (U.S. General Accounting 23 
Office 2001).  Reduced fish passage or complete blockages at culverts are usually the 24 
result of undersized culverts or culverts with water velocities too high for their length, 25 
sub-optimal placement relative to stream gradient and vertical drop, and lack of 26 
downstream holding pools (Hicks et al. 1991).  However, other factors such as blockages 27 
caused by elevated stream temperatures, aggraded channel conditions, high suspended 28 
sediment levels, and loss of step-pool habitat can also restrict fish passage (Furniss et al. 29 
1991; Washington Department of Ecology 2002a).   30 

Historically, concerns were raised about large log jams and excessive stream loading 31 
from logging slash and debris that was left in streams, affecting fish passage that led to 32 
stream cleaning programs in some western states (Maser and Sedell 1994).  However, the 33 
concerns over passage at log jams were minimized, and some stream cleaning programs 34 
were found to be detrimental.  Consequently, resource agencies are now more careful 35 
about permitting or requiring LWD removal from streams.   36 

Salmon and trout have a powerful instinctual desire to move upstream during spawning 37 
migrations, which leads them to pass seemingly insurmountable obstacles such as 38 
waterfalls.  However, biological and physical limitations can restrict their movements.  39 
These limitations include burst swimming speed and duration, leaping ability, and water 40 
velocities and depth (Furniss et al. 1991; Bjornn and Reiser 1991; Dane 1978).  Factors 41 
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that affect burst swimming speeds and duration include fish size and condition.  Larger 1 
fish can swim faster and fish approaching senescence have reduced capacity or require 2 
longer rest periods between bursts (Bjornn and Reiser 1991; Powers and Orsborn 1985).  3 
Leaping ability is a combination of swimming speed and the availability of suitably sized 4 
pools from which to leap.  Optimally sized pools allow fish to reach maximum speed at 5 
the proper angle to make the leap (Watts 1974; Baker and Vatapka 1990; Powers and 6 
Orsborn 1985).  Swimming speeds and water velocities determine the length of pipe 7 
through which a fish can successfully maneuver (Washington Department of Fish and 8 
Wildlife 1999a; Baker and Vatapka 1990).  9 

Culverts become barriers when their physical characteristics exceed the capacity of fish 10 
biology.  Barriers can occur to both juveniles moving upstream and downstream and 11 
adults moving upstream.  Common problems include perched outlets with unsuitable 12 
leaping pools, culverts that become dry during summer months, culverts that are too long, 13 
culverts with high gradients resulting in high water velocities, and culverts with 14 
inadequate resting places (Furniss et al. 1991; Baker and Vatapka 1990).  In addition, 15 
undersized or poorly constructed culverts that blowout during peak flows can become 16 
obstacles until fixed.   17 

Also, debris flows are considered the primary blockage of upstream passage on streams 18 
when they trap large amounts of sediment (Bryant 1983).  Debris flows caused either 19 
from culvert outwash, road failure, or hillslope debris slides could cause this type 20 
blockage.  High bed sediment load in streams has also been found to cause areas to go 21 
dry during some flows restricting migration at least temporarily (Hartmean et al. 19965).  22 
High temperatures or high suspended sediment loads also can cause temporary blockages 23 
(Newcombe and MacDonald 1991; Whitman et al. 1982; Lloyd 1987; Hicks 2002; 24 
Washington Department of Ecology 2002a). 25 

As noted earlier, the assumptions used in deciding whether a stream is fish-bearing are 26 
critical in evaluating whether existing stream crossings are adequate to supply fish 27 
passage.  The stream classification system used among the alternatives would affect this 28 
determination. 29 

No Action Alternative 1-Scenario 2 30 
The January 1, 1999 Washington Forest Practices Rules water classification system 31 
would be used under this alternative.  It had the five follwing categories: 32 

• Type 1: All waters inventoried as “Shorelines of the State”; highly productive fish-33 
bearing waters 34 

• Type 2: Highly productive fish-bearing waters not designated as Type 1 streams 35 
• Type 3: Fish-bearing waters with moderate to slight fish use 36 
• Type 4: Perennial non-fish-bearing streams 37 
• Type 5: Generally seasonal non-fish-bearing streams 38 

Numerous additional water typing criteria based upon channel width, gradient, flow, size 39 
of impoundment (if present), and level of domestic use are utilized to categorize a stream 40 
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(WAC 222-16-030).  Recent checking of this classification system has shown that many 1 
fish-bearing waters were untyped or mistyped as non-fish-bearing waters.  However, the 2 
interim typing system in the current Washington Forest Practices Rules, which accounts 3 
for much of this mistyping, is assumed to continue even under No Action Alternative 1-4 
Scenario 2. 5 

Under No Action Alternative 1-Scenario 2, the interim water typing criteria would 6 
continue to be used, and there would be no systematic upgrade of culverts with fish 7 
passage problems.  Some culverts would be identified and fixed as part of Watershed 8 
Analysis, but Watershed Analysis is voluntary for private landowners.  Consequently, 9 
problem culverts could remain barriers until a forest practices application was received 10 
for a nearby harvest, or the State identified the problem through a State-sponsored 11 
Watershed Analysis.  Based upon the forest practices application or Watershed Analysis, 12 
Washington DNR could then require repair or replacement of problem culverts.  WDFW 13 
could also require correction of blocking culverts under its own Hydraulic Project 14 
Approval authority, or work cooperatively with landowners and funding entities to 15 
correct problem culverts.   16 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 17 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would require new stream 18 
typing systems that would increase the accuracy of fish-bearing stream identification and 19 
would expedite correction of fish passage problems. 20 

Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 a new stream typing 21 
system would be implemented for State and private forestlands (DEIS Appendix B).  The 22 
new system would include: 23 

• Type S: All waters inventoried as “Shorelines of the State” 24 
• Type F: Waters not classified as Type S, which contain fish habitat 25 
• Type N: Waters not classified as Type S or F, which do not contain fish habitat and 26 

are either perennial streams (Type Np) or seasonal (Type Ns) 27 

Identification of Type F waters would occur using a model, currently under development, 28 
that is likely to be based on stream gradient, drainage size, and other factors.  Type F 29 
waters are likely to include all streams currently categorized as Type 2 and Type 3, plus a 30 
portion of Type 4 streams. Errors in stream types from the model can be corrected based 31 
upon field observations.  Implementation of the new model is expected to substantially 32 
increase the total miles of streams classified as fish habitat and would thus, necessitate 33 
that fish passage is provided for all life stages of fish on those streams, a substantial 34 
improvement over No Action Alternative 1-Scenario 2.   35 

Under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, landowners would 36 
be required to upgrade road networks to current standards by 2016, and large forest 37 
landowners must prepare an RMAP for their entire property by December 2005.  38 
Included in the Washington Forest Practices Board Manual are flow criteria for a given 39 
culvert length and fish species, and specific requirements for prioritizing roadwork based 40 
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upon fish passage (Washington Forest Practices Board 2001b).  Passage criteria for fish 1 
through culverts appear adequate for most species and life stages when compared to 2 
criteria reported by Powers and Orsborn (19854).  However, water velocity criteria for 3 
trout are 50 to 100 percent higher than criteria reported in Powers and Orsborn (1984).  4 
Consequently, passage protection may not be adequate under all circumstances for trout.  5 
In combination, the new plan, passage criteria, and stream-typing system should result in 6 
substantial improvements in fish passage within the next 15 years under No Action 7 
Alternative 1-Scenario 1 compared to No Action Alternative 1-Scenario 2.  No Action 8 
Alternative 1-Scenario 1 and Alternatives 2 and 3 do not require upgrades to all culverts.  9 
Upgrades would be required based upon the effect of a culvert on public resources.  If no 10 
negative effects are present from a culvert, then the culvert would not require 11 
replacement until the end of its life. 12 

Alternative 4 13 
Alternative 4 would also require new stream typing systems that would increase the 14 
accuracy of fish-bearing stream identification and would expedite correction of fish 15 
passage problems.  Alternative 4 would implement a new stream typing system based 16 
upon geomorphic characteristics: 17 

• Type 1: Less than 20 percent gradient; all fish-bearing streams and other channels 18 
are considered important for fish 19 

• Type 2: 20 to 30 percent gradients; channels are considered important for coarse 20 
sediment storage and as sources of LWD 21 

• Type 3: Greater than 30 percent gradient; channels are considered prone to 22 
channelized landslides and as sources of LWD 23 

Alternative 4 also includes road plans, but upgrades would be required by 2011.  In 24 
combination, the new plan, passage criteria, and stream-typing system should result in 25 
substantial improvements in fish passage within the next 10 years under Alternative 4, 26 
with the largest amount of restoration occurring in eastside forests. 27 

Alternative 4 does not require upgrades to all culverts.  Upgrades would be required 28 
based upon the effect of a culvert on public resources.  If no negative effects are present 29 
from a culvert, then the culvert would not require replacement until the end of its life. 30 

In summary, as noted above, while culverts are the major factor potentially affecting fish 31 
passage related to forest practices, other factors including suspended and bedload 32 
sediment, and high water temperatures may affect fish passage or migration.  Generally 33 
the relative rank of the alternatives for passage would follow that for coarse sediment, 34 
fine sediment, and water temperatures.  Those alternatives with the highest likelihood of 35 
reducing management-related inputs of these parameters would be expected to have the 36 
highest likelihood for correcting fish passage barriers.  The result would be that No 37 
Action Alternative 1-Scenario 2 would have the lowest likelihood for improvement while 38 
Alternative 4 would have the highest likelihood for improving fish passage conditions.  39 
No Action Alternative 1-Scenario 1 and Alternative 2 and 3 would be intermediate 40 
between these two.  41 
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4.8.4 Synthesis by Analysis Region 1 
This subsection is designed to provide a regional perspective of the alternatives and a 2 
discussion of how they might affect the status of covered fish species found in the 3 
analysis regions.  Numerous factors, including forest practices, affect the abundance and 4 
distribution of Pacific salmon and trout (Spence et al. 1996; Palmisano et al. 1993; NMFS 5 
2000; Federal Caucus 1999).  Other factors such as urbanization, agriculture, fish harvest, 6 
hatchery management practices, ocean conditions, and dams for hydroelectricity, flood 7 
abatement, irrigation, and drinking water all contribute in varying degrees to the current 8 
status of listed fish species.  NMFS suggest that human-influenced changes in all of these 9 
factors (except perhaps ocean conditions) will be required to progress towards a regional 10 
recovery of these species (NMFS 2000; NMFS 1996b; NMFS 1998).  Depending upon 11 
the watershed, each of the factors will have more or less influence on the recovery of any 12 
listed species in that watershed.  Consequently, in any individual watershed, the 13 
Washington Forest Practices Rules may have a range of effects from slight to substantial 14 
on the salmonids in that watershed.  Covered and other species were considered in the 15 
same manner as listed species, since factors affecting listed species would generally have 16 
similar effects on other species of concern.  Special characteristics of these other species 17 
were considered and are noted in this evaluation where appropriate (FPHCP, Chapter 3, 18 
Biological Data on and Factors Affecting Covered Species).  19 

The analysis in this subsection is based upon the assumption that factors unrelated to 20 
forest practices may prevent attainment of robust, harvestable populations of salmonids 21 
even if the prescriptions in the FEIS alternatives are fully effective in providing adequate 22 
habitat conditions.  This assumption is necessary because integration of all the various 23 
factors and their range of possible future outcomes is highly speculative and would 24 
require a level of detail and site-specificity far beyond the scope of this analysis.  25 

The forestlands subject to Washington Forest Practices Rules cover about 51 percent 26 
(approximately 8,005,000 acres) of all lands on the westside and about 12 percent 27 
(approximately 3,365,000 acres) of all lands on the eastside of Washington State (Tables 28 
3-2 and 3-3).  This is a significant amount of land for both portions of the State. Analysis 29 
regions containing larger amounts of forestland and forest practices activities should have 30 
proportionately larger effects on listed salmon and trout.  However, this simple 31 
relationship is complicated by mixed ownerships and mixed management objectives in 32 
most parts of the State.  33 

Relative to existing conditions within all regions, implementation of No Action 34 
Alternative 1-Scenario 2 would likely improve habitat conditions due to recovery of 35 
riparian function (Table 3-17) from past riparian harvest and other past associated forest 36 
practices in some forested regions.  However, protection levels under No Action 37 
Alternative 1-Scenario 2, relative to other alternatives, would be low.  In contrast, No 38 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3 are considered to have 39 
moderate to high protection, and Alternative 4 is considered to have high to very high 40 
protection.  One major difference under No Action Alternative 1-Scenario 1 and 41 
Alternatives 2, 3, and 4 is that Channel Migration Zones would be recognized and 42 
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protected, and RMZs would begin at the edge of Channel Migration Zones rather than 1 
from the ordinary high water mark as would be the case under No Action Alternative 1-2 
Scenario 2.   3 

Alternative 4 would implement the widest no-harvest buffers, includes an accelerated 4 
schedule for RMAPs, and provides a cap on road densities.  Consequently, it would have 5 
the highest level of long-term protection among the four alternatives.  However, in 6 
contrast to No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, Alternative 4 7 
does not provide incentives to landowners to accelerate habitat recovery through active 8 
LWD placement strategies or thinning of over-stocked riparian stands.  These strategies 9 
are allowable under Alternative 4 provided the landowner obtains a Class IV−special 10 
permit and a Hydraulic Project Approval, but there is little to no economic incentive to 11 
implement these strategies. 12 

All of the alternatives would include some level of Watershed Analysis.  No Action 13 
Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 would improve upon current 14 
Watershed Analysis methods by adding modules for cultural resources and stream 15 
restoration, and make improvements in the hydrology and water quality modules.  16 
Alternative 4 would also include a module for monitoring watershed conditions and 17 
prescription effectiveness.  A major difference is that No Action Alternative 1-Scenario 1 18 
and Alternatives 2 and 3 would eliminate the prescriptive phase of the riparian function 19 
module while the phase would continue under Alternative 4.  Under No Action 20 
Alternative 1-Scenario 1 and Alternatives 2 and 3, the prescriptive phase would not be 21 
needed, based upon the assumption that standard Washington Forest Practices Rules 22 
would be effective in preventing cumulative watershed effects.   23 

While these alternatives do not include a direct watershed level perspective, the 24 
Washington Forest Practices Rules that would be implemented under these alternatives 25 
were based on extensive watershed analyses conducted from 1991 to 1996.  So the 26 
practical benefit of the Watershed Analysis inclusion may only be slight.  While 27 
Watershed Analysis is included in these alternatives, it is not likely to be implemented 28 
since it is dependent on State funding.  Since adoption of the current Washington Forest 29 
Practices Rules very few new watershed analyses have been completed, and it appears 30 
that there is little incentive for Watershed Analysis to be done (Personal Communication, 31 
Darin Cramer, Washington DNR, April 9, 2004).  The most common problem areas 32 
found during watershed analyses—riparian buffers, roads and unstable slopes—were the 33 
priority issues addressed in the Forests and Fish Report and the subsequent revised 34 
Washington Forest Practices Rules.  Further, through the FPHCP, the State of 35 
Washington is pursuing incidental take coverage of aquatic species for the Washington 36 
Forest Practices Rules.  Therefore, much of the benefit from and incentive to perform 37 
Watershed Analysis has likely been realized, or no longer exists, respectively. 38 

Under Alternatives 2 and 3, effectiveness monitoring under the adaptive management 39 
program would result in a better understanding of the effects of forest practices on 40 
watershed processes and aquatic habitat.  The adaptive management program is also 41 
assumed to implement any changes in prescriptions that are needed to maintain adequate 42 
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levels of protection.  Failure of these assumptions could be detrimental to the recovery of 1 
listed species even if individual prescriptions appear adequate.  If standard Washington 2 
Forest Practices Rules provide all the necessary certainty to landowners concerning 3 
activities on their lands, the benefits of voluntary Watershed Analysis may not outweigh 4 
the costs to private landowners.   5 

Because prescriptions are generally equivalent or more conservative under Alternative 4, 6 
the likelihood of voluntary completion of Watershed Analysis by landowners is probably 7 
about the same under this alternative as it is under No Action Alternative 1-Scenario 1 8 
and Alternatives 2 and 3.  Nevertheless, Watershed Analysis may eventually be 9 
completed for all watersheds, but will likely require a longer period of time for 10 
completion since the analysis will be voluntary.  Watershed analysis, when implemented, 11 
would continue to be important for obtaining and organizing baseline information needed 12 
for monitoring.  13 

Changes in the Washington Forest Practices Rules under No Action Alternative 1-14 
Scenario 1 and Alternatives 2, 3, and 4 would have a greater influence on the long-term 15 
recovery of species than the short-term recovery.  However, the reviewer is reminded to 16 
consider the differences in effectiveness over time of the adaptive management program 17 
among this group of alternatives (No Action Alternative 1-Scenario 1 [low], Alternative 2 18 
[high], Alternative 3 [moderate], Alternative 4 [low]) in evaluating effects (subsection 19 
4.1.5, Adaptive Management).  Improvements in road management practices and road 20 
upgrades should be apparent first, particularly related to fine sediment that influences the 21 
survival of incubating salmon and trout eggs.  Increased fish passage through culverts 22 
would also be realized relatively quickly as RMAPs would be implemented by 2011 23 
(Alternative 4) or 2016 (No Action Alternative 1-Scenario 1 and Alternatives 2 and 3).  24 
A reduction in the frequency and magnitude of mass wasting events that deliver coarse 25 
sediment to streams should become apparent.  However, some streams may require many 26 
years to recover from historical management-related inputs of coarse sediment (20 to 100 27 
years or more).  Similarly, the recovery of LWD recruitment is a long-term process.  28 
Moderate levels of recovery may require 80 years or more in riparian areas dominated by 29 
early-seral stage stands.  Some stands will require longer periods to achieve key piece-30 
size trees without some form of management such as thinning or removal of hardwoods. 31 
Consequently, in severely degraded forested areas, it is unlikely that fish habitat 32 
conditions will improve substantially in the near-term (less than 20 to 40 years) without 33 
enhancement. 34 

Many factors have contributed to the decline of the listed fish species in the Pacific 35 
Northwest.  The term for these factors has sometimes been referred to as the “four H’s.”  36 
The H’s refer to effects of habitat, harvest, hatcheries, and hydropower on these fish 37 
(Federal Caucus 1999, see also the archive for all Federal Caucus documents, 38 
http://www.salmonrecovery.gov/Archive_chronological.shtml).  For recovery of listed 39 
fish species and protection of many other species, actions in all of these areas are needed.  40 
The actions being considered in this document would affect only the habitat “H” in each 41 
region.  But the overall effect on covered species not only depends on the effectiveness of 42 
these actions, but also on what is occurring to habitat from other land use practices (i.e., 43 
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agriculture, urbanization), as well as the harvest, hatcheries, and hydropower factors in 1 
each region.  The following paragraphs include a region-based synthesis of how the 2 
alternatives may potentially affect covered species in light of the four H’s in each of these 3 
regions.  Hatchery effects will be discussed in more detail in Chapter 5, Cumulative 4 
Effects.  5 

4.8.4.1 North Puget Sound 6 
A high proportion of this Region is designated as forestlands (78 percent or 3,427,000 7 
acres).  The Washington Forest Practices Rules regulate commercial timber activities for 8 
private holdings on a small portion, about 24 percent (1,075,000 acres) of lands, which 9 
includes 31 percent of all forestlands in the Region.  Washington DNR also manages an 10 
additional 11 percent of all lands (14 percent of all forests), primarily under its State 11 
Trust Lands HCP (Washington DNR 1997d). Federal- and State-protected forestlands, 12 
not managed for timber harvest, account for a large part of the Region, primarily 13 
associated with the North Cascades National Park and other designated wilderness areas, 14 
including about 37 percent of all lands (48 percent of all forests).  Also, Federal and tribal 15 
forestlands available for timber harvest equal about 5 percent of all lands (7 percent of all 16 
forests).  17 

The amount and location of streams and forested lands affected by forest practices has the 18 
potential to influence production and survival of fish and other aquatic resources to 19 
varying degrees.  The relative amount of streams is high in this Region (28,653 stream 20 
miles), having 11 percent of all State stream miles.  This Region also has a relatively low 21 
portion of all stream miles (26 percent) subject to the Washington Forest Practices Rules, 22 
and ranks as the lowest among western Washington regions.  Exempt 20-acre parcels 23 
comprise about 0.7 percent of the forestlands and about 1.5 percent of the forestlands 24 
subject to the Washington Forest Practices Rules in the North Puget Sound Region 25 
(Rogers 2003).   26 

Chinook salmon and bull trout are listed as threatened in the Region, and seven other 27 
species with State or Federal status are present, including coho salmon, coastal cutthroat 28 
trout, Pacific lamprey, river lamprey, Salish sucker, eulachon, and green sturgeon 29 
(subsection 3.8.4, The Freshwater Aquatic Ecosystem). 30 

Habitat, hydropower, hatcheries, and harvest are the major factors affecting fish 31 
populations.  Each of the four H’s has been cited as contributing to the listing of the 32 
species.  While many lowland areas of the Region are highly urbanized, some having 33 
dense population centers (e.g., Bellingham, Everett), the urban environment is less than 2 34 
percent of the Region.  The major rivers have all had extensive floodplain and estuarine 35 
modification.  Lower mainstem river modifications have included extensive diking along 36 
the Skagit, Stillaguamish, and Nooksack Rivers.  Better timber management over the past 37 
three decades has improved habitat to a greater degree than in urban and agricultural 38 
areas (DEIS Appendix).  In this Region, mass wasting has been a historical timber 39 
management problem (DEIS Appendix A).  The Skagit and Snohomish River systems 40 
have hydroelectric and/or drinking water dams and reservoirs.   41 
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Overall, ongoing improvements to the Washington Forest Practices Rules under No 1 
Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 could have low to moderate 2 
benefit to the recovery of the listed species due to the relatively small portion of streams 3 
that would be affected.  Also, because non-forest related activities have a large effect on 4 
these species, changes in Washington Forest Practices Rules, by themselves, are unlikely 5 
to lead to the recovery of these species.  6 

Changes in the Washington Forest Practices Rules would likely have the largest effect on 7 
bull trout and cutthroat trout because they are predominantly found in forested areas and 8 
are influenced less by marine factors, harvest, hatcheries, and urbanization (subsection 9 
3.8 2, Fish Status in Washington).  No Action Alternative 1-Scenario 2 could reduce 10 
chances of recovery in this Region because of relatively low protection of fish habitat.  11 
However, conversion of forestland to land development would reduce the benefits of any 12 
alternative for covered species, but especially under Alternative 4, which would likely 13 
have the highest conversion rate while Alternative 2 would have the lowest rate 14 
(subsection 4.2.3.2, Forestland Conversion).  The abundance of urban areas would 15 
contribute to conversions in this Region relative to most other regions.  16 

Protection for the other seven representative covered species (those with lesser Federal or 17 
State status) in this Region would be affected in a similar manner, by the alternatives, as 18 
the listed stocks.  Generally most would be less directly affected by the considered forest 19 
management regulations.  Coho salmon and coastal cutthroat trout would be affected in a 20 
manner similar to the listed stocks as both species rely on many of the same habitat 21 
features.  Neither species is likely to be as affected to the degree bull trout would likely 22 
be, as they are not as dependent on very cold water conditions found in headwater 23 
streams.  Sea-run and other migratory life history forms of cutthroat often use high 24 
gradient, small tributaries; however they have a broader habitat use encompassing low 25 
elevation streams, and sea-runs frequently use estuaries (subsection 3.8.3.1, Pacific 26 
Salmon and Trout - General).  The other representative covered species are less 27 
associated with forested mountainous regions where many of the managed forests occur.   28 

Green sturgeon are rarely present in any the streams in of this Region and would only be 29 
found in the lowest reaches of major rivers where other land practices (e.g., diking, 30 
estuary modification, water quality) have more dominant habitat effects (subsection 31 
3.8.3.2, Green Sturgeon).  Differences among alternatives are unlikely to significantly 32 
affect this species.   33 

Eulachon is also primarily found in the lower reaches of major rivers (e.g., Nooksack 34 
River) and are likely most affected by lower river land use practices.  However, improved 35 
overall stream conditions related to flow, sediment, and large wood would be of benefit 36 
and would result more from No Action Alternative 1-Scenario 1, Alternatives 2 and 3, 37 
and mostly by Alternative 4.   38 

Salish suckers mostly utilize lower velocity areas of larger streams and ponds (subsection 39 
3.8.2.10, Mountain Sucker and Salish Sucker).  These areas are again, less directly 40 
affected by the alternatives being considered, but also would benefit from improved 41 
habitat conditions that would be provided by all but No Action Alternative 1-Scenario 2.   42 
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Both Pacific and river lamprey would be more restricted to the larger streams and 1 
adjacent low gradient tributaries.  Both require clean gravel conditions for spawning, and 2 
juveniles rear for several years in fine sediment in tributaries and rivers.  Warm 3 
temperatures, sediment in gravels, and upstream migrations barriers are believed to be 4 
limiting factors for these species (Close et al. 1995).  Improved forest practices, as 5 
included in all but No Action Alternative 1-Scenario 2, would benefit these fish species, 6 
but other in-basin activities (e.g., agriculture, urbanization, floodplain diking) would play 7 
a major role in maintaining these stocks.  No marked differences among alternatives 8 
relative to their marine life cycle are expected, as they are not reported to rely on estuary 9 
conditions as adults, which are where alternatives may differ slightly in their effects 10 
(subsection 4.8.2, Nearshore Marine Areas, and subsection 3.8.3.3, Pacific and River 11 
Lamprey).   12 

4.8.4.2 South Puget Sound 13 
A high proportion of this Region is designated as forestlands (70 percent or 1,532,000 14 
acres).  The Washington Forest Practices Rules regulate commercial timber activities for 15 
private holdings on a moderate portion, about 45 percent (970,000 acres) of lands, which 16 
includes 63 percent of all forestlands in the Region.  Washington DNR also manages an 17 
additional 7 percent of all lands (10 percent of all forests) primarily under its State Trust 18 
Lands HCP (Washington DNR 1997d).  Federal- and State-protected forestlands, not 19 
managed for timber harvest, include about 13 percent of all lands (19 percent of all 20 
forests).  Also Federal and tribal forestlands, available for timber harvest, equal about 6 21 
percent of all lands (8 percent of all forests).  Exempt 20-acre parcels comprise about 0.6 22 
percent of the forestlands and about 0.8 percent of the forestlands subject to the 23 
Washington Forest Practices Rules in the South Puget Sound Region (Rogers 2003). 24 

The amount and location of streams and forested lands affected by forestry activities has 25 
the potential to influence production and survival of fish and other aquatic resources to 26 
varying degrees.  The relative amount of stream miles is moderate in this Region (13,832 27 
stream miles), having 5 percent of all State stream miles (about half that of North Puget 28 
Sound).  But this Region has the second highest portion of all stream miles (52 percent) 29 
protected under the Washington Forest Practices Rules among the 12 regions.   30 

Chinook salmon and bull trout are listed as threatened in the South Puget Sound Region.  31 
Six of the same seven species (not eulachon) with lesser State or Federal status, identified 32 
for North Puget Sound, are present in South Puget Sound plus the Olympic mudminnow 33 
and pygmy whitefish.  34 

Effects on fish in this Region differ from North Puget Sound primarily in the very large 35 
portion of the Region that is commercial or residential uses.  This Region has the largest 36 
portion of urbanized area of any region in the State at about 17 percent of the total 37 
regional area (Table 3-2); it includes Seattle, Tacoma, and Olympia as major urban 38 
centers.  Similar to North Puget Sound, most major rivers systems have had major 39 
estuarine development and diking, with the only exception being the Nisqually River.  40 
Dams constructed for hydropower and water storage have had a major effect on available 41 
habitat in the Region.  Dams are located on the Cedar, Green, White, Puyallup, and 42 
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Nisqually Rivers.  These developments include some blockages of historical spawning 1 
and rearing areas.  Landslide potential is of concern in some of the subbasins within this 2 
Region (DEIS Appendix A).   3 

Lack of agricultural and urban buffers are considered one of the major limiting factors in 4 
the Region.  The forested riparian corridors are mostly in early-seral stages and will need 5 
many years before they contribute to LWD recruitment.  Recovery of LWD recruitment 6 
is slow, and instream LWD is often removed inappropriately.  However, over the last 30 7 
years, improved riparian management has resulted in improvements in forest areas 8 
relative to the urban areas (DEIS Appendix A). 9 

The improvements to the Washington Forest Practices Rules under No Action Alternative 10 
1-Scenario 1 and Alternatives 2, 3, and 4 could have moderate benefits to the recovery of 11 
listed species due to the relatively high portion of streams that would be affected.  12 
However, changes in Washington Forest Practices Rules, by themselves, are unlikely to 13 
lead to the recovery of these species.  This is especially true for the large habitat 14 
alterations that are likely to remain in the lower floodplain area from the 15 
commercial/industrial development.  As noted for North Puget Sound, the largest benefit 16 
would likely be for bull trout because they are predominantly found in forested areas and 17 
are influenced less by marine factors, harvest, hatcheries, and urbanization.  No Action 18 
Alternative 1-Scenario 2 could reduce chances of recovery in this region because of 19 
relatively low protection of fish habitat.  Conversion of forestland to non-forest uses 20 
would reduce the benefits of any alternative for covered species.  Conversions are likely 21 
be the highest in this Region under any alternative, but especially under Alternative 4 22 
which would likely have the highest conversion rate while Alternative 2 would have the 23 
lowest rate (subsection 4.2.3.2, Forestland Conversion).   24 

Protection to the other representative covered species would be similar to the protection 25 
noted for similar species in North Puget Sound.  Pygmy whitefish are primarily found in 26 
cold mountain lakes and, when in streams, require clear, cold water.  They are susceptible 27 
to sedimentation and increased temperature (subsection 3.8.3.5, Pygmy Whitefish).  28 
Benefits from the alternatives for this species may be similar to that of bull trout because 29 
its habitat is more affected by forest practices.  The Olympic mudminnow would likely 30 
experience relatively lower benefits from implementation of any of the alternatives 31 
because they are more often found in lowland low-gradient streams that, in this Region, 32 
are generally more prone to industrial, agricultural, or urban developments. 33 

4.8.4.3 West Puget Sound 34 
A very high proportion of this Region is designated as forestlands (88 percent or 35 
1,522,000 acres).  The Washington Forest Practices Rules regulate commercial timber 36 
activities for private holdings on a moderate portion, about 40 percent (700,000 acres) of 37 
lands, which includes 46 percent of all forestlands in the Region.  Washington DNR also 38 
manages an additional 10 percent of all lands (11 percent of all forests) primarily under 39 
its State Trust Lands HCP (Washington DNR 1997d).  Federal- and State-protected 40 
forestlands, not managed for timber harvest, include about 36 percent of all lands (4 41 
percent of all forests).  Federal and tribal forestlands, available for timber harvest, also 42 
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equal about 1 percent of all lands (2 percent of all forests).  Exempt 20-acre parcels 1 
comprise about 2.2 percent of the forestlands and about 3.8 percent of the forestlands 2 
subject to the Washington Forest Practices Rules in the West Puget Sound Region 3 
(Rogers 2003). 4 

The amount and location of streams and forested lands affected by forestry activities has 5 
the potential to influence production and survival of fish and other aquatic resources to 6 
varying degrees.  The relative number of stream miles is low in this Region (9,114 stream 7 
miles), which includes about 3 percent of all State stream miles.  This Region also has a 8 
high portion of all stream miles (43 percent) protected under the Washington Forest 9 
Practices Rules.   10 

Chinook salmon and bull trout inhabit this Region, which are federally listed as 11 
threatened, plus a threatened summer run of chum salmon that occurs in northern Hood 12 
Canal and the eastern Strait of Juan de Fuca.  Six of the same seven species (not 13 
eulachon) with lesser State or Federal status as North Puget Sound are present here, plus 14 
the Olympic mudminnow.   15 

The Region has a mix of land uses that may affect fish habitat.  There are moderate 16 
amounts of residential/commercial development (4 percent) and agriculture land uses (3 17 
percent).  The effects of the four H’s have been less severe here than in the remainder of 18 
Puget Sound.  However, effects have included a major blockage of the Elwha River, 19 
including nearly the entire pristine portion of the watershed; substantial portions of the 20 
Skokomish River in south Hood Canal are also blocked.  Most streams, however, are 21 
relatively small, other than the Dungeness and Elwha Rivers, with many drainages 22 
extending into the Olympic National Park.   23 

Private timber harvest area includes much of the lowland areas of the Kitsap Peninsula, 24 
which has a high rate of land conversion (See below for effects).  With the presence of 25 
the National Park and other protected areas, much of the forestland is not managed for 26 
timber production (Table 3-3).  An additional portion has protections under the State 27 
Trust Lands HCP (Washington DNR 1997d).  The Olympic Peninsula has naturally high 28 
rates of debris avalanches that contribute large amounts of sediment and organic debris to 29 
streams.  Due to their small size, almost no streams have naturally large estuaries and 30 
thus, other than the Skokomish River, have not undergone large modifications like other 31 
major rivers in Puget Sound.  With improvements in riparian management over the last 32 
30 years and much of the upper portions of riparian areas protected, streams in the 33 
Region are recovering and have the advantage of relatively low impacts from activities 34 
relative to other Puget Sound regions.   35 

The riparian buffers under No Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 36 
4 could have moderate benefits to the recovery of listed species.  However, the high 37 
portion of exempt 20 acre parcels (DEIS Appendix A) may reduce the overall benefits of 38 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 due to less protective 39 
riparian buffers on these parcels.  The relatively good environmental conditions, lack of 40 
large non-forest related impacts (relative to other Puget Sound regions), and high portion 41 
of forests that are under the Washington Forest Practices Rules, contributes to this 42 



 
 
 
 
 
 

Fish and Fish Habitat Final EIS 
 

4-216

 Chapter 4 
recovery benefit.  As with other areas, bull trout would benefit most from implementation 1 
of these alternatives among the listed species due to its preference for low stream 2 
temperatures and its lack of influence by hatcheries or commercial effects relative to the 3 
two other listed species (subsection 3.8.5.3, West Puget Sound).  No Action Alternative 4 
1-Scenario 2 could reduce chances of recovery in this region because of relatively low 5 
protection of fish habitat.  Conversion of forestland to non-forest uses would reduce the 6 
benefits of any alternative for covered species, but especially under Alternative 4, which 7 
would likely have the highest conversion rate.  Alternative 2 is expected to have the 8 
lowest rate of conversion (subsection 4.2.3.2, Forestland Conversion).  The expansion of 9 
urban area would contribute to conversions in this Region relative to most other State 10 
regions. 11 

Protections to the other seven representative covered species would be similar to those 12 
noted for North Puget Sound for the same species.  Protections for the Olympic 13 
mudminnow would be as described for the South Puget Sound Region.  14 

4.8.4.4 Islands 15 
A high proportion of this Region is designated as forestlands (73 percent or 180,000 16 
acres).  The Washington Forest Practices Rules regulate commercial timber activities for 17 
private holdings on a moderate portion, about 63 percent (154,000 acres) of lands, which 18 
includes 86 percent of all forestlands in the Region.  Washington DNR also manages an 19 
additional 4 percent of all lands (6 percent of all forests) primarily under its State Trust 20 
Lands HCP (Washington DNR 1997d).  Federal- and State-protected forestlands, not 21 
managed for timber harvest, include about 5 percent of all lands (7 percent of all forests).  22 
Also, Federal and tribal forestlands available for timber harvest equal about 2 percent of 23 
all lands (2 percent of all forests).  Exempt 20-acre parcels comprise about 1 percent of 24 
the forestlands and about 1.1 percent of the forestlands subject to the Washington Forest 25 
Practices Rules in the Islands Region, based on an analysis done only in the San Juan 26 
WRIA by Rogers (2003).  27 

The proportion of total stream miles in the State contained within the Islands Region is 28 
very low (1,009 stream miles or less than 1 percent).  However, this Region has a high 29 
portion of all stream miles (47 percent) protected under the Washington Forest Practices 30 
Rules.   31 

No listed or other representative covered species are present in the Island Region, but 32 
coho salmon and searun cutthroat are present.  The amount and location of streams and 33 
forested lands affected by forestry activities has the potential to influence production and 34 
survival of these fish to varying degrees.   35 

Agricultural areas (17 percent) and growing commercial/residential areas (6 percent) 36 
comprise a relatively high proportion of total land area in the Region, especially for 37 
western Washington.  Habitat modification has been the major impact in this Region, as 38 
the other four H’s have had relatively minor effects.  Most streams are generally 39 
ephemeral and do not provide adequate flow for salmonid use.  However, where habitat is 40 
present, access may be the greatest limiting factor (e.g., culverts, tidegates) (DEIS 41 
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Appendix A).  The major concern for the Islands Region is conversion of shoreline forest 1 
to residential land use and shoreline hardening (DEIS Appendix A).  These factors could 2 
affect major salmon runs from rivers adjacent to this Region (e.g., Nooksack, Skagit, and 3 
Snohomish Rivers) that use marine shoreline areas during early rearing and adult 4 
migration.     5 

Overall, ongoing improvements to the Washington Forest Practices Rules under No 6 
Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 could have no effect to slight 7 
benefits on the recovery of the listed species due to the fact that there is no freshwater 8 
habitat use by currently listed fish species.  No Action Alternative 1-Scenario 2 would 9 
also have no effect on recovery because of a lack of habitat use by listed species in the 10 
region.  Also, a relatively small portion of freshwater fish habitat may be affected by 11 
these actions.  Additionally, non-forestland uses (e.g., conversion of shoreline areas to 12 
housing) are likely to have a larger effect on listed species and other covered species that 13 
may use marine shoreline areas than implementation of the alternatives.  Changes in the 14 
Washington Forest Practices Rules by themselves are unlikely to lead to the recovery of 15 
regional listed species or local representative covered species.     16 

4.8.4.5 Olympic Coast 17 
This Region has the highest proportion of lands designated as forestlands of any region in 18 
the State (95 percent or 1,671,000 acres). The Washington Forest Practices Rules regulate 19 
commercial timber activities for private holdings on a low portion, about 26 percent 20 
(451,000 acres) of lands, which includes 27 percent of all forestlands in the Region.  21 
Washington DNR also manages an additional 18 percent of all lands (18 percent of all 22 
forests) primarily under its State Trust Lands HCP (Washington DNR 1997d).  Federal- 23 
and State-protected forestlands, not managed for timber harvest (mostly National Forest 24 
and National Park at higher elevations), include about 39 percent of all lands (41 percent 25 
of all forests).  Also Federal and tribal forestlands, available for timber harvest, equal 26 
about 13 percent of all lands (14 percent of all forests).  Exempt 20-acre parcels comprise 27 
about 0.3 percent of the forestlands and about 0.7 percent of the forestlands subject to the 28 
Washington Forest Practices Rules in the Olympic Coast Region (Rogers 2003). 29 

The amount and location of streams and forested lands affected by forestry activities has 30 
the potential to influence production and survival of these fish to varying degrees.  The 31 
relative number of stream miles is moderate in this Region (14,959 stream miles), 32 
representing 6 percent of all State stream miles.  This Region also has a moderate portion 33 
of all stream miles (29 percent) protected under the Washington Forest Practices Rules.   34 

The Olympic Coast Region contains Lake Ozette sockeye salmon and Coastal-Puget 35 
Sound bull trout, which are both listed as threatened within this Region.  Other 36 
representative covered species found in this Region include coho salmon, coastal 37 
cutthroat trout, Pacific and river lamprey, Olympic mudminnow, and eulachon.  38 

Of the four H’s, habitat appears to be the primary factor affecting bull trout.  Unlike 39 
regions discussed above, hydroelectric facilities are not considered a major issue in 40 
general, although one or more dams may be important in specific basins.  No hatcheries 41 
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are stocking bull trout in the Region.  This Region has the largest proportion of the total 1 
land area in forest and the smallest proportion of commercial/residential (0.1 percent) and 2 
agricultural areas (0.3 percent of all lands).  Total stream miles in this Region are 3 
substantial; however, a relatively small portion of these streams are protected under the 4 
Washington Forest Practices Rules.   5 

Past timber harvest has been accelerated the rate of shallow rapid landslides, and forest 6 
roads have added substantial sediment to streams (DEIS Appendix A).  Because timber 7 
harvest occurred more recently in this Region relative to other areas of the State, riparian 8 
recovery is in the early conifer and hardwood stages of development.  Consequently, 9 
improvements to the Washington Forest Practices Rules under No Action Alternative 1-10 
Scenario 1 and Alternatives 2, 3, and 4 could have a moderate effect on the recovery of 11 
listed or potentially listed species, particularly bull trout.  No Action Alternative 1-12 
Scenario 2 could reduce chances of recovery of listed or potentially listed fish in this 13 
region because of relatively low protection of fish habitat.  Other protection and recovery 14 
programs in the Region could also have a substantial influence.  15 

The distribution of listed sockeye salmon is restricted, and the NMFS status review 16 
(Waples et al. and Johnson 1991) cited several major non-forestry related factors (e.g., 17 
non-native introductions, ocean conditions, and harvest affecting their status) affecting 18 
the species.  Nevertheless, Nehlsen et al. (1991) also indicated forest practices in the 19 
1940s and 1950s may have contributed to their decline.  Consequently, improvements in 20 
the Washington Forest Practices Rules, for all alternatives except No Action Alternative 21 
1-Scenario 2, could have a positive effect on the recovery of sockeye salmon in this 22 
Region.  23 

The effects on most other covered species would similar to the effects described for the 24 
Puget Sound regions.  However, the Olympic mudminnow would likely experience a 25 
higher relative benefit than was noted for the South Puget Sound Region for all 26 
alternatives except No Action Alternative 1-Scenario 2, due to the fact that they are more 27 
often found in low-elevation, low-gradient streams that are more often subject to forest 28 
management practices, relative to the South Puget Sound Region where lowlands are 29 
often in industrial, agricultural, or urban areas (DEIS Appendix A). 30 

4.8.4.6 Southwest 31 
A very high proportion of this Region is designated as forestlands (89 percent or 32 
2,058,000 acres).  The Washington Forest Practices Rules regulate commercial timber 33 
activities for private holdings on a high proportion of lands, (70 percent or 1,619,000 34 
acres) which includes 79 percent of all forestlands in the Region.  Washington DNR also 35 
manages an additional 13 percent of all lands (14 percent of all forests) primarily under 36 
its State Trust Lands HCP (Washington DNR 1997d). Federal- and State-protected 37 
forestlands, not managed for timber harvest, include about 6 percent of all lands (7 38 
percent of all forests).  Also, Federal and tribal forestlands available for timber harvest 39 
equal less than 1 percent of all lands (less than 1 percent of all forests).  Exempt 20-acre 40 
parcels comprise about 0.8 percent of the forestlands and about 0.8 percent of the 41 
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forestlands subject to the Washington Forest Practices Rules in the Southwest Region 1 
(Rogers 2003). 2 

The amount and location of streams and forested lands affected by forestry activities has 3 
the potential to influence production and survival of these fish to varying degrees.  The 4 
Region contains a large number of stream miles (28,607 stream miles), which comprises 5 
11 percent of all stream miles in the State.  This Region also has the highest portion of all 6 
stream miles (74 percent) protected under the Washington Forest Practices Rules. 7 

Bull trout is the only federally listed species in the Region, but coho salmon is a Federal 8 
species of concern.  Additional representative covered species present in the Region are 9 
similar to North Puget Sound including coastal cutthroat trout, green sturgeon, Pacific 10 
and river lamprey, Olympic mudminnow, and eulachon.  11 

Similar to the Olympic Coast Region, habitat degradation appears to be the leading factor 12 
influencing listing of species in the Region (DEIS Appendix A).  A few hydroelectric 13 
projects are present in the Region, but they are not a major fisheries issue (DEIS 14 
Appendix A), and no hatcheries stock bull trout.  But unlike the Olympic Coast, this 15 
Region has substantial agricultural areas (6.2 percent), and residential/commercial areas 16 
are increasing (1.3 percent of the land).  The agricultural and residential/commercial land 17 
base is associated primarily with the towns of Aberdeen and Hoquiam, and located at the 18 
mouth of the Chehalis River, and at the upper Chehalis River basin.   19 

Delivery of fine sediment to streams is considered a key limiting factor to instream 20 
habitat in the Willapa Hills, and the Region has a high proportion of unstable slopes and 21 
landforms (DEIS Appendix A).  Urbanization and agricultural practices, especially in the 22 
Chehalis River valley, have also had adverse habitat and water quality effects (DEIS 23 
Appendix A).  Two large estuaries, Grays Harbor and Willapa Bay, are present in this 24 
Region.  While Grays Harbor has had substantial development (about 30 percent of the 25 
intertidal area has been lost), Willapa Bay is the least developed large estuary in the State 26 
(DEIS Appendix A).  27 

Consequently, the relatively high portion of forested land in the Region protected under 28 
the Washington Forest Practices Rules suggests that improvements to the rules under No 29 
Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 are likely to have a large 30 
effect on the recovery of listed or potentially listed species.  Other land uses are likely to 31 
have only a moderate effect on species recovery.  No Action Alternative 1-Scenario 2 32 
could reduce chances of recovery because of relatively low protection of fish habitat.  33 
Effects of the alternatives on the other representative covered species would be as 34 
discussed for the Puget Sound Regions and the Olympic Coast Region for Olympic 35 
mudminnow. 36 

4.8.4.7 Lower Columbia River 37 
A very high proportion of this Region is designated as forestlands (85 percent or 38 
2,616,000 acres).  The Washington Forest Practices Rules regulate commercial timber 39 
activities for private holdings on a moderate portion of lands (about 43 percent or 40 
1,619,000 1,320,000 acres), which includes 51 50 percent of all forestlands in the Region.  41 
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Washington DNR also manages an additional 10 percent of all lands (12 percent of all 1 
forests) primarily under its State Trust Lands HCP (Washington DNR 1997d).  Federal- 2 
and State-protected forestlands, not managed for timber harvest, include about 23 percent 3 
of all lands (28 27 percent of all forests).  Also, Federal and tribal forestlands available 4 
for timber harvest equal about 9 percent of all lands (10 percent of all forests).  But unlike 5 
the Southwest Region, where the Washington Forest Practices Rules affect most of the 6 
area, only about half of the area in the Lower Columbia Region is regulated under the 7 
rules.  Forestland comprises a very high proportion of this Region relative to other 8 
regions in western Washington.  The proportion of area in residential/commercial (2.1 9 
percent) and agricultural (6 percent) land uses is moderate.  Exempt 20-acre parcels 10 
comprise about 1.4 percent of the forestlands and about 2.3 percent of the forestlands 11 
subject to the Washington Forest Practices Rules in the Lower Columbia Region (Rogers 12 
2003).   13 

The amount and location of streams and forested lands affected by forestry activities has 14 
the potential to influence production and survival of fish and other aquatic resources to 15 
varying degrees.  The relative number of stream miles is high in this Region (29,645 16 
stream miles), accounting for 11 percent of all State stream miles.  This Region also has a 17 
very high proportion of all stream miles (51 percent) protected under the Washington 18 
Forest Practices Rules.   19 

The Lower Columbia River Region includes four federally listed fish populations (i.e., 20 
Evolutionarily Significant Units [ESU] or Distinct Population Segments [DPS]).  21 
Additional listed populations migrate through the Region to the Willamette, upper 22 
Columbia, and Snake Rivers in other regions (Table 3-20).  Federally listed chinook 23 
salmon, chum salmon, and steelhead are present downstream of Mossyrock Dam and 24 
Merwin Dam on the Cowlitz and Lewis Rivers, respectively, plus other tributaries and 25 
the mainstem Columbia River.  Bull trout are listed as threatened throughout the Region 26 
where they are present while Coho salmon is a Federal candidate species.  The list of 27 
other representative covered species differs slightly from that of Puget Sound and Coastal 28 
Regions and includes coastal cutthroat trout, green sturgeon, Pacific and river lamprey, 29 
leopard dace, eulachon, mountain sucker, and sandroller.   30 

Each of the four H’s has been cited as affecting one or more of the listed species and 31 
likely to affect other representative covered species.  Hydropower development has had 32 
the largest impact on the Lower Columbia Region including total blockage of hundreds 33 
of stream miles (e.g., Cowlitz and Lewis Rivers) (DEIS Appendix A).  The eruption of 34 
Mt. St. Helens in 1980 contributed substantial sediment to the Toutle, Cowlitz, and 35 
Columbia Rivers (DEIS Appendix A).  Sediment input is considered to be a primary 36 
limiting factor in the Cascade foothills (DEIS Appendix A).   37 

Urbanization and agricultural development have impacted most of the larger valleys, 38 
especially the Cowlitz River watershed.  LWD is considered in low supply in much of 39 
this basin due primarily to past land use practices (DEIS Appendix A).  Habitat in the 40 
Columbia River estuary has been greatly modified through diking, channelizing, 41 
dredging, and losses of nutrient and sediment sources trapped by upstream dams (DEIS 42 
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Appendix A).  These activities have extended up the Columbia River mainstem.  1 
However because much of the Region is regulated under the Washington Forest Practices 2 
Rules, improvements in those rules under No Action Alternative 1-Scenario 1 and 3 
Alternatives 2, 3, and 4 could have a slight to moderate effect on the recovery of listed or 4 
potentially listed species.  No Action Alternative 1-Scenario 2 could reduce chances of 5 
recovery in this Region because of relatively low protection of fish habitat. 6 

Protection for the other seven representative covered species (those with lesser Federal or 7 
State status) would be affected in a similar manner by the alternatives as the listed stocks.  8 
These other species would be affected in a way similar to those discussed for the Puget 9 
Sound regions for the same species.  Even though green sturgeon are more common in 10 
the lower Columbia River than in Puget Sound regions, the Washington Forest Practices 11 
Rules are likely to have little influence on this species since many other factors (e.g., 12 
hydropower, water storage, dredging, diking, water quality, shoreline development, 13 
harvest) have a greater influence on habitat conditions in the lower Columbia River.   14 

The mountain sucker is sensitive to high temperatures and sediment in spawning habitat, 15 
and possibly absence of preferred food.  They also mostly utilize lower velocity areas of 16 
larger streams (e.g., Cowlitz and Toutle Rivers) and ponds (subsection 3.8.3.10, 17 
Mountain Sucker and Salish Sucker).  These larger streams are less directly affected by 18 
forest practices, but would benefit from improved habitat conditions that would be 19 
provided by all but No Action Alternative 1-Scenario 2.  No Action Alternative 1-20 
Scenario 1 and Alternatives 2, 3, and 4 would have positive effects on maintaining these 21 
populations because of potential improved habitat conditions (e.g., temperature, 22 
sediment) in streams on forestlands. 23 

Leopard dace distribution is spotty but the species is likely to occur in pools and medium 24 
velocity waters of streams and rivers (Wydoski and Whitney 2003).  The formation of 25 
reservoirs, water level fluctuations (likely hydro-induced), and increased sedimentation 26 
are more likely limiting conditions.  Improved protection from sediment delivery under 27 
No Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 would likely provide 28 
greater benefits than No Action Alternative 1-Scenario 2 because of potential improved 29 
steam habitat conditions (e.g., LWD aiding pool formation) on forested lands. 30 

The sandroller is often secretive and is found in quiet backwaters with cover, such as 31 
rootwads, undercut banks, and deep pools in the Columbia River (Wydoski and Whitney 32 
2003).  Increased LWD, primarily in tributary streams, would enhance survival of this 33 
species.  34 

4.8.4.8 Middle Columbia River 35 
A moderate proportion of this Region is designated as forestlands (4741 percent or 36 
2,691,000 acres).  The Washington Forest Practices Rules regulate commercial timber 37 
activities for private and State lands on a low proportion of lands (15 percent or 944,000 38 
acres), which includes 35 percent of all forestlands in the Region.  Federal- and State- 39 
protected forestlands, not managed for timber harvest, include about 14 percent of all 40 
lands (33 percent of all forests).  Also, Federal and tribal forestlands available for timber 41 
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harvest equal about 13 percent of all lands (32 percent of all forests).  Exempt 20-acre 1 
parcels comprise less than 0.1 percent of the forestlands and about 0.2 percent of the 2 
forestlands subject to the Washington Forest Practices Rules in the Middle Columbia 3 
Region (Rogers 2003). 4 

The amount and location of streams and land affected by forestry activities has the 5 
potential to influence production and survival of fish and other aquatic resources to 6 
varying degrees.  The relative number of stream miles is high in this Region (32,878 7 
stream miles), having 12 percent of all State stream miles.  However, this Region has a 8 
low proportion of all stream miles (20 percent) protected under the Washington Forest 9 
Practices Rules.   10 

Six federally listed fish populations spawn and rear within this Region, and other 11 
populations (e.g., sockeye) migrate through to Snake and Columbia River tributaries.  12 
Chinook and chum salmon are listed in the westernmost potions of this Region as part of 13 
the lower Columbia River ESU, and steelhead are listed as threatened throughout the 14 
Region except for the White Salmon River.  Bull trout are listed as threatened throughout 15 
the Region.  Other representative covered species present in the Region include westslope 16 
cutthroat, interior redband trout, Pacific and river lamprey, pygmy whitefish, Umatilla 17 
and Leopard dace, mountain sucker, and sandroller.   18 

Each of the four H’s has been cited as contributing to the listing of one or more of the 19 
species.  Residential areas comprise a relatively small proportion of all lands in the 20 
Region (about 1.2 percent).  Agriculture is an important land use within the Region 21 
accounting for 18 percent of all lands, particularly within the Yakima Valley, and 22 
irrigation diversions have been cited as a major fish concern in the Region relating to fish 23 
barriers, water quality, instream flow, and fish predation (DEIS Appendix A).  Several 24 
major hydroelectric dams are also present in the Region (e.g., Bonneville, The Dalles, 25 
John Day) and as well as irrigation dams (e.g., Cle Elum, Kachees, Keechelus, Rosa) and 26 
have contributed to habitat loss, reduced survival, and blockage of fish passage.  Grazing 27 
and, to a lesser degree, urban development impact fish resources and their habitat based 28 
on relative amount of the Region affected (DEIS Appendix A).   29 

Extensive road networks in some basins have accelerated sediment inputs (DEIS 30 
Appendix A).  High temperatures in many areas (e.g., Yakima mainstem and Naches, 31 
Teanaway Rivers) have contributed to limited spawning and rearing in the system (DEIS 32 
Appendix A).  Consequently, improvements to the Washington Forest Practices Rules 33 
under No Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 could have a 34 
moderate effect on the recovery of listed or potentially listed species.  No Action 35 
Alternative 1-Scenario 2 could reduce chances of recovery or decrease the rate of 36 
recovery in this Region because of relatively low protection of fish habitat. 37 

Improvements in the Washington Forest Practices Rules would likely be a major factor in 38 
the recovery of bull trout in the Region because they are predominantly found in forested 39 
areas and are influenced less by marine factors, commercial harvest, and urbanization 40 
(Fed. Reg. Vol. 63, No.111, June 10, 1998: 31647-31674).  Improvements in the 41 
Washington Forest Practices Rules would be important for the recovery of chinook 42 
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salmon and steelhead; however, successful recovery will also likely require 1 
improvements in other land use practices.  Other covered species would also benefit in a 2 
similar manner.  Effects would be similar to those noted for the Lower Columbia Region 3 
for the same species.   4 

The benefits to westslope cutthroat, redband trout, and pygmy whitefish would be similar 5 
to those for bull trout because of their more typical reliance on higher elevation forested 6 
streams (primarily coldwater lakes for pygmy whitefish) and limited use of larger 7 
mainstem rivers that are more heavily affected by non-forestry activities.   8 

The Umatilla dace may benefit from the noted alternatives, but little difference would 9 
likely exist among them.  One of the main limiting factors for Umatilla dace appears to 10 
be adequate flow needed for maintenance of interstitial habitat in large substrate in the 11 
lower reaches of larger rivers (Wydoski and Whitney 2003).  This condition would more 12 
often be affected by irrigation and hydroelectric practices than forest practices in this 13 
Region (DEIS Appendix A)  14 

4.8.4.9 Snake River 15 
A very low proportion of this Region is designated as forestlands (8 percent or 376,000 16 
acres).  The Washington Forest Practices Rules regulate commercial timber activities for 17 
private, Washington DNR, and other State holdings, on a very low portion, about 3 18 
percent (132,000 acres) of all lands, which includes 35 percent of all forestlands in the 19 
Region.  Federal- and State-protected forestlands, not managed for timber harvest, 20 
include about 2 percent of all lands (25 percent of all forests).  Also, Federal and tribal 21 
forestlands available for timber harvest equal about 3 percent of all lands (40 percent of 22 
all forests).  Exempt 20-acre parcels comprise less than 0.5 percent of both the total 23 
forestlands and the forestlands subject to the Washington Forest Practices Rules in the 24 
Snake River (Rogers 2003).   25 

The amount and location of streams and forested lands affected by forestry activities has 26 
the potential to influence production and survival of fish to varying degrees.  The relative 27 
amount of stream miles in the Snake River Region is moderate (19,488 stream miles), 28 
which includes 7 percent of all State stream miles.  This Region also has a very low 29 
proportion of total stream miles (5 percent) protected under the Washington Forest 30 
Practices Rules.   31 

Chinook salmon, sockeye salmon, steelhead, and bull trout are present in the Region.  32 
However, sockeye salmon do not spawn or rear in the Region but use the mainstem 33 
Snake River as a migration corridor.  Chinook, steelhead, and bull trout are listed as 34 
threatened within the Region.  Other representative covered species present in the Region 35 
include westslope cutthroat, interior redband trout, Pacific and river lamprey, margined 36 
sculpin, and sandroller.   37 

Each of the four H’s has been cited as contributing to the listing of one or more of the 38 
species.  However, the Region is relatively arid with agricultural land uses (52 percent) 39 
and shrublands (29 percent) accounting for most of the land.  Forestlands comprise only 8 40 
percent of the Region, and only a moderate amount of that area is regulated under the 41 
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Washington Forest Practices Rules.  Irrigation diversions have had a large effect on 1 
habitat in many of the river basins (e.g., Walla Walla River Basin), causing reduced flows 2 
and higher water temperatures in many reaches, as well as historically delaying or 3 
preventing migration of juveniles.  High sedimentation is a problem from both agriculture 4 
and grazing, but past logging and road development have also contributed substantial 5 
sediment inputs in some drainages (e.g., Asotin Creek) (DEIS Appendix A).   6 

Large areas of riparian forest have been converted to agriculture, and streams have been 7 
channelized and diked.  The headwater areas (mostly forested) are the only remnants of 8 
undisturbed habitat within much of this Region.  A substantial portion of the fish habitat 9 
upstream in Idaho is unavailable to listed anadromous species because of impassable 10 
dams on the Snake River (e.g., Dworshak, Hells Canyon Complex).  Four other major 11 
hydroelectric dams (Ice Harbor, Lower Monumental, Little Goose, and Lower Granite) 12 
are present along the lower Snake River and are considered by many to be a major 13 
influence on the status of chinook salmon, sockeye, and steelhead in the Region (NMFS 14 
2000; NMFS 1998; NMFS 1996b; Schaller et al. 1999). 15 

Consequently, riparian buffers under No Action Alternative 1-Scenario 1 and 16 
Alternatives 2, 3, and 4 would represent a minor contribution towards the overall 17 
recovery of listed species in the Region.  However, within those areas that do have forest 18 
practices, riparian buffers should provide benefits to species that utilize those areas from 19 
improved stream habitat conditions (e.g., increased stream complexity from increased 20 
LWD), which would include bull trout in the Asotin and Tucannon basins.  No Action 21 
Alternative 1-Scenario 2 could reduce chances of recovery within the limited forested 22 
areas covered in this region because of relatively low protection of fish habitat. 23 

The other covered species would also benefit in a similar manner.  Effects would be 24 
similar to those noted for the Lower Columbia Region for the same species occurring 25 
there.  Known margined sculpin distribution in Washington is limited to tributaries of the 26 
Walla Walla and Tucannon Rivers.  The species uses moderate-sized streams in pools 27 
and glides, and is often associated with salmon, rainbow, and bull trout.  Because of 28 
improved habitat conditions (e.g., increased LWD to help maintain pools) in the future, it 29 
is likely that benefits would be similar to those for the bull trout as a result of the 30 
alternatives.  31 

4.8.4.10 Columbia Basin 32 
The Columbia Basin Region has the lowest proportion of lands designated as forestlands 33 
of any region in the State (less than 1 percent or 13,000 acres).  The Washington Forest 34 
Practices Rules regulate commercial timber activities for private and State land, on a very 35 
small portion of all lands (less than 1 percent or 13,000 acres), but essentially all of the 36 
forestlands in the Region.  Federal- and State-protected forestlands, not managed for 37 
timber harvest, include less than 1 percent of all lands (less than 1 percent of all forests).  38 
Also, Federal and tribal forestlands available for timber harvest equal less than 1 percent 39 
of all lands in the Region (less than 1 percent of all forests).  No exempt 20-acre parcels 40 
were identified in the Columbia basin (Rogers 2003). 41 
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The amount and location of streams and forested lands affected by forestry activities has 1 
the potential to influence production and survival of fish and other aquatic resources.  2 
The relative number of stream miles is moderate in this Region (14,157 stream miles), 3 
and encompasses 5 percent of all State stream miles.  But the Region also has the lowest 4 
proportion of all stream miles protected under the Washington Forest Practices Rules 5 
(less than 1 percent).   6 

While the Washington Forest Practices Rules influence essentially all forestlands within 7 
this Region, the lack of nearly all representative covered species, the general arid nature 8 
of this Region, and the presence of forested streams in only scattered areas of the Crab 9 
Creek-Wilson Creek basins suggest that implementation of any alternative would have 10 
minimal to no effect on covered fish species.   11 

4.8.4.11 Upper Columbia River downstream of Grand Coulee Dam 12 
A moderate proportion of this Region is designated as forestlands (43 percent or 13 
2,774,000 acres).  The Washington Forest Practices Rules regulate commercial timber 14 
activities for private and State land on a very low proportion of lands (7 percent or 15 
472,000 acres), which includes 17 percent of all forestlands in the Region.  Federal- and 16 
State-protected forestlands not managed for timber harvest include about 20 percent of all 17 
lands (46 percent of all forests).  Also, Federal and tribal forestlands available for timber 18 
harvest equal about 16 percent of all lands (37 percent of all forests).  Exempt 20-acre 19 
parcels about 0.3 percent of the forestlands and about 1.5 percent of the forestlands 20 
subject to the Washington Forest Practices Rules in the Upper Columbia-Downstream 21 
Region (Rogers 2003).    22 

The amount and location of stream miles and lands affected by forestry activities has the 23 
potential to influence production and survival of fish and other aquatic resources.  The 24 
relative amount of stream miles in this Region is the highest in the State (38,869 stream 25 
miles), comprising 15 percent of all State stream miles.  However, the Region has a low 26 
portion of all stream miles protected under the Washington Forest Practices Rules (11 27 
percent).   28 

Four anadromous salmonid populations are found in this Region including three that are 29 
federally listed: chinook salmon (endangered), sockeye salmon, and steelhead and bull 30 
trout, both of which are federally endangered.  The same nine representative covered 31 
species found in the Middle Columbia Region are also present here.   32 

Each of the four H’s has been cited as contributing to the listing of one or more of the 33 
species.  This Region has a high portion of agricultural land use (about 9 percent) plus 34 
substantial grasslands (17 percent), much of which is suitable for grazing.  However, the 35 
primary limiting factor for most anadromous species in the Region is the hydroelectric 36 
dams on the mainstem Columbia River (i.e., Rocky Reach, Wanapum, Priest Rapids, 37 
Rock Island, Wells, Chief Joseph, and four others mainstem Columbia River dams 38 
downstream of this Region), which have reduced mainstem habitat and impeded passage 39 
(DEIS Appendix A).   40 
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In upstream reaches, limiting factors have included harsh winters, high temperatures, and 1 
reduced flow.  Land conversion to agriculture within riparian areas in the lower part of 2 
the basin, as well as road construction, has contributed to habitat degradation (DEIS 3 
Appendix A).  Water diversion for irrigation also reduces instream habitat in this Region.  4 
In several of the drainages sedimentation and elevated temperatures from grazing, 5 
agriculture, and forestry limit fish production (DEIS Appendix A). 6 

Consequently, the improvements to the Washington Forest Practices Rules under No 7 
Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4 could have a low to 8 
moderate effect on the recovery of listed species because of the limited degree to which 9 
they can be influenced.  However, the effect of improved the Washington Forest 10 
Practices Rules on listed species could be moderate within watersheds with substantial 11 
private and State forestlands because of future improved stream habitat conditions 12 
relative to existing conditions.  Changes in the Washington Forest Practices Rules for the 13 
listed species would likely have the largest effect on bull trout because they are 14 
predominately found in forested areas and are not affected by marine factors and 15 
urbanization in this Region (U.S. Federal Register, Vol. 63, No. 111, June 10, 1998, 16 
pages 31647-31674).  No Action Alternative 1-Scenario 2 could reduce chances of 17 
recovery or slow the rate of recovery in this Region because of relatively low protection 18 
of fish habitat. 19 

The other covered species would also benefit in a similar manner as bull trout under these 20 
same alternatives.  Effects would be similar to those noted for the same species occurring 21 
in the Middle Columbia Region because of similar habitat benefits associated with the 22 
alternatives.  23 

4.8.4.12 Upper Columbia River Upstream of Grand Coulee Dam 24 
Because all upstream passage of anadromous fish is blocked at Grand Coulee dam, the 25 
only federally listed species present in this Region is bull trout, which is listed as 26 
threatened.  In addition, six of the nine other representative covered species found in the 27 
Middle Columbia Region (no lamprey species or leopard dace), as well as the lake chub 28 
are present here.   29 

The amount and location of streams and forested lands affected by forestry activities has 30 
the potential to influence production and survival of fish and other aquatic resources to 31 
varying degrees.  The relative amount of stream miles in this Region (33,913 stream 32 
miles) is second only to Upper Columbia Downstream of Grand Coulee Dam Region, and 33 
encompasses 13 percent of all stream miles in the State.  This Region also has a moderate 34 
proportion of all stream miles (31 percent) protected under the Washington Forest 35 
Practices Rules.  Exempt 20-acre parcels comprise less than 0.5 percent of the forestlands 36 
and close to 0.5 percent of the forestlands subject to the Washington Forest Practices 37 
Rules in the Upper Columbia-Upstream Region (Rogers 2003). 38 

A high proportion of this Region is designated as forestlands (71 percent or 4,084,000 39 
acres).  The Washington Forest Practices Rules regulate commercial timber activities for 40 
private and State land on a moderate proportion of lands (31 percent or 1,804,000 acres), 41 
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which includes 44 percent of all forestlands in the Region.  Federal- and State-protected 1 
forestlands not managed for timber harvest include about 2 percent of all lands (3 percent 2 
of all forests).  Also, Federal and tribal forestlands available for timber harvest equal 3 
about 38 percent of all lands (53 percent of all forests).  4 

Hydroelectric and irrigation dams that have fragmented bull trout distribution and 5 
contributed to habitat degradation have been cited as major factors leading to the species’ 6 
listing in this Region (Washington Conservation Commission 2003).  This Region has a 7 
high proportion of agricultural lands (12 percent), but much lower grassland (7 percent) 8 
than the Upper Columbia Downstream of Grand Coulee Dam Region.  Dams such as 9 
Albeni Falls and Box Canyon as well as U.S.-Canada boundary dams have contributed to 10 
fragmentation.  11 

Forest practices have not been noted as major sources of mass wasting in this Region, 12 
although high road densities in some basins have contributed to increases in sediment 13 
delivery (DEIS Appendix A).  Increased water temperatures in many areas, both from 14 
human-induced and natural conditions, limits bull trout distribution (Washington 15 
Conservation Commission 2003) (DEIS Appendix A).  Past timber practices have 16 
reduced LWD levels and increased sediment in some watersheds.  Agriculture and 17 
grazing have also degraded habitat (DEIS Appendix A). 18 

Therefore, considering the relatively high proportions of bull trout habitat that can be 19 
affected by the Washington Forest Practices Rules, No Action Alternative 1-Scenario 1, 20 
and Alternatives 2, 3, and 4 could have a moderate effect on the recovery of bull trout in 21 
the Region.  No Action Alternative 1-Scenario 2 could reduce chances of recovery or at 22 
least slow the rate of recovery in this Region because of relatively low protection of fish 23 
habitat. 24 

The other covered species would also benefit in a similar manner as bull trout under these 25 
same alternatives.  Effects would be similar to those noted for the same species inhabiting 26 
the Middle Columbia Region.  Lake chub are only found in Cedar Lake in this Region 27 
(subsection 3.8.5.7, Middle Columbia River).  Their preferred habitat includes clear, cool 28 
water and clean cobble and gravel (subsection 3.8.3.8, Lake Chub).  These habitat types 29 
may be influenced by the Washington Forest Practices Rules but their common use of 30 
lakes, which would probably be little affected by rules, and their limited distribution, 31 
indicates benefits under any of the alternatives would be slight for this species. 32 



 
 
 
 
 
 

Fish and Fish Habitat Final EIS 
 

4-228

 Chapter 4 
This page is intentionally left blank. 1 



 
 
 
 
 
 

Final EIS Amphibians and 

 Amphibian Habitats 

4-229

Chapter 4 

4.9 AMPHIBIANS AND AMPHIBIAN HABITATS 1 

4.9.1 Evaluation Criteria 2 
This subsection describes the two evaluation criteria that were chosen to evaluate how the 3 
proposed alternatives would impact amphibians and amphibian habitats.  They are: 1) the 4 
degree of protection afforded to microhabitat variables that are important to the seven 5 
target species (i.e., humidity, air temperature, sedimentation, and downed wood); and 2) 6 
the degree of protection afforded to unique habitat types that are important to the seven 7 
target amphibian species (i.e., seeps, springs, and headwaters).  These evaluation criteria 8 
are described in more detail below.   9 

4.9.1.1 Microhabitat Variables Important to the Target Amphibian Species 10 
Several riparian parameters influence amphibian habitat suitability.  They include the 11 
character of the microclimate, the level of downed woody debris, and the degree of 12 
sedimentation.   13 

Some important microclimatic parameters of riparian areas include solar radiation, soil 14 
temperature, soil moisture, air temperature, wind velocity, and air moisture or humidity 15 
(Dong et al. 1998; Chen 1991; Ledwith 1996).  These microclimatic parameters are 16 
generally different in riparian versus upland areas.  Riparian areas are usually lower in 17 
the landscape, nearer to water, and tend to be more complex in vegetation structure.  18 
These characteristics contribute to a cooler, moister microenvironment for amphibians.  19 
Timber harvest activities can alter the microclimatic gradient between upland and 20 
riparian areas (subsection 3.7.1.5, Microclimate) (Dong et al. 1998; Chen 1991; Blaustein 21 
et al. 1995; Bury and Corn 1988; Hallock and McAllister 2002).  For instance, timber 22 
harvest can expose riparian areas to increased solar radiation, thus potentially increasing 23 
the ambient air and water temperatures in that area and reducing the relative humidity and 24 
soil moisture.  Brosofske et al. (1997) found that no-harvest riparian buffers between 148 25 
feet and 984 feet in width were needed to maintain unaltered microclimatic gradients near 26 
streams.  Based on this study and other studies referenced above, many standard buffer 27 
widths now in use may not fully protect riparian microclimate.   28 

Timber management activities can also change the quantity and size of sediment that is 29 
delivered to a stream.  This can lead to stream channel instability, pool filling by coarse 30 
sediment, or introduction of fine sediment to spawning gravels.  Increased sedimentation 31 
in headwater streams is thought to negatively impact some amphibian species by filling 32 
interstitial spaces in the stream substrate that are important for movement and larval 33 
development (Corn and Bury 1989; Diller and Wallace 1996).  Riparian buffers in 34 
Washington have been shown to be effective in filtering overland sediment, with buffers 35 
of at least 30 feet identified as effective in some cases (Rashin et al. 1999).   36 

Downed wood (coarse woody debris) is an important microhabitat feature for 37 
amphibians.  Bury et al. (1991a) found that terrestrial salamander abundance was 38 
associated with the presence of coarse woody debris.  Ensatina and western redback 39 
salamander abundance was positively correlated with coarse woody debris levels in 40 
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western Washington forests (Aubry et al. 1988; Aubry and Hall 1991).  Coarse woody 1 
debris provides moist sites where amphibians can avoid predators, forage on the soil 2 
surface while still maintaining body moisture, and breed.  Nordstrom and Milner (1997) 3 
recommended that a minimum of five uncharred hard logs at least 12 inches in diameter 4 
and 23 feet long per acre, as well as all soft logs the same size, should be retained to 5 
provide suitable coarse woody debris for Dunn’s and Van Dyke’s salamanders.  LWD in 6 
streams also provides cover for amphibians, as well as erosion control and substrate for 7 
egg deposition.  Downed logs and woody debris may serve as important refuge and 8 
foraging habitat for the Dunn’s salamander (Corkran and Thoms 1996; Leonard et al. 9 
1993) and the Van Dyke’s salamander (Nordstrom and Milner 1997; Petranka 1998) 10 
(subsection 3.7.1.2, LWD Recruitment).  11 

All of these components are evaluated according to how well the alternatives prevent 12 
changes in watershed processes that would be detrimental to amphibians and their 13 
habitat.  As described in subsection 4.7.2 (Evaluation Criteria, Microclimate), the results 14 
of Brosofske et al. (1997), Dong et al. (1998), and Chen (1991) indicate that a minimum 15 
of 147 feet is considered necessary to maintain most microclimatic gradients, buffer 16 
widths greater than 230 feet to maintain air temperature are required, and buffers of up to 17 
787 feet are required to maintain humidity.  Ledwith (1996) demonstrated that buffer 18 
widths of at least 100 feet between clearcuts and streams in northern California 19 
significantly reduce air temperature and increase relative humidity.  Other studies have 20 
reported that 100-foot wide buffers between clearcuts and streams are sufficient to retain 21 
adequate shade on streams to maintain suitable stream temperatures (Brown and Krygier 22 
1970; Brazier and Brown 1973; Steinblums et al. 1984), which would likely benefit 23 
amphibians.  Retaining riparian buffers of at least 100 feet can also maintain most woody 24 
debris recruitment (Bottom et al. 1983; Harmon et al. 1986; Van Sickle and Gregory 25 
1990).   26 

Because of the variability in recommended buffer widths, the equivalent buffer area 27 
index values derived for sediment filtration (subsection 4.4.1.1, Surface Erosion 28 
Evaluation Criteria) and LWD recruitment (subsection 4.7.2, Evaluation Criteria, LWD 29 
Recruitment) are used as indicators of the relative value of the alternatives for protecting 30 
amphibian habitats.  Target widths for sediment filtration and microclimatic parameters 31 
are chosen from FEMAT (1993), Brosofske et al. (19931997), and Chen (1991) (See 32 
discussion above).  Target guidelines for downed wood are difficult to determine.  33 
Amphibian species such as western red-backed salamander and ensatina appear more 34 
closely associated with downed woody debris than the target amphibian species.  35 
Nonetheless, at least one study recommends coarse woody debris retention in the range of 36 
100 to 300 cubic meters per hectare (1,430 to 4,288 cubic feet per acre) to provide 37 
adequate cover for terrestrial salamanders (Butts and McComb 2000).   38 

4.9.1.2 Unique Habitats Important to the Target Amphibian Species 39 
Many unique habitats in the landscape provide refugia for the target amphibians.  These 40 
include stream junctions, talus slopes, downed woody debris, seeps, and springs.  These 41 
unique habitats were chosen as evaluation criteria because: 1) some of them are 42 
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addressed separately in the proposed alternatives, and 2) some of the target amphibian 1 
species appear more closely associated with these unique habitats (subsection 3.9.2, 2 
Amphibian Distribution, Status, and Habitat, for discussion of target amphibian habitat 3 
requirements).  These components are evaluated according to the degree to which they 4 
would be protected under the proposed alternatives.   5 

In addition to the unique habitats listed above, protection of wetlands was also chosen as 6 
an evaluation criterion.  None of the seven target amphibian species is directly associated 7 
with still water wetland habitats, but wetland buffers and other protection measures can 8 
provide some indirect protection for nearby unique habitats that may support populations 9 
of these species. 10 

4.9.2 Evaluation of Alternatives 11 
The effects of the alternatives on amphibian microhabitats and unique habitats are 12 
analyzed in the following subsections.  In reading this analysis, it should be remembered 13 
from Chapter 2 (Alternatives) that under the No Action alternative no ITPs or ESA 14 
Section 4(d) take authorization would be issued.  This lack of action would likely affect 15 
the Forest Practices Regulatory Program in a way that is difficult to predict.  Therefore, 16 
two scenarios, which represent the endpoints of the reasonable range of possible 17 
outcomes for the Forest Practices Regulatory Program, have been defined (subsection 18 
2.3.1, Alternative 1 (No Action)) to represent the No-Action Alternative.  The effects of 19 
No Action are displayed for both of these endpoints in the following subsections, but the 20 
actual outcome and the actual effects of No Action on amphibian microhabitat and 21 
unique habitats are likely to fall between these two scenarios. 22 

4.9.2.1 Microhabitat Variables and Target Amphibians 23 
Overview of Effects 24 
The first evaluation criterion is the protection afforded to microclimate, sedimentation, 25 
and downed wood.  The following paragraphs address the degree to which each 26 
alternative protects these variables.     27 

No Action Alternative 1-Scenario 2 would provide the lowest level of protection for 28 
microclimatic variables, sedimentation, and downed wood when compared to the other 29 
alternatives.  The likelihood for negative habitat effects is high for Type 1-3 waters and 30 
very high for Type 4 and 5 waters under this alternative for all three habitat components. 31 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide a moderate 32 
level of protection for microclimate variables, sedimentation, and downed wood when 33 
compared to the other alternatives.  The likelihood for negative habitat effects is 34 
moderate for Type S and F waters adjacent to high site classes and high for Type N 35 
waters relative to the maintenance of microclimate.  The likelihood for negative effects is 36 
low for Type S and F waters and moderate for Type N waters relative to sedimentation 37 
and downed wood.  This group of alternatives would provide higher levels of protection 38 
for all three habitat components when compared to No Action Alternative 1-Scenario 2 39 
but lower levels of protection than Alternative 4.   40 
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Alternative 4 would provide a high level of protection for microclimate variables, 1 
sedimentation, and downed wood when compared to the other alternatives.  The 2 
likelihood for negative habitat effects is low for all three habitat components for low-3 
gradient channels and moderate for high-gradient channels.  This alternative would 4 
provide the highest level of protection for all three habitat components when compared to 5 
all other alternatives.  A detailed analysis of the alternatives is presented in the following 6 
subsections. 7 

Detailed Effects Analysis 8 
No Action Alternative 1-Scenario 2 9 
Under No Action Alternative 1-Scenario 2, the main prescription that applies to the 10 
maintenance of the three microhabitat variables mentioned above (microclimate, 11 
sedimentation, and downed wood) is the stream-shade requirement, which provides 12 
enough shade on Type 1, 2, or 3 streams to meet State water temperature standards 13 
(Washington Forest Practices Board 2001b, Section 1).  In general, riparian buffers on 14 
Type 1 and 2 streams would be between 25 and 100 feet wide, buffers on Type 3 streams 15 
would be between 25 and 50 feet wide, and Type 4 and 5 streams generally would have 16 
no buffer requirements (subsection 4.7, Riparian and Wetland Processes).   17 

Based on recommended riparian widths, the RMZs under No Action Alternative 1-18 
Scenario 2 for Type 1-3 waters, which range between 25 and 100 feet, would not 19 
maintain complete microclimatic conditions, downed woody debris recruitment, and 20 
sediment filtration.  Under the January 1, 1999 Washington Forest Practices Rules, RMZs 21 
were not required on Type 4 and 5 streams, except under special circumstances; 22 
therefore, maintenance of the microhabitat variables important to amphibians would not 23 
occur on these headwater streams.  These conclusions are supported by the results of the 24 
equivalent buffer area index analyses (DEIS Appendix B).   25 

No Action Alternative 1-Scenario 2 would produce an equivalent buffer area index for 26 
LWD of between 19 and 30 percent of the level needed for complete protection of LWD 27 
recruitment potential for all streams in western Washington and 46 to 57 percent for all 28 
streams in eastern Washington (subsection 4.7.1, Riparian Processes).  The equivalent 29 
buffer area index for sediment filtration under No Action Alternative 1-Scenario 2 would 30 
range from 65 to 78 percent of the recommended equivalent buffer area index for 31 
complete protection for all streams in western Washington and 67 to 86 percent for 32 
eastern Washington.  These results are explained primarily by the lack of riparian 33 
protection, and thus sediment filtration that would occur along Type 4 and 5 streams.  34 
Rashin et al. (1999) demonstrated that in most cases, the Washington Forest Practices 35 
Rules in effect on January 1, 1999 were ineffective in preventing sediment delivery to 36 
Type 4 and 5 streams.  In a separate study, Sullivan et al. (1990) demonstrated that 37 
January 1, 1999 Washington Forest Practices Rules resulted in substantial increases in air 38 
temperature in riparian areas.   39 

Some of the prescriptions in the January 1, 1999 Washington Forest Practices Rules 40 
partially mitigate the lack of protection for these parameters.  These include: 1) clearcuts 41 
can be no larger than 240 acres, 2) yarding in RMZs must minimize damage to 42 
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vegetation, 3) sidecast along skid trails is limited to above the 50-year floodplain, 4) no 1 
more than 30 percent volume removal every 10 years within 200 feet of a designated 2 
shoreline (usually Type 1 waters), 5) RMZ requirements are greater when the dominant 3 
stream substrate is gravel versus bedrock, and 6) hardwood to conifer ratios must be 4 
maintained.   5 

In addition to the above protections, some protection would likely occur adjacent to 6 
riparian areas where unstable slopes are present; however, the Washington Forest 7 
Practices Rules in effect on January 1, 1999 did not explicitly identify specific landforms 8 
or features that may be susceptible to mass wasting or include minimum qualifications 9 
for persons  assessing mass wasting potential.  Although the presence of unstable slopes 10 
triggered a Class-IV-Special status application, it had to threaten a “public resource” to 11 
actually be protected.   12 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 13 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would be more effective in 14 
maintaining microclimatic conditions than No Action Alternative 1-Scenario 2 due to 15 
more protective RMZs.  These include a minimum no-harvest zone of 50 feet (i.e., the 16 
core zone), and selective harvest zones (with two options) up to a total of 200 feet beyond 17 
the bankfull width or Channel Migration Zone of all Type S and F streams on the 18 
westside (depending on site class), and a minimum no-harvest zone of 30 feet and 19 
selective harvest zones up to a total of 130 feet beyond the bankfull width or Channel 20 
Migration Zone of all Type S and F streams on the eastside.  Furthermore, and perhaps 21 
more importantly for amphibians, No Action Alternative 1-Scenario 1 and Alternatives 2 22 
and 3 provide a variety of protective measures for Type N streams, which are roughly 23 
equivalent to Type 4 and 5 streams under No Action Alternative 1-Scenario 2.  24 
Additional information on the relative differences between the above alternatives can be 25 
found in subsection 2.3 (Alternatives Analyzed in Detail).   26 

The Type N protections differ slightly between western Washington and eastern 27 
Washington.  In western Washington, Type N protections include: 1) a 30-foot 28 
Equipment Limitation Zone on all Type N streams, 2) a 50-foot no-harvest buffer applied 29 
to both sides of all Type Np streams for the first 500 feet upstream of the intersection with 30 
a Type S or F stream, and 3) a 56-foot radius no-harvest patch buffer centered on the 31 
intersection of two or more perennial Type N streams.  In addition to these prescriptions, 32 
landowners must use a variety of protective buffers to protect sensitive sites.  These 33 
include: 1) no harvest within 50 feet of a soil zone perennially saturated from a headwall 34 
or side-slope seep, and 2) no harvest within 50 feet of headwater spring.  Overall, at least 35 
50 percent of the total length of Type Np waters would receive 50-foot no-harvest buffers, 36 
but this percentage is likely substantially higher in areas where there is a high frequency 37 
of unstable slopes or landforms. 38 

In eastern Washington, Type N protections include: 1) a 30-foot Equipment Limitation 39 
Zone on all Type N streams; 2) for partial cuts, the same basal area requirements must be 40 
followed as the basal area requirements for RMZ inner zone harvest on a Type 1 through 41 
3 stream in the same timber type, and side-slope seeps must be protected with a 50-foot 42 
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partial cut buffer that meets the basal area and leave tree requirements of the stand; and 3) 1 
for clearcuts, a 50 foot no-harvest buffer applied to both sides of the stream must be left 2 
at least equal in length to the clearcut buffer length, and the clearcut buffer cannot exceed 3 
30 percent of the length of the stream reach in the harvest unit.  In addition, harvest may 4 
not occur within 50 feet of an outer perimeter of a soil zone perennially saturated from a 5 
headwall seep; an outer perimeter of a soil zone perennially saturated from a side-slope 6 
seep; or the center of a headwater spring, an alluvial fan, or the center point of 7 
intersection of two or more Type Np waters. 8 

As described in subsection 4.7 (Riparian and Wetland Processes), both inner zone harvest 9 
options under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would 10 
provide improved LWD recruitment, particularly for fish-bearing streams.  Under No 11 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3, the equivalent buffer area 12 
index for sediment filtration would be approximately 73 to 91 percent of the maximum 13 
protection for sediment filtration along western Washington streams and approximately 14 
72 to 96 percent along eastern Washington streams.   15 

In contrast to No Action Alternative 1-Scenario 2, total buffer widths for Site Classes I 16 
and II under these alternatives would approach or exceed the minimum buffer widths 17 
recommended for microclimatic parameters, at least on Type S and F streams.  However, 18 
the no-harvest zones would not be wide enough to allow microclimatic conditions to 19 
reach unharvested levels in the inner and outer zones.  Protection of microclimate 20 
parameters along Type Np streams would likely provide additional suitable amphibian 21 
habitat in Type S and F streams.  Corn and Bury (1989) found that amphibian diversity 22 
was greater in logged stands having uncut timber upstream.  However, full maintenance 23 
of suitable microclimatic conditions along Type N streams may not be achieved, since at 24 
most, these streams are currently protected with a 50-foot no-harvest buffer, which is 25 
much smaller than the 147-foot buffer recommended by the literature for complete 26 
protection.   27 

Microclimatic conditions would be maintained through 100-foot wide, no-harvest buffers 28 
that are proposed for Type S and F streams greater than 10 feet wide under Option 2.  29 
Option 2 results in the retention of substantially more trees per acre in the inner zone than 30 
Option 1.  Although the proposed buffers would likely protect instream microclimatic 31 
conditions on Site Class I and II Type S and F streams, microclimatic conditions would 32 
approach upland levels near the outer edge of the buffers.  This means that the buffer 33 
itself would not maintain ideal conditions.  Semlitsch (1998) recommends a buffer zone 34 
of over 500 feet in width as more ecologically realistic to protect important terrestrial 35 
habitat.  Similarly, Dodd and Cade (1998) state that regulatory buffers should consider 36 
the many types of amphibian migratory patterns in upland habitats to preserve habitat 37 
critical to all stages of the amphibians’ life cycle.   38 
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No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 recommend the following 1 
downed wood guidelines associated with salvage logging in RMZs in western 2 
Washington:  3 

Logs with a 
Solid Core 

Less than 1-
foot Diameter 

1- to 2-foot 
Diameter 

Greater than 
2-foot 

Diameter Total 
Number of 
logs/acre 

85 83 26 194 

The above guidelines may be translated to a downed wood retention range of between 4 
approximately 1,744 and 5,818 cubic feet per acre assuming the following: 1) median 5 
diameters for each category above are 0.5, 1.5, and 2.5 feet; and 2) logs are either 6 feet 6 
or 20 feet long.  These amounts cover the entire range recommended for amphibian 7 
habitat in the literature.  Therefore, the minimum amount of downed wood required to be 8 
left outside the core zone of RMZs in western Washington may be adequate for 9 
amphibians if it exists prior to any salvage logging.  This parameter would be expected to 10 
have relatively minor effects on the highly aquatic torrent salamanders, and more 11 
substantial effects on other, more terrestrial, salamanders and frogs.   12 

Overall, compared to No Action Alternative 1-Scenario 2, the implementation of No 13 
Action Alternative 1-Scenario 1 or Alternative 2 or 3 would be expected to maintain 14 
suitable microclimatic, downed wood, and sediment delivery conditions for highly 15 
aquatic amphibians along Type S and F waters bordered by Site Classes I or II.  These 16 
alternatives would substantially improve these same microhabitat conditions along other 17 
Type S and F streams, as well as along Type Np streams.  This improvement would be 18 
due in part to the water typing changes carried forward from the Forests and Fish Report 19 
(FFR) in the current Washington Forest Practices Rules.  These changes included 20 
changing many streams that were classified as Type 4 streams to Type F streams, based 21 
on their gradient.   22 

Microhabitat conditions in lower site class streams (i.e., III through V) and in the 23 
terrestrial habitat of the buffers would not be maintained at optimum levels for the target 24 
amphibian species.  This would require wider buffers on Type Np streams and buffering 25 
greater lengths of these streams than are currently in place under No Action Alternative 26 
1-Scenario 1 and Alternatives 2 and 3.  Although the design of the current Washington 27 
Forest Practices Rules has resulted in substantially better protection for both individual 28 
amphibians and amphibian populations compared to No Action Alternative 1-Scenario 2, 29 
the proposed buffers would not provide the optimum amount of protection. 30 

Although difficult to measure, additional riparian habitat protection occurs in areas of 31 
potentially unstable slopes and landforms.  Current Washington Forest Practices Rules 32 
include reviewing all harvest plans and requiring a qualified person to investigate any 33 
areas with potentially unstable slopes.  The harvest application becomes a Class IV-34 
Special if harvest is planned for unstable slopes.  Mitigation measures must be taken in 35 
areas where there is risk to a public resource or public safety.  Although the current 36 
Washington Forest Practices Rules do not prohibit harvest on unstable slopes, many 37 
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landowners forego harvest in these areas due to SEPA procedural requirements and the 1 
risk of operating on unstable slopes.  As a result, many unstable slopes and landforms are 2 
protected by no-harvest buffers whose width and length are dictated by the extent of the 3 
unstable slope or landform.  Because the spatial extent of unstable slopes and landforms 4 
is highly variable, the width of these buffers (measured from the stream edge) can range 5 
from as little as 15 feet to over 200 feet. 6 

Alternative 4 7 
Alternative 4 proposes similar riparian buffers on all streams on both the eastside and 8 
westside.  The minimum buffer width is based on stream gradient.  Streams with 0 to 20 9 
percent gradient would receive a 200-foot no-harvest RMZ, 20 to 30 percent gradient 10 
would receive a 100-foot no-harvest RMZ, and greater than 30 percent gradient would 11 
receive a 70-foot no-harvest RMZ.  Thinning would be allowed within these buffers, but 12 
only to improve riparian function and only after a landowner complied with required 13 
SEPA procedures.  Additional buffers would be provided for Beaver Habitat Zones and 14 
Channel Disturbance Zones (areas within 30 feet of the lateral extent of an expected 15 
channelized landslide).   16 

According to equivalent buffer area index analyses, Alternative 4 would provide from 94 17 
to 100 percent of the recommended protection for LWD recruitment and sediment 18 
filtration on all streams in both western and eastern Washington.  Alternative 4 would 19 
also protect approximately two times more riparian acreage on affected lands with 20 
riparian buffers compared with No Action Alternative 1-Scenario 1 (i.e., current 21 
Washington Forest Practices Rules) (Table 4.9-1).  Alternative 4 would also provide wide 22 
enough buffers on low-gradient streams to maintain microclimatic conditions suitable for 23 
amphibians, unlike either No Action Alternative 1-Scenario 2, or No Action Alternative 24 
1-Scenario 1.  For example, a 200-foot buffer would be wide enough to provide 25 
temperature and moisture conditions approximately 30 feet beyond that which is assumed 26 
suitable for the target amphibian species.  This aspect of Alternative 4 would be 27 
particularly beneficial for the more terrestrial amphibians, such as the tailed frog and Van 28 
Dyke’s and Dunn’s salamanders.  Furthermore, Alternative 4 would provide additional 29 
buffers for beaver habitat.  Since this buffer can apply on almost any small, low-gradient 30 
stream in the State, many streams could potentially have additional buffers added to them 31 
due to this provision.   32 

Additional habitat protection relating to the protection of unstable slopes and landforms, 33 
beyond those described above, would occur under Alternative 4.  For example, 34 
Alternative 4 would prohibit harvest on unstable landforms described under the current 35 
Washington Forest Practices Rules, require an additional 50-foot buffer around the 36 
perimeter of those landforms, and prohibit operations on planar slopes greater than 80 37 
percent.  These requirements would supplement existing riparian protections, especially 38 
for small streams.   39 
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Table 4.9-1. Estimate of Future Protection in Total Number of RMZ Acres 1 

Under All Alternatives for Western and Eastern Washington.1/ 2 
Proposed Alternatives 

No Action Alternative 1-
Scenario 2 

No Action Alternative 1-
Scenario 1, Alternative 2, 

and Alternative 3 Alternative 4 

 
Total RMZ 

Acres 

Percent of 
Covered 

Lands (%)
Total RMZ 

Acres 

Percent of 
Covered 

Lands (%) 
Total RMZ 

Acres 

Percent of 
Covered 

Lands (%)
Westside2/ 630,916 10.0 1,321,992 21.0 2,695,361 42.9
Change Relative 
to No Action 
Alternative 1-
Scenario 2 

 
-- 

 
-- 691,076

 
109.5 2,064,445 327.2 

Eastside3/ 196,312 5.8 373,958 11.1 870,622 25.9
Change Relative 
to No Action 
Alternative 1-
Scenario 2 

 
-- 

 
-- 177,646

 
90.5 674,310 343.5 

1/ Westside forestlands included all private, city, and county forestlands, but do not include State 
forested lands because they are covered under the State Trust Lands HCP (Washington DNR 
1997d).  State forestlands on the eastside are included in the estimated RMZ acres. 

2/ Total land area of private/city/county forestland on westside forestland = 6,289,303 acres, with total 
land area of State forestland equal to 1,715,912 acres.   

3/  Eastside land area includes State-owned forested lands along with private/city/county forestlands 
and totals 2,619,736 acres, with State forestlands totaling 745,035 acres. 

Based on the expanded primary and additional buffers, Alternative 4 would be expected 3 
to provide the greatest benefits to amphibians through protection of sediment delivery, 4 
downed wood, and microclimate.  However, some variables, such as air temperature and 5 
humidity, would not likely be completely protected under the rules proposed for 6 
Alternative 4.   7 

4.9.2.2 Unique Habitats and Target Amphibians 8 
Studies have identified several unique habitat features that are important in maintaining 9 
healthy amphibian populations.  These include stream junctions (i.e., confluences), Type 10 
N streams (e.g., non-fish-bearing channels), talus, and other refugia (subsection 3.9.2, 11 
Amphibian Distribution, Status, and Habitat, for additional habitat requirements).  This 12 
subsection analyzes the degree to which each alternative protects these features.  Some of 13 
the features (e.g., Type N streams) are often associated with wetlands or they represent 14 
wetland habitat (e.g., seeps, springs).  Measures designed to protect wetland habitats may 15 
provide indirect protection to unique habitats that support target amphibians.  Therefore, 16 
this subsection also analyzes the wetland protection measures under each alternative. 17 
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Overview of Effects 1 
No Action Alternative 1-Scenario 2 would provide the lowest level of protection for 2 
unique habitats compared to all other alternatives.  The likelihood of negative habitat 3 
effects is high for Type 1-3 waters and very high for Type 4 and 5 waters.  This is 4 
because the January 1, 1999 Washington Forest Practices Rules did not recognize and 5 
protect many of the habitat features important for amphibians (e.g., seeps, springs, talus). 6 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide a moderate 7 
to high level of protection for unique habitats compared to the other alternatives.  The 8 
likelihood of negative habitat effects is low for Type S and F waters adjacent to high site 9 
classes (i.e., I and II), moderate along buffered Type Np waters and sensitive sites, and 10 
high along unbuffered Type Np and Ns waters.  These alternatives would provide more 11 
protection for unique habitats than No Action Alternative 1-Scenario 2 but less protection 12 
than Alternative 4. 13 

Alternative 4 would provide a high level of protection for unique habitats compared to all 14 
other alternatives.  The likelihood of negative habitat effects is low for low-gradient 15 
channels with 200-foot no-harvest RMZs and moderate for high-gradient channels with 16 
70-foot no-harvest RMZs.  Alternative 4 would provide substantially more protection for 17 
unique habitats than No Action Alternative 1-Scenario 2 and moderately more protection 18 
than No Action Alternative 1-Scenario 1 and Alternatives 2 and 3.  A detailed analysis of 19 
the alternatives is presented in the following subsections. 20 

Detailed Effects Analysis 21 
No Action Alternative 1-Scenario 2 22 
Headwater streams, seeps, springs, and talus received little or no direct protection under 23 
the Washington Forest Practices Rules in effect on January 1, 1999.  Protection of these 24 
unique habitats was largely indirect, occurring only to the extent that these habitats were 25 
associated with wetlands.  Under the January 1, 1999 Washington Forest Practices Rules, 26 
Type A and B wetlands were delineated.  Type A wetlands are non-forested wetlands 27 
with open water.  Type B wetlands are non-forested wetlands other than Type A wetlands 28 
greater than 0.25 acre.  The third category was forested wetlands.  The January 1, 1999 29 
Washington Forest Practices Rules did not provide protection for wetlands smaller than 30 
0.25 acre.  The largest average buffer provided for any wetland was 100 feet.  This buffer 31 
was provided only on Type A wetlands larger than 5 acres in size.  Smaller Type A 32 
wetlands and Type B wetlands larger than 5 acres received a 50-foot average buffer.  33 
Type B wetlands between 0.5 and 5 acres had an average buffer of 25 feet.  Type B 34 
wetlands between 0.25 and 0.5 acres received no buffer.  The later included areas such as 35 
seeps, springs, and headwaters, and were therefore, not protected.   36 

The RMZs in the January 1, 1999 Washington Forest Practices Rules were much smaller 37 
than those recommended in the literature.  Semlitsch (1998) recommended buffers of 38 
over 500 feet around wetlands based on studies of pond-breeding salamanders in 39 
numerous studies from the midwest and eastern United States.  This large buffer was 40 
meant to encompass the terrestrial movements of 95 percent of the populations studied.  41 
Some of the more terrestrial of the target amphibian species, such as the Dunn’s and Van 42 
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Dyke’s salamanders, can spend considerable amounts of time in upland areas adjacent to 1 
riparian areas, usually within 150 to 300 feet from the stream (Gomez and Anthony 2 
1996).  Thus, the January 1, 1999 Washington Forest Practices Rules RMZs did not 3 
protect all habitat used by these amphibians in their daily movements.   4 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 5 
Note:  The reviewer is reminded to consider the differences in effectiveness over time of 6 
the adaptive management program among this group of alternatives (No Action 7 
Alternative 1-Scenario 1 [low], Alternative 2 [high], Alternative 3 [moderate]) in 8 
evaluating the effects discussed below (subsection 4.1.5, Adaptive Management). 9 

Measures provided under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 10 
would provide more protection to unique habitats than No Action Alternative 1-Scenario 11 
2.  Additional information on the relative differences between the above alternatives can 12 
be found in subsection 2.3 (Alternatives Analyzed in Detail).  The increased RMZs along 13 
all Type S and F streams and the establishment of Channel Migration Zones along some 14 
Type S and F streams would increase the amount of protection for unique habitats.  15 
Furthermore, and perhaps more importantly for amphibians, No Action Alternative 1-16 
Scenario 1 and Alternatives 2 and 3 would provide a variety of protective measures for 17 
Type N streams.  Under the January 1, 1999 Washington Forest Practices Rules, most 18 
such streams were classified as Type 4 or 5 and received little or no protection.  These 19 
protective measures are described above for No Action Alternative 1-Scenario 1 and 20 
Alternatives 2 and 3 in subsection 4.9.2.1 (Microhabitat Variables and Target 21 
Amphibians).   22 

Wetland buffers under No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 23 
would not be substantially different from No Action Alternative 1-Scenario 2.  However, 24 
increased RMZs and Channel Migration Zones would protect additional wetlands on the 25 
covered lands (Tables 4.7-4 and 4.7-5). 26 

4.9.2.2.1.1 Alternative 4 27 
Alternative 4 provides the highest potential benefits for amphibians based on its proposed 28 
protection for refugia.  It provides the widest riparian buffers, ranging from 70-foot no-29 
harvest RMZs on steep gradient streams (greater than 30 percent) to 200-foot no-harvest 30 
RMZs on low gradient streams (less than 20 percent).  It also proposes the largest buffers 31 
on wetlands, including 200-foot buffers on Type A wetlands greater than 5 acres, 100-32 
foot buffers on Type B wetlands, and snag and canopy retention standards around non-33 
forested wetlands.  These buffers are proposed as managed buffers, which mean that they 34 
are intended to allow thinning where it is benefits ecological function (Chapter 2, 35 
Alternatives).   36 

These proposed buffers would provide protection to most of the important refugia 37 
thought to be used by torrent salamanders, such as the splash zone of Type N streams.  It 38 
would also provide adequate buffers on isolated wetlands (200 feet for Type A), which 39 
would encompass most of the daily movements of salamanders and tailed frogs living in 40 
that environment.  Despite these improvements relative to both scenarios of No Action 41 
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Alternative 1, Alternative 4 may not provide buffers wide enough to maintain all habitat 1 
requirements of amphibians using the refugia (Dodd and Cade 1998; Semlitsch 1998).   2 
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4.10 BIRDS, MAMMALS, OTHER WILDLIFE, AND THEIR HABITATS   1 

4.10.1 Evaluation Criteria 2 
The general criterion used to evaluate the effects of the alternatives on birds, mammals, 3 
and other wildlife is the degree of habitat protection afforded to the wildlife species 4 
discussed in this subsection.  A component of this evaluation is the qualitative evaluation 5 
of effects on wildlife species that may be associated with riparian habitats for some of 6 
their life requisites by comparing the degree of protection afforded to various habitat 7 
components (e.g., snag availability, downed woody debris) important to some of the 8 
riparian-associated wildlife species identified in Table 3-24.  This table is not meant to be 9 
inclusive of all wildlife species in Washington that are associated with riparian areas and 10 
upland areas.  As discussed earlier, over 85 percent of Washington’s native fauna use 11 
riparian areas for some portion of their life cycles.  Instead, this subsection is limited to 12 
species with a listed status.  Nonetheless, the discussion provides a general indication of 13 
the wide variety of species that could be affected by the proposed alternatives.   14 

A general discussion of the effects of the alternatives on wildlife is presented in 15 
subsection 4.10.2.1 (General Effects).  Following this, subsection 4.10.2.2 (Species-16 
specific Discussion) presents a discussion of relevant aspects associated with key 17 
individual species.  Current Washington Forest Practices Rules provide a variety of 18 
protections to wildlife species, particularly for species that are State or Federal listed as 19 
threatened or endangered.  These critical habitat prescriptions are listed in WAC 222-16-20 
080 of the existing Washington Forest Practices Rules.  These are described where 21 
appropriate in the following subsections. As mentioned in subsection 2.3.1 (Alternative 1 22 
[No Action]), these wildlife prescriptions would not change under any of the alternatives 23 
and are described in subsection 4.10 (Birds, Mammals, Other Wildlife, and Their 24 
Habitats) where appropriate.  Therefore, for comparisons between alternatives, subsection 25 
4.10 concentrates on the Washington Forest Practices Rules that were changed in 1999; 26 
these rules address riparian and aquatic habitats. 27 

4.10.2 Evaluation of Alternatives  28 
The effects of the alternatives on birds, mammals, and other wildlife are analyzed in the 29 
following subsections.  In reading this analysis, it should be remembered from Chapter 2 30 
(Alternatives) that under the No Action alternative no ITPs or ESA Section 4(d) take 31 
authorization would be issued.  However, this lack of action would likely affect the 32 
Forest Practices Regulatory Program in a way that is difficult to predict.  Therefore, two 33 
scenarios, which represent the endpoints of the reasonable range of possible outcomes for 34 
the Forest Practices Regulatory Program, have been defined (subsection 2.3.1, 35 
Alternative 1 (No Action)) to represent the No-Action Alternative.  The effects of No 36 
Action are displayed for both of these endpoints in the following subsections, but the 37 
actual outcome and the actual effects of No Action on wildlife are likely to fall 38 
somewhere in-between these two scenarios. 39 
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4.10.2.1 General Effects 1 
Overview of Effects 2 
The general criterion used to evaluate the effects of the alternatives on other wildlife is 3 
the degree of habitat protection afforded to the wildlife species discussed in this 4 
subsection.  The degree of protection afforded to various habitat components (e.g., snag 5 
availability, downed woody debris), and to some degree, the potential to use riparian 6 
areas as travel corridors was used.  The following paragraphs address the likelihood of 7 
impacts to the various habitat components by alternative in a comparative manner.     8 

Overall, No Action Alternative 1-Scenario 2 would result in a higher likelihood of 9 
impacts to other wildlife species.  Although none of the alternatives would provide 10 
optimum habitat for most bird and mammal species, No Action Alternative 1-Scenario 2 11 
would do little to limit loss of habitat for the species discussed in this subsection and, 12 
therefore, the relative impacts to species habitat would be expected to be high.  However, 13 
specific prescriptions in the Washington Forest Practices Rules (WAC 222-16-080) for 14 
species such as the bald eagle, marbled murrelet, and northern spotted owl, would not 15 
change.  16 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide low to 17 
moderate likelihood of impacts to birds, mammals, and other wildlife species.  No Action 18 
Alternative 1-Scenario 1 and Alternatives 2 and 3 would continue to substantially 19 
increase the acreage of riparian habitat protected by no-harvest buffers, provide 20 
protection for riparian habitat along headwater (Type N) streams, and continue to provide 21 
improved wetland protection due to better mapping techniques and protection of seeps 22 
and springs connected to Type N streams.   23 

Alternative 4 would provide the lowest likelihood of impacts on wildlife species and their 24 
habitat.  These proposed measures would provide the most protection and potential 25 
habitat improvement for other riparian-associated species of any of the alternatives, but 26 
the extent of the benefits is unknown.  Approximately twice as many acres of riparian 27 
habitat would be protected on both westside and eastside forested lands than under No 28 
Action Alternative 1-Scenario 1 and Alternatives 2 and 3.  Larger buffers should provide 29 
increased snag densities and amounts of down woody debris for cavity-nesting birds and 30 
mammals, as well as increased substrate for various prey species.  In addition, wider 31 
riparian buffers under this alternative would provide wider travel corridors for many 32 
upland wildlife species; however, it is unlikely that riparian buffer acres alone would 33 
contribute substantially to the recovery of some species in Washington State.  A detailed 34 
analysis of the effects of the alternatives on other riparian habitat-associated wildlife is 35 
presented in the following subsections. 36 

Detailed Effects Analysis 37 
No Action Alternative 1-Scenario 2 38 
The January 1, 1999 Washington Forest Practices Rules for riparian buffers were 39 
previously noted (subsection 2.3.2.2, Washington Forest Practices Rules and Program-40 
Specific Description, No-Action Scenario 2) to be inadequate for the target amphibian 41 
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species, and would likewise not provide the level of protection needed for other riparian-1 
associated wildlife species.  Some of the species, such as the Oregon spotted frog, and 2 
Columbian white-tailed deer currently have extremely limited distributions.  While this 3 
makes them very vulnerable to extinction, it is unlikely that private forest practices would 4 
impact these species substantially because site-specific management plans are in place for 5 
most of the extant populations (McAllister and Leonard 1997; Larsen 1997).  Some of the 6 
more widely distributed species, including Cascades frog and the red-legged frog, use 7 
aquatic and riparian habitats for breeding, but are usually found in more upland habitats 8 
for the rest of their life cycle.   9 

Under No Action Alternative 1-Scenario 2, riparian buffers would most likely be 10 
inadequate for other amphibian species not already discussed in subsection 4.9 11 
(Amphibians and Amphibian Habitats).  Many of these species are likely to occur in 12 
small, temporary wetlands, many of which are not currently protected if they are less than 13 
0.5 acre in size.  Cascades frogs can be very abundant in small, isolated high elevation 14 
wetlands (Larsen 1997).  As recommended by Dodd and Cade (1998), buffers of over 15 
600 feet may be necessary to adequately protect all habitat required for the migratory 16 
patterns of amphibians in these small wetlands.   17 

As for many of the bird species listed in Table 3-23, RMZ prescriptions associated with 18 
the Washington Forest Practices Rules in effect on January 1, 1999 do not attempt to 19 
protect all of their habitat requirements.  The bald eagle receives specific protections for 20 
its critical habitat requirements due to its Federal threatened status (WAC 222-16-080).  21 
These special provisions protect large buffers around known nest sites.   22 

As for other avian species, No Action Alternative 1-Scenario 2 would do little to 23 
minimize negative impacts to these species from human activities because of buffer 24 
widths that would be less than habitat needs for these species (subsection 2.3.1, 25 
Alternative 1 (No Action)). For instance, 100-foot buffers along streams occupied by 26 
nesting harlequin ducks are recommended because that is the recommended distance to 27 
recruit LWD for loafing, and most nests are usually found in a hollow, rock crevice 28 
among boulders, a rock cavity in a cliff face, or in a tree cavity within 100 feet (30 29 
meters) of water (Cassirer et al. 1993).  Even larger buffers (164 feet [50 meters]) have 30 
been recommended to protect suitable nesting habitat (Cassirer and Groves 1990; 31 
Thomas et al. 1993).   32 

Similar to the birds mentioned above, the mammals listed in Table 3-23 require very 33 
large buffers.  Some studies have recommended riparian buffers of 100 meters (328 feet) 34 
to protect the area of optimum foraging and cover habitat for mink and beaver (Melquist 35 
et al. 1981; Allen 1983; Knutson and Naef 1997).  Although none of the alternatives 36 
would provide optimum habitat for the above bird and mammal species, No Action 37 
Alternative 1-Scenario 2 would do little to limit loss of habitat for the above species 38 
because of narrow buffer widths, and therefore, the relative impacts to species habitat 39 
would be expected to be high (subsection 2.3.1, Alternative 1(No Action)).   40 
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No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 1 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would likely improve 2 
habitat over time for other wildlife species in Washington as compared to No Action 3 
Alternative 1-Scenario 2 in four main ways: 1) by increasing the acreage of riparian 4 
habitat protected by no-harvest buffers (Figures 4.7-5 and 4.7-6); 2) by increasing the 5 
amount of riparian habitat protected by selective harvest buffers and Equipment 6 
Limitation Zones; 3) by providing protection for riparian habitat along headwater (Type 7 
N) streams, which would generally receive no buffers under No Action Alternative 1-8 
Scenario 2; and 4) by providing improved wetland protection due to better mapping 9 
techniques and protection of seeps and springs connected to Type N streams (subsection 10 
4.7, Riparian and Wetland Processes).  The wider riparian buffers under these alternatives 11 
would provide travel corridors for many upland wildlife species, including birds, 12 
terrestrial amphibians, and some mammals.  However, the wider buffers alone would still 13 
not provide optimum habitat for most upland wildlife species.  Additional information on 14 
the relative differences between the above alternatives can be found in subsection 2.3 15 
(Alternatives Analyzed in Detail). 16 

Alternative 4 17 
Compared to existing conditions, Alternative 4 would have the most benefits for other 18 
riparian-associated species in Washington.  Similar to No Action Alternative 1-Scenario 19 
1, other wildlife would benefit in four main ways under Alternative 4 as compared to No 20 
Action Alternative 1-Scenario 2:  1) it would substantially increase the acreage of 21 
riparian habitat protected by no-harvest buffers (Figures 4.7-5 and 4.7-6); 2) it would 22 
provide protection for riparian habitat along streams with gradients greater than 30 23 
percent, which would generally received no buffers under No Action Alternative 1-24 
Scenario 2; and 3) it would provide improved wetland protection due to improved 25 
mapping techniques and protection of seeps and springs connected to Type N streams 26 
(subsection 4.7, Riparian and Wetland Processes).  These proposed measures would have 27 
benefits for riparian-associated species, but the extent of the benefits is unknown.  28 
Nevertheless, Alternative 4 would provide the most protection and potential habitat 29 
improvement for other riparian-associated species of any of the alternatives.   30 

Under Alternative 4, approximately twice as many acres of riparian habitat would be 31 
protected in both western Washington and eastern Washington forestlands than under No 32 
Action Alternatives 1-Scenario 1 and Alternatives 2 and 3 (Table 4.9-1). Larger buffers 33 
under Alternative 4 should increase snag densities and amounts of down woody debris 34 
for cavity-nesting birds, amphibians, and mammals, as well as increase habitat for 35 
various prey species.  An increase in buffer widths may also provide for some additional 36 
demographic support for spotted owls on private lands, especially in association with a 37 
more contiguous, complex forest with older seral stages (subsection 4.10.2.2, Species-38 
Specific Discussion, Northern Spotted Owl). Wide riparian buffers under this alternative 39 
would provide wide travel corridors for many upland wildlife species.  However, it is 40 
unlikely that riparian buffer acres alone (Figures 4.2-1 and 4.2-2) would contribute 41 
substantially to the recovery of some species in Washington State. 42 
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4.10.2.2 Species-Specific Discussion 1 
Marbled Murrelet 2 
No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would provide habitat 3 
protection for murrelets specified under WAC 222-10-042, and forest practices would be 4 
subject to SEPA where they may cause adverse impacts to marbled murrelets.  These 5 
rules would not change under any of the alternatives. 6 

Murrelets are known to use major river drainages to access nesting stands.  Increased 7 
buffers may provide some additional murrelet habitat, particularly if it is adjacent to 8 
larger blocks of suitable nesting habitat (i.e., older seral stage forest).  Nelson and Hamer 9 
(1995) found that successful marbled murrelet nests were located significantly farther 10 
from edges (greater than 180 feet) than unsuccessful nests.  Small patches of habitat have 11 
a greater proportion of edge than do large patches of the same shape, and the linear nature 12 
of riparian corridors alone would not add significantly to the recovery of the marbled 13 
murrelet.  Although none of the alternatives would provide substantial protection of 14 
suitable murrelet habitat, No Action Alternative 1-Scenario 2 would provide a higher 15 
potential for adverse impacts, followed in descending order by No Action Alternative 1-16 
Scenario 1, Alternatives 2 and 3, and lastly, Alternative 4.     17 

Northern Spotted Owl 18 
Increased buffer widths would likely provide additional habitat for spotted owls 19 
especially near individual owl territories or clusters of territories.  Riparian buffers would 20 
provide for the recruitment of snags and downed woody material for prey species, but 21 
perhaps not substantially, for another 50 to 80 years.  However, none of the alternatives 22 
are likely to contribute substantially to the recovery of the spotted owl in Washington 23 
State.  24 

No Action Alternative 1-Scenario 1 and Alternative 2 and Alternative 3 would require 25 
larger no-harvest buffers than No Action Alternative 1-Scenario 2.  The majority of 26 
forested riparian areas in western Washington are in an early-seral stage with only 2 27 
percent estimated in late-seral stage (subsection 3.7.1, Riparian Areas).  Thus, none of 28 
these alternatives would likely provide suitable nesting habitat for northern spotted owl 29 
for many years.  No Action Alternative 1-Scenario 2 would provide the smallest long-30 
term benefit, followed in order of increasing habitat by No Action Alternative 1-Scenario 31 
1, Alternative 3, Alternative 2, and lastly, Alternative 4.   32 

Bald Eagle 33 
The breeding population of bald eagles in Washington has increased dramatically in the 34 
past 20 years, although two-thirds of nests are on private lands.  Land near shores is 35 
highly desirable for residential development, and the human population of Washington is 36 
expected to increase by 2 million to 7.7 million in the next 20 years, and double to 11 37 
million by 2050  (Washington Department of Fish and Wildlife 2001b).  Forests near 38 
shores are rapidly being cleared, and the needs of eagles and desires of humans are 39 
increasingly in conflict.  The current Washington Forest Practices Rules (No Action 40 
Alternative 1-Scenario 1, Alternative 2, and Alternative 3) would provide more 41 
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protection and future benefits to nesting eagles than No Action Alternative 1-Scenario 2.  1 
Although none of the alternatives would provide full protection of suitable bald eagle 2 
habitat, No Action Alternative 1-Scenario 2 would provide the least protection, followed 3 
in descending order by No Action Alternative 1-Scenario 1, Alternatives 3 and 2, and 4 
lastly, Alternative 4.   5 

Oregon Silverspot Butterfly 6 
In Washington, the Oregon silverspot butterfly has been documented only on the Long 7 
Beach peninsula in the Southwest analysis Region, but is likely extirpated from there.  8 
The last confirmed sighting there was during a 1990 survey.  Subsequent surveys in 1992, 9 
1996, 1997, and 1998 did not document any Oregon silverspot butterflies, and habitat 10 
monitoring for early blue violet shows a declining population along the Long Beach 11 
peninsula (U.S. Department of the Interior 2001).  Due to the habitat requirements of this 12 
species, the Oregon Silverspot butterfly would not be expected to be impacted by any of 13 
the alternatives.  14 

Canada Lynx 15 
The lynx population in Washington probably numbers fewer than 100 individuals.  16 
Several factors combine to put the population at risk for extirpation.  The population 17 
includes several small subpopulations (less than 20) that are somewhat isolated.  Lynx 18 
habitat is limited in extent and fragmented by topography.  Riparian areas can provide 19 
important habitat linkages in the landscape.  Lynx are not limited to riparian corridors for 20 
movement to suitable habitat; however, given the naturally fragmented landscape of the 21 
more alpine areas of the State where lynx occur, they likely have potential value for lynx.  22 
Survival and recruitment of lynx in Washington is probably affected by fluctuations in 23 
prey populations.  Snowshoe hare, the primary prey species of the lynx, prefer the dense 24 
cover of coniferous and mixed forests with abundant understory cover.  Thus, protected 25 
riparian areas may provide some habitat for snowshoe hares (NatureServe 2003).   26 

Under Alternative 4, approximately twice as many acres of riparian habitat would be 27 
protected on both westside and eastside forestlands than under No Action Alternative 1-28 
Scenario 1 and Alternatives 2 and 3 (Table 4.9-1).  The least number of acres would be 29 
protected by No Action Alternative 1-Scenario 2.  Therefore, the greater the amount of 30 
protected riparian areas, the greater the benefit for lynx and their prey - the snowshoe 31 
hare.   32 

Gray Wolf 33 
Riparian buffers may benefit wolves, especially at low elevations (e.g., larger river 34 
drainages), and many serve as travel corridors in more fragmented landscapes.  Riparian 35 
buffers may also concentrate prey species.  Under Alternative 4, approximately twice as 36 
many acres of riparian habitat would be protected on both westside and eastside 37 
forestlands than under No Action Alternatives 1-Scenario 1 and Alternatives 2 and 3 38 
(Table 4.9-1).  No Action Alternative 1-Scenario 2 would provide the least habitat 39 
protection. 40 
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Columbian White-tailed Deer 1 
The primary factors affecting the Lower Columbia population are land conversion, timber 2 
harvesting, vehicular traffic, poaching, and flooding (NatureServe 2003).  Much of the 3 
documented use area is managed as a USFWS National Wildlife Refuge and managed for 4 
deer.  Harvest within the riparian buffers of the use area is not likely to occur under any 5 
of the alternatives; however, if riparian buffers were managed, increased buffer widths 6 
may provide for some additional habitat protection, and may reduce potential flooding.  7 
Under Alternative 4, approximately twice as many acres of riparian habitat would be 8 
protected on both westside and eastside forestlands than under No Action Alternatives 1-9 
Scenario 1 and Alternatives 2 and 3 (Table 4.9-1).  No Action Alternative 1-Scenario 2 10 
would provide the least habitat protection. 11 

Woodland Caribou 12 
Habitat fragmentation is cited as a concern under the Selkirk Mountain Woodland 13 
Caribou Recovery Plan (USFWS 1994).  Timber harvest alters caribou habitat and 14 
creates additional human access, which increases potential for mortality from vehicle 15 
collisions, or poaching.  Logging can potentially affect caribou habitat by eliminating 16 
escape (security) cover; migration corridors; and lichen production, a primary food 17 
source for this species (USFWS 1994).  Riparian buffers may provide more secure travel 18 
corridors, as well as additional forage in the form of more complex forest structure.  19 
Under Alternative 4, approximately twice as many acres of riparian habitat would be 20 
protected on both westside and eastside forested lands than under No Action Alternatives 21 
1-Scenario 1 and Alternatives 2 and 3 (Table 4.9-1).  No Action Alternative 1-Scenario 2 22 
would provide the least habitat protection. 23 

Grizzly Bear 24 
Riparian buffers provide some connectivity, down woody debris, and forage for grizzly 25 
bears, especially in areas of private lands between roadless areas.  Under Alternative 4, 26 
approximately twice as many acres of riparian habitat would be protected on both 27 
westside and eastside forested lands than under No Action Alternatives 1-Scenario 1 and 28 
Alternatives 2 and 3 (Table 4.9-1).  No Action Alternative 1-Scenario 2 would provide 29 
the least habitat protection. 30 



 
 
 
 
 
 

Birds, Mammals, Other Wildlife, Final EIS 
and Their Habitats 

4-248

 Chapter 4 
This page is intentionally left blank. 1 



 
 
 
 
 
 

Final EIS Recreation 

  
4-249

Chapter 4 

4.11 RECREATION 1 

4.11.1 Introduction 2 
The proposed alternatives could affect recreation use on State and private lands in 3 
Washington in three main ways.  First, differences in the level of harvest within RMZs 4 
could affect recreation activities that occur in these areas.  These different levels of 5 
harvest could also affect recreation activities in adjacent and nearby areas, including 6 
recreation activities occurring on adjacent rivers.  Second, recreation activities could be 7 
affected by potential differences in conversion rates of private forestland under the 8 
different alternatives.  Third, RMZ management actions could have long-term effects on 9 
fish populations that could affect fish-related recreation activities in the future.  These 10 
potential effects are discussed in the following subsections. 11 

In reading this analysis, it should be remembered from Chapter 2 that under the No 12 
Action alternative no ITPs or ESA Section 4(d) take authorization would be issued.  This 13 
lack of action would likely affect the Forest Practices Regulatory Program in a way that 14 
is difficult to predict.  Therefore, two scenarios, which represent the endpoints of the 15 
reasonable range of possible outcomes for the Forest Practices Regulatory Program, have 16 
been defined (subsection 2.3.1, Alternative 1 (No Action)) to represent the No-Action 17 
Alternative.  The effects of No Action are displayed for both of these endpoints in the 18 
following subsections, but the actual outcome and the actual effects of No Action on 19 
recreation are likely to fall between these two scenarios. 20 

4.11.1.1 Overview of Effects 21 
From an historical perspective, less restrictive forest practices have resulted in riparian 22 
zones that are dominated by high levels of early-seral stage vegetation.  The current 23 
Washington Forest Practices Rules, as well as those rules in effect on January 1, 1999, 24 
provide for reduced levels of harvest within riparian zones compared to harvest levels 25 
that occurred in these areas in the past.  No Action Alternative 1-Scenario 2 would likely 26 
result in future levels of harvest that are similar to current conditions.  Reductions in 27 
potential future harvest would occur under No Action Alternative 1-Scenario 1, 28 
Alternatives 2 and 3, and Alternative 4 relative to current conditions.  No Action 29 
Alternative 1-Scenario 2 would, however, likely maintain the quality of some recreation 30 
experiences, especially those that are enhanced by forested landscapes.  These reductions 31 
could also maintain the quality of recreation experiences in some adjacent areas, 32 
including waterways used for boating, rafting, and other recreation activities. 33 

More restrictive alternatives could result in more conversion from forestland to other uses 34 
and, therefore, less forested recreation area.  While it is not possible to estimate the 35 
magnitude of this type of effect, it is likely to be much higher under Alternative 4 than 36 
under the other alternatives.  The restrictions associated with Alternative 4 are more 37 
likely to negatively affect the economic viability of timber production for forest 38 
landowners, especially small forest landowners and, therefore, increase the potential for 39 
forestland conversion.   40 
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The RMZ management actions proposed under the different alternatives could have long-1 
term effects on fish populations that could in turn affect fish-related recreation activities 2 
in the future.   3 

While it is not possible to quantify the potential effects of the alternatives on salmonid 4 
populations, it is possible to assess the potential direction of the effects and to provide a 5 
general comparison between alternatives.  The potential for adverse habitat impacts 6 
associated with No Action Alternative 1-Scenario 2 suggest that salmonid populations 7 
could decline over the long term under this alternative.  Compared to No Action 8 
Alternative 1-Scenario 2, habitat impacts under No Action Alternative 1-Scenario 1 (and 9 
Alternatives 2 and 3)  are much less likely to result in reductions in salmonid populations 10 
(i.e., would likely result in long-term improvements in salmonid populations).  11 
Alternative 4 could result in the highest likelihood of long-term improvements in habitat 12 
and salmonid numbers.  Effects on existing salmonid populations would likely have 13 
corresponding effects on the availability of salmonids for recreational harvest. 14 

4.11.2 Recreation Use in Riparian Management Zones 15 
Data on recreation use levels in the potentially affected RMZs are not available.  It is, 16 
however, reasonable to assume that areas located adjacent to water bodies generally 17 
receive more use than similar areas located away from water.  Types of recreation use in 18 
riparian corridors likely include walking/hiking, fishing, camping, hunting, and 19 
picnicking, with activities occurring in particular areas dependent on a number of factors 20 
including access and the degree of clearing.  Potentially affected lands include lands 21 
owned by private forest landowners on both the east and westsides of the State, as well as 22 
State-managed lands on the eastside.  State-managed lands on the westside are regulated 23 
separately under the State Trust Lands HCP (Washington DNR 1997d). State and private 24 
lands are estimated to account for 16 percent and 19 percent of total recreation use in 25 
Washington State, respectively (Interagency Committee for Outdoor Recreation 2002).   26 

The State lands most likely to be affected by the proposed alternatives are Washington 27 
DNR-managed forestlands on the eastside that are managed for support of trust 28 
beneficiaries with recreation allowed as a secondary use under the Washington State 29 
Multiple Use Act (Washington DNR 1992).  The private lands currently used for 30 
recreation purposes that are most likely to be affected by the proposed alternatives are 31 
those owned and managed by large, industrial timberland owners who employ “good 32 
neighbor” policies and allow public access for general recreation.  Recreation use on 33 
these types of private forestlands typically resembles use on forested State trust lands 34 
with recreation allowed as long as it does not compromise the owner’s ability to manage 35 
the land for business purposes (Interagency Committee for Outdoor Recreation 2002).  36 
Private lands that offer developed recreation opportunities, such as campgrounds and golf 37 
courses, would not be affected by the proposed alternatives unless they are affected by 38 
changes in management on State or private forestlands. 39 

The alternatives evaluated in this environmental analysis are programmatic, meaning that 40 
they establish direction for broad land areas rather than scheduling activities on specific 41 
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parcels of land.  As a result, it is not possible to identify specific tracts of land that would 1 
be affected by the proposed alternatives.  It is, however, possible to estimate the 2 
approximate number of acres that would be located in RMZs and unavailable for harvest 3 
by alternative.  Estimates of the acres in RMZs by alternative are presented in Tables 4 
4.11-1 and 4.11-2 for the eastside and westside, respectively, along with the net changes 5 
in acres relative to No Action Alternative 1-Scenario 2.  Acres in RMZs as a percent of 6 
total private and State harvest on the eastside are shown in Figure 4.11-1.  Acres in RMZs 7 
on the westside are shown as a percent of total private harvest in Figure 4.11-2.  These 8 
figures provide a general indication of the relative level of protection by alternative, but it 9 
is important to note that not all of these acres are necessarily used for recreation purposes.   10 

Table 4.11-1. Estimated Eastern Washington Acres in Riparian Management 11 
Zones by Alternative. 12 

No Action Alternative 1-
Scenario 2 

No Action Alternative 1- 
Scenario 1, Alternative 

2, and Alternative 3  Alternative 4 

 
Acres in 
RMZs 

Percent of 
Total (%)1/

Acres in 
RMZs 

Percent of 
Total (%)1/  

Acres in 
RMZs 

Percent of 
Total (%)1/

No-Harvest Acres 74,407 2.2 106,731 3.2 853.785 25.4
Light Selective Harvest 
Acres 

43,236 1.3 204,979 6.1 0 0.0

Mod-Heavy Selective 
Harvest Acres 

59,929 1.8 42,289 1.3 0 0.0

Stream Area 18,740 0.6 19,959 0.6 16,837 0.5
Total Acres in RMZs 196,312 5.8 373,958 11.1 870,622 25.9

NET CHANGE RELATIVE TO NO ACTION ALTERNATIVE 1-SCENARIO 22/ 
No-Harvest Acres 0 0 32,325 1.0 779,378 23.2
Light Selective Harvest 
Acres 

0 0 161,743 4.8 (43,236) -1.3

Mod-Heavy Selective 
Harvest Acres 

0 0 (17,641) -0.5 (59,929) -1.8

Stream Area 0 0 1,219 0.0 (1,903) -0.1
Total Acres in RMZs 0 0 177,645 5.3 674,310 20.0
1/ Total acres in RMZs are presented as a percentage of the total land area of private, city, and county forestlands 

on the eastside (2,619,736 acres), as well as the total land area of State-managed lands on the eastside (745,035 
acres). 

2/ Net change percentages are also presented in terms of the total land area of privately owned and State-managed 
eastside forestland (e.g., (119,335 acres/3,364,771 acres)*100=3.5 percent), not in terms of percent change 
relative to No Action Alternative 1-Scenario 2. 

Source:  DEIS Appendix B, Riparian Modeling. 
 13 
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Table 4.11-2. Estimated Western Washington Acres in Riparian Management 1 

Zones by Alternative. 2 

No Action Alternative 1-
Scenario 2 

No Action Alternative 1-
Scenario 1, Alternative 

2,  and Alternative 3  Alternative 4 

 
Acres in 
RMZs 

Percent of 
Total (%)1/

Acres in 
RMZs 

Percent of 
Total (%)1/

Acres in 
RMZs 

Percent of 
Total (%)1/ 

No-Harvest Acres 263,034 4.2 501,566 8.0 2,602,618 41.4
Light Selective Harvest 
Acres 

195,879 3.1 499,144 7.9 0 0.0

Mod-Heavy Selective 
Harvest Acres 

83,729 1.3 233,325 3.7 0 0.0

Stream Area 88,275 1.4 87,957 1.4 92,743 1.5
Total Acres in RMZs 630,916 10.0 1,321,992 21.0 2,695,361 42.9

NET CHANGE RELATIVE TO NO ACTION ALTERNATIVE 1-SCENARIO 22/ 
No-Harvest Acres 0 0 238,532 3.8 2,339,584 37.2
Light Selective Harvest 
Acres 

0 0 303,265 4.8 (195,879) -3.1

Mod-Heavy Selective 
Harvest Acres 

0 0 149,596 2.4 (83,729) -1.3

Stream Area 0 0 (318) 0.0 4,468 0.1
Total Acres in RMZs 0 0 691,075 11.0 2,059,977 32.8
1/ Total acres in RMZs are presented as a percentage of the total land area of private, city, and county forestlands 

on the westside (6,289,303 acres).   
2/ Net change percentages are also presented in terms of the total land area of privately owned forestland (e.g., 

(614,403 acres/6,289,303 acres)*100=9.8 percent), not in terms of percent change relative to No Action 
Alternative 1-Scenario 2.  

Source:  DEIS Appendix B, Riparian Modeling. 

 3 
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Figure 4.11-1. Estimated Percent of Eastern Washington Private and State 1 

Lands in Riparian Management Zones by Alternative. 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
Note:  This figure illustrates the percent of total private and State acres in eastern Washington 29 

that would be in RMZs by alternative.  It is important to note that not all of these acres 30 
are presently available for or used for recreation purposes. 31 

Source:  DEIS Appendix B, Riparian Modeling. 32 
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Figure 4.11-2. Estimated Western Washington Private Lands in Riparian 1 

Management Zones by Alternative. 2 

 3 
Note: This figure illustrates the percent of total private acres in western Washington that would 4 

be in RMZs by alternative.  It is important to note that not all of these acres are presently 5 
available for or used for recreation purposes. 6 

Source:  DEIS Appendix B, Riparian Modeling. 7 
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From an historical perspective, less restrictive forest practices have resulted in riparian 1 
zones that are dominated by high levels of early-seral stage vegetation (subsection 2 
3.7.1.7, Current Condition of Riparian Areas).  The current Washington Forest Practices 3 
Rules, as well as those rules in effect on January 1, 1999, provide for reduced levels of 4 
harvest within riparian zones compared to harvest levels that occurred in these areas in 5 
the past.  No Action Alternative 1-Scenario 2 would likely result in future levels of 6 
harvest that are similar to current conditions.  No Action Alternative 1-Scenario 1 and 7 
Alternatives 2 and 3 would result in an overall increase in the amount of acres in RMZs, 8 
relative to No Action Alternative 1-Scenario 2, with Alternative 4 resulting in a 9 
substantial increase in RMZ acres (Figures 4.11-1 and 4.11-2).  Reductions in acres 10 
available for future harvest relative to current conditions would likely increase the acres 11 
that would continue to be available for recreation use in the long-term.  Estimating the 12 
extent of these potential effects is not possible because the actual areas that would be 13 
affected are unknown.   14 

Figures 4.11-1 and 4.11-2 illustrate the percent of acres that would be within RMZs under 15 
each alternative.  These figures provide a relative indication of acres that would be 16 
unavailable for harvest and potentially available for recreation use.  Harvest may also 17 
affect the quality of recreation experiences on the affected lands and in adjacent areas.  18 
On the eastside, for example, approximately 20 percent more of total private and State 19 
acres (about 700,000 acres) would be available for harvest under No Action Alternative 20 
1-Scenario 2 than would be available under Alternative 4 (Figure 4.11-1).  That does not 21 
necessarily mean that harvest would occur on all of these acres, and harvest activities that 22 
would occur would likely be spread over an extended period of time into the future.  In 23 
other words, harvest activities, where they occur, would not all occur at one time.  As a 24 
result, the overall effects on the forested landscape would be less noticeable to many 25 
recreationists over time because there would be variations in the age of the regenerating 26 
vegetation in those areas that are harvested.  Potential effects on recreation would also 27 
likely be reduced by the dispersed nature of much of the recreation use that occurs in 28 
these areas.   29 

Under Alternatives 2 and 3, No Action Alternative 1-Scenario 1, and Alternative 4, 30 
reductions in potential future harvest, that would likely occur relative to current 31 
conditions and No Action Alternative 1-Scenario 2, could maintain the quality of 32 
recreation experiences in some adjacent areas, including waterways used for boating, 33 
rafting, and other recreation activities.  However, many of the shorelines in Washington, 34 
including those along larger Type 1 streams, are currently largely protected from timber 35 
harvest and other management activities under Washington’s Shoreline Management Act.   36 

4.11.3 Effects of Forestland Conversion 37 
The alternatives could result in conversion from forestland to other uses and, therefore, 38 
less forestland available for recreation activities.  Forestland conversion trends are 39 
discussed in subsection 3.2.4 (Timber Harvest Rates for Western and Eastern 40 
Washington). 41 
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Past trends in conversion of forested lands to other land uses suggest that much of this 1 
conversion has occurred in areas located in proximity to major urban areas and 2 
transportation corridors.  A recent study of land use conversion in King, Pierce, and 3 
Kittitas Counties conducted for The Wilderness Society concluded, for example, that 4 
between 1985 and 1999 approximately 96,000 acres of forest were converted to urban 5 
development (Thomson et al. 2003).  Most of this conversion occurred through the 6 
removal of young westside forest on the fringe of the Seattle-Tacoma metropolitan area 7 
and eastward along Interstate 90 (Thomson et al. 2003).  Conversion of forestland to 8 
other land uses could reduce the overall availability of private forestlands for recreation 9 
use.  While it is not possible to estimate the magnitude of this type of effect, it is likely to 10 
be much higher under Alternative 4 than under both scenarios of No Action Alternative 11 
1.  The restrictions associated with Alternative 4 are more likely to negatively affect the 12 
economic viability of timber production for forest landowners, especially small forest 13 
landowners and, therefore, increase the potential for forestland conversion.  This issue is 14 
discussed further in subsection 4.2 (Land Ownership and Use). 15 

4.11.4 Effects on Anglers 16 
The RMZ management actions proposed under the different alternatives could have long-17 
term effects on fish populations that could in turn affect fish-related recreation activities 18 
in the future.  Fish populations support a major recreational activity in the State.  The 19 
2001 National Survey of Fishing, Hunting, and Wildlife-Associated Recreation estimated 20 
that 808,000 State residents and 130,000 nonresidents 16 years or older fished in 21 
Washington in 2001, spending approximately $854 million on fishing-related expenses, 22 
including travel, lodging, and equipment (USFWS and Census Bureau 2003).  The survey 23 
identified approximately 659,000 freshwater anglers, with 211,000 and 156,000 24 
freshwater anglers indicating that they fished for salmon and for steelhead, respectively.  25 
The survey also identified 386,000 saltwater anglers, with 250,000 saltwater anglers 26 
indicating that they fished for salmon in 2001.  These categories are not mutually 27 
exclusive.  Some anglers fish in both fresh and salt water, and the majority fish for more 28 
than one species at any one time (U.S. Fish and Wildlife Service and Census Bureau 29 
2003).  These numbers do, however, provide a good indication of the importance of 30 
recreational fishing in Washington State, as well as the importance of salmon and 31 
steelhead to this activity. 32 

While it is not possible to quantify the potential effects of the alternatives on salmonid 33 
populations, it is possible to assess the potential direction of the effects and provide a 34 
general comparison between alternatives.  The potential for adverse habitat impacts 35 
associated with No Action Alternative 1-Scenario 2, suggest that salmonid populations 36 
could decline over the long term under this alternative.  Habitat impacts under No Action 37 
Alternative 1-Scenario 1 are much less likely to result in reductions in salmonid 38 
populations.  Alternative 3 would result in a slight improvement in salmonid populations 39 
over No Action Alternative 1-Scenario 1, and Alternative 2 would likely result in long-40 
term improvements in salmonid populations.  Alternative 4 would result in the highest 41 
likelihood of long-term improvements in habitat and salmonid numbers.  Effects on 42 
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existing salmonid populations would likely have corresponding effects on the availability 1 
of salmonids for recreational harvest.   2 

The preceding discussion provides a general indication of the likely impacts of the 3 
alternatives on recreational fishing.  However, future changes in fish populations depend 4 
on many factors and programs, of which the proposed action is only one.  The actions 5 
proposed under Alternatives 2, 3, No Action Alternative 1-Scenario 1, and Alternative 4 6 
may not in and of themselves be sufficient to assure an increase in the fishery resource.  7 
As discussed above, habitat is just one of the so-called “four H’s” believed to affect fish 8 
and especially salmonid populations (Federal Caucus 1999, see also the archive for all 9 
Federal Caucus documents, http://www.salmonrecovery.gov/Archive_chronological.shtml) 10 
(subsection 4.8.4, Synthesis by Analysis Region). As a result, improvements in fish 11 
populations projected under the action alternatives have a high degree of uncertainty 12 
associated with them.  Impacts to fish are discussed in detail in subsection 4.8 (Fish and 13 
Fish Habitat). 14 
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4.12 VISUAL RESOURCES 1 

4.12.1 Introduction 2 
The proposed alternatives could affect visual resources in two ways.  First, differences in 3 
the level of harvest within RMZs could affect visual resources in those areas.  Harvest 4 
levels could also have visual effects when viewed from adjacent areas.  Primary areas 5 
where forest-related visual concerns typically exist include major highway corridors, 6 
cities and towns, adjacent housing developments, and trails and other recreation areas.  7 
Second, visual resources could be affected by potential differences in conversion rates of 8 
private forestland under the different alternatives.  The following subsections discuss 9 
these potential effects. 10 

In reading this discussion, it should be remembered from Chapter 2 (Alternatives) that 11 
under the No Action alternative no ITPs or ESA Section 4(d) take authorization would be 12 
issued.  However, this lack of action would likely affect the Forest Practices Regulatory 13 
Program in a way that is difficult to predict.  Therefore, two scenarios, which represent 14 
the endpoints of the reasonable range of possible outcomes for the Forest Practices 15 
Regulatory Program, have been defined (subsection 2.3.1, Alternative 1 (No Action)) to 16 
represent the No-Action Alternative.  The effects of No Action are displayed for both of 17 
these endpoints in the following subsections, but the actual outcome and the actual effects 18 
of No Action on visual resources are likely to fall somewhere in-between these two 19 
scenarios. 20 

4.12.1.1 Overview of Effects 21 
From an historical perspective, less restrictive forest practices have resulted in riparian 22 
zones that are dominated by high levels of early-seral stage vegetation (subsection 23 
3.7.1.7, Current Condition of Riparian Areas).  The current Washington Forest Practices 24 
Rules, as well as those rules in effect on January 1, 1999, provide for reduced levels of 25 
harvest within riparian zones compared to harvest levels that occurred in these areas in 26 
the past.  No Action Alternative 1-Scenario 2 would likely result in future levels of 27 
harvest that are similar to current conditions improving visual resources slightly due to 28 
required RMZs.  No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would 29 
result in an overall increase in the amount of acres in RMZs, relative to No Action 30 
Alternative 1-Scenario 2, with Alternative 4 resulting in a substantial increase in RMZ 31 
acres and therefore an improvement in visual resources (Figures 4.11-1 and 4.11-2).  32 
Reductions in acres available for future harvest relative to current conditions would likely 33 
result in the retention of more natural forested landscapes, which would be seen from 34 
roads, trails, recreation areas, and viewpoints. 35 

More restrictive alternatives could result in more conversion from forestland to other 36 
uses, which could have substantial impacts on visual resources with residential and other 37 
forms of development replacing natural forested landscapes.  While it is not possible to 38 
estimate the magnitude of this type of effect, it is likely to be much higher under 39 
Alternative 4 than under the other alternatives.  The restrictions associated with 40 
Alternative 4 are more likely to negatively affect the economic viability of timber 41 
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production for forest landowners, especially small forest landowners and, therefore, 1 
increase the potential for forestland conversion and subsequent impacts to visual 2 
resources.   3 

4.12.2 Effects of Harvest in Riparian Management Zones 4 
The alternatives evaluated in this environmental analysis are programmatic, meaning that 5 
they establish direction for broad land areas rather than scheduling activities on specific 6 
parcels of land.  As a result, identifying specific tracts of land that would be affected by 7 
the proposed alternatives is not possible.  However, it is possible to estimate the 8 
approximate number of acres that would be located in RMZs by alternative, which can 9 
then be equated to acres potentially impacting aesthetic values due to harvest scenarios 10 
under each alternative.  Estimates of the acres in RMZs by alternative are presented in 11 
Tables 4.11-1 and 4.11-2 for the eastside and westside, respectively, along with the net 12 
changes in acres relative to the No Action Alternative.  Acres in RMZs as a percent of 13 
total private and State harvest on the eastside are shown in Figure 4.11-1.  Acres in RMZs 14 
on the westside are shown as a percent of total private harvest in Figure 4.11-2.  These 15 
figures provide a general indication of the relative level of protection by alternative, but 16 
not all of the acres shown in RMZs under the action alternatives would necessarily be 17 
harvested under the No-Action Alternative.   18 

From an historical perspective, less restrictive forest practices have resulted in riparian 19 
zones that are dominated by high levels of early-seral stage vegetation (subsection 20 
3.7.1.7, Current Condition of Riparian Areas).  The current Washington Forest Practices 21 
Rules, as well as those rules in effect on January 1, 1999, provide for reduced levels of 22 
harvest within riparian zones compared to harvest levels that occurred in these areas in 23 
the past.  No Action Alternative 1-Scenario 2 would likely result in future levels of 24 
harvest that are similar to current conditions.  No Action Alternative 1-Scenario 1 and 25 
Alternatives 2 and 3 would result in an overall increase in the amount of acres in RMZs, 26 
relative to No Action Alternative 1-Scenario 2, with Alternative 4 resulting in a 27 
substantial increase in RMZ acres relative to both No Action Alternative 1 scenarios 28 
(Figures 4.11-1 and 4.11-2).  Reductions in acres available for future harvest relative to 29 
current conditions would likely result in the retention of more natural forested 30 
landscapes, which would be viewed from public roads, trails, and vistas.  Estimating the 31 
extent of these potential effects is not possible because the actual areas that would be 32 
affected are unknown.  33 

This broad assessment provides some indication of the relative potential of the 34 
alternatives to affect visual resources based on the level of timber harvest and associated 35 
ground disturbing activities, such as road construction, that could occur under each 36 
alternative.  It is, however, important to recognize that affected State lands managed for 37 
timber production under all alternatives would be managed under the Washington DNR’s 38 
visual management procedure, which seeks to minimize potential impacts to visual 39 
resources by managing harvest activities with respect to sensitive viewshed areas.  In 40 
addition, potential impacts to visual resources on both State and private lands would be 41 
mitigated by various aspects of the current Washington Forest Practices Rules that would 42 
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remain in effect under all alternatives (subsection 3.12.2, Visual Resources and the 1 
Current Washington Forest Practices Rules).  These include the restriction on the size of 2 
clearcut harvest areas (240 acres or less) and the retention of four or five uncut trees per 3 
acre for wildlife.  It may be noted that some private forest landowners voluntarily leave 4 
additional buffers specifically for visual resource protection (subsection 3.12.2, Visual 5 
Resources and the Current Washington Forest Practices Rules). 6 

4.12.3 Effects of Forestland Conversion 7 
Past trends in conversion of forested lands to other land uses suggests that much of this 8 
conversion has occurred in areas located in proximity to major urban areas and 9 
transportation corridors.  Land conversion to uses other than forestland could have 10 
negative impacts on visual resources with residential and other forms of development 11 
replacing natural forested landscapes.  While it is not possible to precisely estimate the 12 
magnitude of this type of effect, it is expected to be higher under Alternative 4 than under 13 
Alternatives 2, 3, No Action Alternative 1-Scenario 1, and especially No Action 14 
Alternative 1-Scenario 2.  The restrictions associated with Alternative 4 are more likely 15 
to negatively affect the economic viability of timber production for forest landowners, 16 
especially small forest landowners and, therefore, increase the potential for forestland 17 
conversion.  This issue is discussed further in subsection 4.2 (Land Ownership and Use). 18 
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4.13 ARCHEOLOGICALARCHAEOLOGICAL, HISTORICAL AND 1 
CULTURAL RESOURCES 2 

4.13.1 Statutory and Regulatory Context 3 
This subsection describes the statutory and regulatory context within which the 4 
alternatives are evaluated. 5 

36 Code of Federal Regulations 800, Section 106-National Historic Preservation Act 6 
- Section 106 of the National Historic Preservation Act (NHPA) of 1966 (16 U.S.C. 470 7 
et seq.) requires Federal agencies to take into account the effects of their undertakings on 8 
properties eligible for inclusion in the National Register of Historic Places.  The NHPA 9 
also affords the Advisory Council on Historic Preservation a reasonable opportunity to 10 
comment.  The historic preservation review process mandated by Section 106 is outlined 11 
in regulations issued by the Advisory Council on Historic Preservation (Protection of 12 
Historic Properties [36 CFR Part 800]).  As defined in the regulations, “undertaking” 13 
means a project, activity, or program funded in whole or in part under the direct or 14 
indirect jurisdiction of a Federal agency, including those carried out by or on behalf of a 15 
Federal agency; those carried out with Federal financial assistance; or those requiring a 16 
Federal permit, license, or approval.  With regard to making a determination as to 17 
whether any action is an undertaking, an agency should examine the nature of its Federal 18 
involvement taking into consideration factors such as the degree of Federal agency 19 
control or discretion, the type of Federal involvement or link to the action, and whether or 20 
not the action could move forward without the Federal action.   21 

The issuance of a permit for a Habitat Conservation Plan is generally considered by the 22 
Services to be an undertaking subject to compliance with Section 106 of the NHPA, 23 
although each HCP is unique, and the degree of agency control or discretion may be low, 24 
or if determined to be an undertaking, the HCP may or may not have the potential to 25 
cause effects on historic properties.  Consultation with the Tribes and the public is 26 
emphasized, while consultation with the State Historical Preservation Officer is required.  27 
Section 106 review requires that agencies:  1) determine if their action is an undertaking; 28 
2) if so, gather information to determine if any cultural or historic properties within the 29 
area of potential effect are eligible for the National Register of Historic Places; 3) 30 
determine how historic properties might be affected; 4) explore alternatives to avoid or 31 
reduce harm to historic properties; and 5) reach agreement with the SHPO and Tribes 32 
affected by the action on measures to address any adverse effects. 33 

RCW Chapter 27.44-Indian Graves and Records Act - This statute makes it a crime to 34 
knowingly disturb, remove, or damage American Indian graves and glyptic records, such 35 
as petroglyphs or pictographs. 36 

RCW Chapter 27.53-Archaeological Sites and Resources Act - This statute prohibits 37 
any individual, corporation, or agency from knowingly removing, altering, or disturbing 38 
any archaeological site or object without a written permit from the Director of 39 
Community, Trade, and Economic Development, or the Director’s designee (this includes 40 
forestland subject to the Forest Practices Act). 41 
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Washington Administrative Code 222-16-Forest Practices Rules - These regulations 1 
provide a venue for Washington Tribes to designate areas of interest, comment on 2 
individual forest practices applications and their impact on archaeological and cultural 3 
resources, and develop a plan with the forest landowner to protect the archaeological or 4 
cultural resource of concern. 5 

Forest Practices that may impact cultural, archaeological, or historic sites are Class III or 6 
Class IV-Special forest practices.  A Class III application is triggered when 7 

harvesting, road construction, site preparation, or aerial application of 8 
pesticides occurs on lands that contain cultural, historic, or 9 
archaeological resources which, at the time the application or 10 
notification is filed are: (i) on or are eligible for listing on the National 11 
Register of Historic Places (NRHP; or (ii) have been identified to the 12 
department as being of interest to an affected Indian Tribe” (tribal 13 
cultural resource).   14 

A Class IV-Special application is required for timber harvesting, road construction, 15 
landings, rock quarries, gravel pits, borrow pits, and spoil disposal areas on 16 
archaeological or historic sites registered with the Washington State Office of 17 
Archaeology and Historic Preservation, or on sites containing evidence of Native 18 
American cairns, graves, or glyptic records, as provided for in RCW Chapters 27.44 and 19 
27.53  Under WAC 222-16, Washington DNR is required to consult with affected Indian 20 
Tribes in identifying Class IV Special sites of concern. 21 

Washington DNR funds a position at the Office of Archaeology and Historic Preservation 22 
that maintains a data base with locations of known archaeological sites or resources, 23 
historic sites, or tribal cultural resources.  Washington DNR accesses this database when 24 
a forest practices application/notification) is filed to correctly class the forest practices 25 
application/notification. If the forest practices application/notification causes a hit in the 26 
Office of Archaeology and Historic Preservation database, Washington DNR consults 27 
with the Office of Archaeology and Historic Preservation to determine the appropriate 28 
classification of the application/notification. 29 

A Class IV-Special application must include a SEPA environmental checklist and public 30 
review in compliance with SEPA. Washington DNR may require additional information 31 
or a detailed environmental impact statement.  Once the Class IV-Special forest practices 32 
application is complete (all necessary documents submitted), Washington DNR will do 33 
one of the following: approve, disapprove, or approve the application with conditions for 34 
mitigation measures to protect cultural resources.  35 

Washington Administrative Code 222-20-120-Forest Practices Rules - This regulation 36 
designates that DNR will notify affected Indian Tribes of all of forest practices 37 
applications/notifications of concern to such Tribes and that landowners, where an forest 38 
practices application/notification involves cultural resources, shall meet with the affected 39 
Tribe(s) with the objective of agreeing on a plan for protecting the archaeological or 40 
cultural value.  41 
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When a Class III or Class IV-Special forest practices application involves a tribal cultural 1 
resource, the landowner must meet with affected Tribes with the objective of agreeing on 2 
a plan for protecting archaeological or cultural values.  If the parties come to an 3 
agreement, then the landowner may voluntarily add the mitigation measures to the forest 4 
practices application.  If this occurs, Washington DNR will enforce the mitigation 5 
measures as terms of the permit.  The affected Tribe decides whether a copy of the 6 
agreement will be sent to the Office of Archaeology and Historic Preservation.  7 
Regardless of whether or not agreement between the landowner and Tribe is reached on a 8 
plan for protecting the resource, the provisions of RCW Chapters 27.44 and 27.53 9 
(above) still apply to sites and resources under their scope.  Enforcement of RCW 10 
Chapter 27.53 is assigned to the Director of the Office of Community, Trade, and 11 
Economic Development and RCW Chapter 27.44 is under the jurisdiction of the State 12 
superior court system. 13 

Forest practices under both the TFW Agreement and FFR provide for procedures to 14 
increase cooperation between landowners and the Tribes over the protection of cultural 15 
resources.  The most recent agreements are discussed below as the Cultural Resources 16 
Protection and Management Plan and Watershed Analysis Cultural Resources Module. 17 

Cultural Resources Protection and Management Plan - In July 2003, the TFW 18 
Cultural Resources Committee presented the Washington Forest Practices Board with the 19 
Cultural Resources Protection and Management Plan (Plan).  The Plan demonstrates 20 
Washington DNR’s relationship with Washington Tribes.  The Plan is a collaboratively 21 
developed multi-caucus proposal for cultural resource planning, protection, and 22 
management based on the commitments made in the 1987 Washington State TFW 23 
Agreement, an inter-tribal proposal, and the 1999 FFR. 24 

The basic functions of the Plan involve largely voluntary actions designed to: foster 25 
improved communication and mutual respect between the State, Tribes, and land owners; 26 
provide cooperative processes to protect and manage cultural resources; and provide 27 
educational opportunities to foster trust, commitment, and understanding.  Memoranda of 28 
Understanding, signed documents that describe the verbal agreements between 29 
landowners and Tribes are cited in the Plan as the preferred pathway to protect cultural 30 
resources. 31 

The Plan’s educational opportunities include programs and workshops designed for land 32 
owners, land managers, Tribes, and State agencies.  The goal of this education is a 33 
common understanding of cultural resource issues in a forest management context.  A 34 
small forest landowner educational program, for example, is currently under 35 
development. 36 

For its part, the Washington DNR’s Forest Practices commitments in the Plan include 37 
outreach to Tribes to identify and automatically give notice of permits in their geographic 38 
areas of interest, requiring cultural resources information on the forest practices 39 
application/notification form, updating Forest Practices program guidance on cultural 40 
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resources rules, and assisting the Office of Archaeology and Historic Preservation in 1 
updating and maintaining its archeologicalarchaeological and historic inventories. 2 

Watershed Analysis Cultural Resources Module -The Plan also includes a proposed 3 
Watershed Analysis Cultural Resources Module. The module is a required part of any 4 
new forest practices Watershed Analysis process, and is a stand-alone method for 5 
identifying and protecting resources in any landowner context outside the Watershed 6 
Analysis process.  For example, the module could be used in consultations pursuant to a 7 
forest practices application on property that contains known cultural resources, and as a 8 
planning tool for producing a landowner’s inventory of cultural resources.  The 9 
methodology is a five-step process.  Step 1, Startup, entails identifying and contacting 10 
stakeholders, choosing and training a research team, and developing a research plan.  11 
Step 2, Cultural Resources Assessment, produces an inventory of known cultural 12 
resources through literature and records review and interviews with tribal elders and other 13 
knowledgeable informants.  Step 3, Synthesis, is an assessment of the condition, 14 
sensitivity, and vulnerability of identified cultural resources and the development of 15 
problem statements that identify threats to particular cultural resources.  Step 4, 16 
Management Strategies Process, establishes a process for voluntarily minimizing or 17 
preventing adverse impacts.  Step 5 is a summary of the process, including development 18 
of a plan for monitoring the effectiveness of the voluntary management strategies.  19 

Forest Landowners Voluntary Involvement - In addition to statutory and regulatory 20 
efforts, many forest landowners in Washington voluntarily work with Tribes that may 21 
have concerns about the landowner’s forest management and potential effects on cultural 22 
resources.   23 

Summary 24 
Under the laws, rules, and the agreements summarized above, cultural resources receive 25 
varying levels of protection.  Archaeological sites and resources, including Indian graves, 26 
cairns, artifacts, and implements of culture or glyptic records are protected by State laws 27 
in RCW Chapters 27.44 and 27.53.  These laws apply regardless of the forest practices 28 
rules.  The Washington Forest Practices Rules, Chapter 222 WAC, require notice to the 29 
Tribes, SEPA review, landowner tribal meetings, and, once adopted into rule, a cultural 30 
resource assessment as part of any new Watershed Analysis process.  Surveys to 31 
determine the location and identification of previously undocumented cultural resources 32 
are not required under Washington Forest Practices Rules unless committed to as a result 33 
of the SEPA process.   34 

Existing Office of Archaeology and Historic Preservation information is supplemented by 35 
tribal and landowner knowledge of undocumented cultural resources.  These resources 36 
are usually identified upon consultation with affected Tribes. Protections for cultural, 37 
historic, or archaeological resources are voluntary under Washington Forest Practices 38 
Rules, however, RCW Chapters 27.44 and 27.33 continue to provide protection for these 39 
resources.   40 

Procedures exist under the Forest Practices application process, the Cultural Resources 41 
Protection and Management Plan, and the State Watershed Analysis Cultural Resources 42 
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Module whereby traditional sites and materials may be identified in consultation with 1 
affected Tribes who may choose not to document the resource outside of tribal 2 
knowledge because of the history of site disturbance and looting.  Through voluntary 3 
processes in the TFW Agreement and the Cultural Resources Plan (including the stand-4 
alone option for the Watershed Analysis Cultural Resources Module), understanding, 5 
respect, and protection of all cultures resources is enhanced.   6 

4.13.2 Evaluation Criteria 7 
Assessment of the effects of the four alternatives on cultural resources is necessarily 8 
qualitative.  The actual numbers of archaeological sites and resources, historic sites, and 9 
cultural resources and the numbers of culturally important species (e.g., fish) are mostly 10 
unknown and in some cases remain un-assessed during the forest practices application 11 
process.  Consequently, the evaluation of effects from the four alternatives is qualitative 12 
and based on acreage taken out of forest production with required RMZs, the anticipated 13 
degree of landowner cooperation with voluntary procedures, and the estimated effect on 14 
protected species of fish.  Rationale for each measure is provided below.  Archaeological 15 
sites and resources and Indian graves, cairns, and glyptic records, when known, would 16 
receive the same level of protection under all alternatives. 17 

4.13.2.1 Acreage Taken Out of Forest Production 18 
Alternatives differ in the width of the RMZ provided along watercourses and on unstable 19 
slopes.  Whenever forested land, particularly land along streams, is unharvested, the 20 
archaeological sites and resources, historic sites, traditional sites, and traditional 21 
resources that may occur within that RMZ are protected from forest practices activities, 22 
whether or not they have been documented.  The wider the RMZ, and the more stringent 23 
the constraints within the RMZ, the greater the number of cultural sites and population of 24 
resource species likely to be protected. 25 

4.13.2.2 Voluntary Landowner Cooperation 26 
Protection of historic sites, traditional sites, and traditional resources is largely voluntary 27 
under forest practices and dependent on the development of mutual good will between 28 
agencies, landowners, and Tribes.  However, landowners are required to follow RCW 29 
Chapters 27.44 and 27.33, independent of any additional voluntary cooperation that takes 30 
place between landowners and respective tribal governments.  It is assumed that forest 31 
landowners are more likely to voluntarily participate in protecting cultural resources 32 
when take authorization is granted and when regulations do not take much timberland out 33 
of production.  Small landowners’ ability to harvest timber profitably will be particularly 34 
affected by RMZ requirements, so willingness to voluntarily participate in cultural 35 
resource protection agreements may wane as RMZs expand.  Still, the less regulatory 36 
certainty provided under a specific alternative, the less likely owners would agree to 37 
additional constraints on the use of their land.  As voluntary participation declines, more 38 
historic sites, cultural sites, and traditional resources are likely to be adversely affected.  39 
The access by tribal members to traditional sites and traditional resources can also be 40 
expected to decline with regulatory uncertainty.   41 
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4.13.2.3 Effects on Salmonid Species 1 
Salmon are important traditional resources to all Washington Tribes, and bull trout are 2 
particularly important in watersheds outside the historic range for salmon.  Assessments 3 
of the relative impact of the four alternatives on these traditional resources will be 4 
incorporated in the assessment of cultural resources. 5 

4.13.3 Evaluation of the Alternatives 6 
4.13.3.1 No Action Alternative 1-Scenario 1 7 
No take authorization or take limits under ESA Section 4(d) Rules would be granted by 8 
the Services under this alternative, yet the width of the no-harvest RMZ and the inner 9 
zones would be the same as those required under Alternatives 2 and 3 that do provide 10 
take authorization.  Under this scenario, there is no requirement for Federal agencies to 11 
make a determination with respect to an undertaking because there is no proposed 12 
Federal action.  With this scenario, it is unlikely that the Forests and Fish Agreement 13 
would continue to be supported by parties to the agreement.  As a result, voluntary 14 
compliance with cultural resources policies established under the Cultural Resources 15 
Protection and Management Plan is thus, likely to be lower than expected if take 16 
authorization is granted (Alternatives 2 through 4).   17 

No-harvest RMZs protect an estimated 700,000 acres in western Washington and 83,000 18 
acres in eastern Washington, while inner zones of 135,000 acres in the east and 577,000 19 
acres in the west provide partial protection.  These zones protect undocumented 20 
archaeological sites and any traditional sites or resources that may occur within them.  21 
Salmonids are expected to be protected at a moderate level, as under Alternatives 2 and 3.  22 
In summary, undocumented archaeological sites are expected to receive moderate 23 
protection, while protection for historic sites, traditional resources, and traditional sites 24 
would be lower than that under all other alternatives except No Action Alternative 1-25 
Scenario 2. 26 

4.13.3.2 No Action Alternative 1-Scenario 2 27 
This alternative assumes that no take authorization or take limits would be granted by the 28 
Services and thus, there is no requirement for Federal agencies to make a determination 29 
with respect to an undertaking because there is no proposed Federal action.  Under No 30 
Action Alternative 1-Scenario 2, through legislative direction, the State would revert 31 
back to the Forest Practices Regulatory Program and Washington Forest Practices Rules 32 
as they existed before 1999.  This would mean reduction or termination of funding for the 33 
Forests and Fish programs, elimination of the landowner incentive program, and a 34 
reduction in Washington DNR staff for rule implementation and enforcement.   35 

Under this scenario, much of the voluntary process established in the Cultural Resources 36 
Protection and Management Plan may be abandoned, so voluntary protections for cultural 37 
resources, along with access to traditional sites and resources would likely be at their 38 
lowest level among all alternatives.  Undocumented archaeological sites and traditional 39 
sites and resources located close to streams would receive less protection; only about 40 
38,000 acres in eastern Washington and 147,000 acres in western Washington would be 41 
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protected by no-harvest policies.  An additional 317,000 acres in the west and 53,000 1 
acres in the east would be partially protected by light selective harvest prescriptions.  2 
There would be less protection for undocumented archaeological sites.  Salmonid species 3 
would receive the least protection under this alternative.  In summary, under No Action 4 
Alternative 1-Scenario 2, adverse impacts to undocumented archaeological sites, 5 
traditional sites and resources, and to historic sites would be greatest among the four 6 
alternatives. 7 

4.13.3.3 Alternative 2 8 
This alternative presumes that the Services grant take authorizations to the State.  Thus, 9 
under this alternative, Federal agencies have a responsibility under NHPA Section 106 to 10 
make a determination whether or not the proposed Federal action is an “undertaking,” as 11 
previously defined.  Regardless of the determination, protections of historic properties 12 
under this alternative would likely be increased and/or improved from those provided 13 
under No Action Alternative 1-Scenario 2 because there are already protection provisions 14 
incorporated into the current Washington Forest Practices Rules, and because of the 15 
collaboratively developed Cultural Resources Protection and Management Plan.  16 
Compared to No Action Alternative 1-Scenario 1, protection of historic properties under 17 
Alternative 2 may or may not change, depending on the determination and any 18 
subsequent consultation with the State Historic Preservation Office and the Tribes.  19 

Under this alternative, salmonids would receive moderate protection. No-harvest zones 20 
and light selective cut acreages would be the same as under No Action Alternative 1-21 
Scenario 1 and Alternative 3, providing moderate protection for undocumented 22 
archaeological sites and traditional resources found in riparian zones.  Landowners would 23 
receive maximum assurances that they are considered to be in compliance with the ESA.  24 
They are, therefore, expected to be more likely to comply with the Cultural Resources 25 
Protection and Management Plan, entering into consultation with Tribes and Washington 26 
DNR and voluntarily protecting or allowing access to cultural resources that are not 27 
directly protected by statute.  As a consequence, undocumented archaeological resources 28 
would be moderately protected, while historic sites, traditional sites, and traditional 29 
resources, except salmonids, would receive the most protection among the alternatives. 30 

4.13.3.4 Alternative 3 31 
This alternative provides take limits under the ESA Section 4(d) rule.  It has not been 32 
determined whether or not a 4(d) rule limit qualifies as an undertaking under NHPA 33 
Section 106.  Regardless of whether it is determined that take approval under ESA 34 
Section 4(d) is an “undertaking,” protection of historic properties under Alternative 3 35 
may or may not be changed compared to No Action Alternative 1-Scenario 1, but would 36 
likely be improved compared to No Action Alternative 1-Scenario 2 because of the 37 
protection provisions in the current Washington Forest Practices Rules.  This alternative 38 
provides only take limits under the 4(d) rule and is thus, expected to receive a lower level 39 
of voluntary compliance with the Cultural Resources Protection and Management Plan 40 
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than would Alternative 2.  This level of compliance is, however, expected to be higher 1 
than that attained under Alternatives 4 and No Action Alternative 1 (both scenarios).   2 

The width of no-harvest and inner zones is equal to that of Alternative 2, so the protected 3 
acreage, and thus, the protection of undocumented archaeological resources and other 4 
streamside cultural resources, is again moderate.  Salmonids are expected to be protected 5 
at a moderate level, as under No Action Alternative 1-Scenario 1 and Alternative 2.  6 
Therefore, undocumented archaeological sites and salmonids would receive a moderate 7 
level of protection, while historic sites, traditional sites, and non-salmonid traditional 8 
resources would receive a lower level of protection than Alternative 2, but higher than No 9 
Action Alternative 1-Scenario 1 or Alternative 4. 10 

4.13.3.5 Alternative 4 11 
This alternative assumes that the Services would grant take authorizations under ESA 12 
Section 10(a)(1)(B). Depending on the Federal NHPA Section 106 determination, and 13 
any subsequent consultation to seek ways to address adverse effects on historic 14 
properties, the protection of historic properties under Alternative 4 may or may not be 15 
changed compared to No Action Alternative 1-Scenario 1, but would likely be improved 16 
compared to No Action Alternative 1-Scenario 2 because of more restrictions on timber 17 
harvest.   18 

Alternative 4 designates a much higher proportion of forestland as no-harvest compared 19 
to all other alternatives; including 973,000 acres in eastern Washington and 2,963,000 20 
acres in western Washington.  This would remove approximately 29 percent of the 21 
forestland from production in the east and 47 percent from production in the west.  This 22 
degree of restriction is expected to substantially lower the level of landowner cooperation 23 
with voluntary rules and would likely lead to much higher levels of conversion from 24 
forestland to residential development.  As a result, under Alternative 4, undocumented 25 
archaeological sites and some traditional resources would receive much greater protection 26 
where wider RMZs are established and other limits to harvest are enforced.  However, the 27 
lower level of voluntary compliance with the Cultural Resources Protection and 28 
Management Plan and the increased conversion rate could result in reduced protection of 29 
historic sites, traditional sites, and some traditional resources as well as reduced tribal 30 
access to traditional sites and resources on private land compared to all other alternatives.   31 

Because of much broader no-harvest prescriptions along streams, salmonid resources 32 
would receive the greatest protection under this alternative.  This alternative, therefore, 33 
would provide the greatest protection to undocumented archaeological sites and salmonid 34 
resources, moderate protection to non-salmonid traditional resources, and reduced 35 
protection to historic sites and traditional sites. Tribal access to traditional resources and 36 
levels of protection for traditional sites and historic sites might be similar to that expected 37 
under No Action Alternative 1- Scenario 1, but lower than for Alternatives 2 and 3. 38 
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4.14 SOCIAL AND ECONOMIC ENVIRONMENT 1 

4.14.1 Introduction 2 
Potential social and economic effects are addressed in the following subsections.  The 3 
first subsection addresses the potential effects of the proposed alternatives on 4 
employment and the economy, primarily in terms of potential effects on employment and 5 
income.  It also addresses potential effects to small and large forest businesses by 6 
summarizing the findings of the Small Business Economic Impact Statement that was 7 
prepared for the current Washington Forest Practices Rules  (Perez-Garcia et al. 2001) 8 
and other existing studies (Zobrist 2003; Oneill O’Neil 2003).  The second subsection 9 
discusses the potential effects of the alternatives in terms of non-use and ecosystem 10 
values.  These values are difficult to quantify and are typically expressed in monetary 11 
terms or discussed qualitatively. The third and final subsection discusses potential 12 
environmental justice concerns associated with the project and the proposed alternatives. 13 

In reading the following discussion, it should be remembered from Chapter 2 14 
(Alternatives) that under the No Action Alternative no ITPs or ESA Section 4(d) take 15 
authorization would be issued.  However, this lack of action would likely affect the 16 
Forest Practices Regulatory Program in a way that is difficult to predict.  Therefore, two 17 
scenarios, which represent the endpoints of the reasonable range of possible outcomes for 18 
the Forest Practices Regulatory Program, have been defined (subsection 2.3.1, 19 
Alternative 1 (No Action)) to represent the No-Action Alternative.  The effects of No 20 
Action are displayed for both of these endpoints in the following subsections, but the 21 
actual outcome and the actual effects of No Action on the social and economic 22 
environment are likely to fall between these two scenarios. 23 

4.14.1.1 Overview 24 
The potential effects of the alternatives on the social and economic environment are 25 
divided into three broad areas that address employment and the economy, non-use and 26 
ecosystem service values, and environmental justice. 27 

The current Washington Forest Practices Rules provide for reduced levels of harvest 28 
within riparian zones compared to harvest levels that occurred in these areas under the 29 
January 1, 1999 Washington Forest Practices Rules, as well as historic harvest levels.  30 
Reductions in future timber harvest would likely occur under No Action Alternative 1-31 
Scenario 1, Alternatives 2 and 3, and particularly Alternative 4 relative to No Action 32 
Alternative 1-Scenario 2.   33 

Employment and the Economy 34 
Potential reductions in timber harvest would have negative effects on employment and 35 
income in the lumber and wood products sector and positive effects on recreational and 36 
commercial fishing, as well as natural amenities and quality of life issues. However, the 37 
potential for land conversion could change these outcomes (subsection 4.1.2.5, 38 
Alternative Groupings; Table S-1). 39 
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Lumber and Wood Products 1 
Perez-Garcia et al. (2001) developed a ratio of jobs per million board feet harvested using 2 
statewide data for the different subsectors that comprise the wood products industry.  3 
Using this ratio, the potential reductions in average annual harvest would result in 4 
approximately 3,000 direct jobs foregone under No Action Alternative1-Scenario 1 and 5 
Alternatives 2 and 3 as compared to No Action Alternative 1-Scenario 2.  The majority of 6 
these foregone jobs, about 94 percent, would be on the westside of the State.  Using the 7 
same approach, approximately 15,000 jobs would be foregone under Alternative 4, with 8 
about 13,500 of these jobs foregone in western Washington counties.   9 

Using 1997 average salary data from Perez-Garcia et al. (2001), these potential 10 
reductions in employment would result in annual losses of approximately $121 million 11 
and $476 million in income under No Action Alternative1-Scenario 1, Alternative 2, 12 
Alternative 3, and Alternative 4, respectively.  Grays Harbor, Lewis, Cowlitz, Pacific, 13 
and Pierce Counties would experience the largest absolute reductions in harvest under No 14 
Action Alternative 1-Scenario 1, Alternative 2, Alternative 3, and Alternative 4, 15 
accounting for just over half of the projected statewide reduction under each alternative. 16 

Recreational and Commercial Fishing 17 
RMZ management actions proposed under the different alternatives could have long-term 18 
effects on fish populations that could in turn affect recreational and commercial fishing 19 
activities in the future.  While it is not possible to quantify the potential effects of the 20 
alternatives on salmonid populations, it is possible to assess the potential direction of the 21 
effects and to provide a general comparison between alternatives.   22 

In summary, the potential for adverse habitat impacts associated with No Action 23 
Alternative 1-Scenario 2, suggest that salmonid populations could decline over the long 24 
term under this alternative.  Habitat impacts under No Action Alternative 1-Scenario 1 25 
are much less likely to result in reductions in salmonid populations compared to No 26 
Action Alternative 1-Scenario 2.  Alternative 3 would likely result in improvement over 27 
No Action Alternative 1-Scenario 1, and Alternative 2 would likely result in long-term 28 
improvements.  Without land conversion, Alternative 4 would result in the highest 29 
likelihood of long-term improvements in habitat and salmonid numbers.  Effects on 30 
existing salmonid populations would likely affect the availability of salmonids for 31 
recreational and commercial harvest, which would, in turn, affect employment and 32 
income in these sectors. 33 

Natural Amenities and Quality of Life 34 
Natural amenities and local quality of life have increasingly been recognized as important 35 
factors determining the economic prospects of many rural communities.  Natural 36 
amenities and quality of life do not directly generate income in the same sense as other 37 
factors such as a sawmill or tourist lodge, but they often act to attract and keep residents.  38 
The alternatives evaluated in this environmental analysis are programmatic, meaning that 39 
they establish direction for broad land areas rather than scheduling activities on specific 40 
parcels of land.  As a result, it is very hard to identify the impact of the different 41 
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alternatives on local amenities and, further, on the economic activity these amenities 1 
generate.  However, based on the amount of acres that would be protected in RMZs, the 2 
relative contribution of the action alternatives considered here is likely to be greatest 3 
under Alternative 4, followed by Alternative 2, Alternative 3, and No Action 4 
Alternative1-Scenario 1, with the least relative contribution occurring under No Action 5 
Alternative 1-Scenario 2. 6 

Non-Use and Ecosystem Service Values 7 
Non-use values represent the value that individuals assign to a resource independent of 8 
their use of that resource.  These types of values, which include existence, option, and 9 
bequest values, are usually measured via surveys that ask people to state how much they 10 
would be willing to pay to preserve a particular area (Arrow et al. 1993).  These values 11 
represent the value that individuals obtain from knowing that a resource exists, knowing 12 
that it would be available to use in the future should they choose to do so, and knowing 13 
that it would be left for future generations to inherit.  Endangered species preservation is 14 
well recognized as a potential source of non-use value.  Studies have also identified non-15 
use values associated with the preservation of forested landscapes.  While these values 16 
are generally believed to exist, they are difficult to accurately measure.  These values 17 
would, however, be expected to be higher under Alternative 2, Alternative 3, and No 18 
Action Alternative 1-Scenario 1 compared to No Action Alternative 1-Scenario 2, and 19 
higher still under Alternative 4 without land conversion. 20 

Ecosystem services are those services and benefits provided by healthy ecosystems.  21 
Examples of ecosystem services that pertain to forests include water quantity and quality, 22 
soil stabilization and erosion control, improved air quality, climate regulation and carbon 23 
sequestration, and biological diversity (Krieger 2001).  While the ecosystem service 24 
values associated with the proposed protection measures exist, they are very difficult to 25 
accurately quantify in monetary terms.  As a result monetary values are not assigned to 26 
ecosystem services in this document, but it is possible to assess the potential direction of 27 
the effects and provide a general comparison between alternatives.  In terms of the 28 
proposed alternatives, the value per household is likely to be highest for Alternative 4 29 
without land conversion, followed by No Action Alternative 1-Scenario 1, Alternative 2, 30 
and Alternative 3. 31 

Environmental Justice 32 
Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 33 
Populations and Low-Income Populations, requires that Federal agencies ensure that 34 
minority and low-income populations are not disproportionately affected by their actions.  35 
The Order further stipulates that the agencies conduct their programs and activities in a 36 
manner that does not have the effect of excluding persons from participation in, denying 37 
persons the benefits of, or subjecting persons to discrimination because of their race, 38 
color, or national origin.   39 

The alternatives have the potential to affect Washington’s Native American Tribes by 40 
affecting the availability of salmonid species and potentially altering access to traditional 41 
places and usual and accustomed use areas.  No Action Alternative 1-Scenario 1 is much 42 
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less likely to result in reductions in salmonid populations compared to No Action 1 
Alternative 1-Scenario 2.  Alternative 3 would result in a slight improvement over No 2 
Action Alternative 1-Scenario 1, and Alternative 2 would likely result in long-term 3 
improvements.  Without land conversion, Alternative 4 would result in the highest 4 
likelihood of long-term improvements in habitat and salmonid numbers.  Access to usual 5 
and accustomed places would be similarly affected by the alternatives with No Action 6 
Alternative 1-Scenario 2 having the largest potential impact and Alternative 4 the least. 7 

Concerns have been expressed that potential reductions in lumber and wood products 8 
employment could have disproportionately high effects on small, timber-dependent 9 
communities.  The proposed action is programmatic in nature and it is not possible to 10 
quantify the potential impacts of the alternatives on specific geographic locations or 11 
communities.  It is possible that the overall effect of reductions in employment in the 12 
relatively well-paid lumber and wood products sector could have disproportionately 13 
negative effects on timber-dependent communities that may already have relatively high 14 
unemployment and poverty rates.  For this element, it is likely that Alternative 4 would 15 
have the highest negative effect on timber-dependent communities due to greater 16 
reductions in timber harvest and the increased likelihood of land conversions.   17 

4.14.2 Employment and the Economy 18 
The following discussion is divided into three main parts that address potential economic 19 
impacts associated with lumber and wood products, recreational and commercial fishing, 20 
and natural amenities and quality of life issues. 21 

From an historical perspective, less restrictive forest practices have resulted in riparian 22 
zones that are dominated by high levels of early-seral stage vegetation.  The current 23 
Washington Forest Practices Rules, as well as those rules in effect on January 1, 1999, 24 
provide for reduced levels of harvest within riparian zones compared to harvest levels 25 
that occurred in these areas in the past.  No Action Alternative 1-Scenario 2 would likely 26 
result in future levels of harvest that are similar to current conditions.  Reductions in 27 
potential future harvest would likely occur under No Action Alternative 1-Scenario 1, 28 
Alternatives 2 and 3, and Alternative 4, relative to current conditions and No Action 29 
Alternative 1-Scenario 2.  These reductions would have negative effects on employment 30 
and income in the lumber and wood products sector and positive effects on recreation and 31 
commercial fishing, as well as natural amenities and quality of life issues. 32 

4.14.2.1 Lumber and Wood Products 33 
The following discussion is divided into two main parts that address employment and 34 
income and potential impacts upon forest businesses, respectively. 35 

Employment and Income 36 
All of the alternatives except No Action Alternative 1-Scenario 2 would result in an 37 
overall reduction in acres available for harvest in riparian zones on lands owned by 38 
private forest landowners on both the east and westsides of the State, as well as State-39 
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managed lands on the eastside.  State-managed lands on the westside are regulated 1 
separately under the State Trust Lands HCP (Washington DNR 1997d).  2 

The following subsections addresses potential employment and income effects at two 3 
geographic scales.  The first subsection addresses potential impacts from a statewide 4 
perspective.  The second subsection uses the available data to provide some insight into 5 
the distribution of potential impacts by county. 6 

Statewide Employment and Income Effects 7 
The following subsection addresses the potential effects of the alternatives on timber 8 
harvest and the timber industry and employment income in two ways.  The first approach 9 
is based on data used elsewhere in this FEIS and considers the potential impacts in terms 10 
of acres that would no longer be available for harvest as a percentage of total acres and 11 
existing harvest levels.  The second approach summarizes results of the analysis of 12 
Alternative 2 conducted as part of the Small Business Economic Impact Statement 13 
prepared for the current Washington Forest Practices Rules (Perez-Garcia et al. 2001).   14 

Under RCW Chapter 19.85.030, an agency adopting a rule is required to prepare a Small 15 
Business Economic Impact Statement if the proposed rule will impose more than minor 16 
costs on the businesses within an industry.  The current Washington Forest Practices 17 
Rules were expected to impose more than minor costs on forest products businesses and, 18 
therefore, a Small Business Economic Impact Statement (Perez-Garcia et al. 2001) was 19 
prepared to assess the effects of the new proposed rule compliance costs on small and 20 
large businesses.   21 

Riparian Management Zone Acres 22 
Less restrictive forest practices have resulted in riparian zones that are dominated by high 23 
levels of early-seral stage vegetation.  The current Washington Forest Practices Rules, as 24 
well as those rules in effect on January 1, 1999, provide for reduced levels of harvest 25 
within riparian zones compared to harvest levels that occurred in these areas in the past.   26 

Estimates of the number of riparian zone acres that would have harvest restrictions under 27 
each alternative are presented in Tables 4.11-1 and 4.11-2.  Affected acres are estimated 28 
for three types of restriction, which correspond with the alternative descriptions presented 29 
in Chapter 2 (Alternatives).  The following paragraphs summarize the potential 30 
reductions in harvest by alternative based on the number of acres that would be in RMZs.  31 
These estimates do not include potential reductions in harvest that could result from land 32 
conversions.  The potential for increased land conversion from forestland to other uses 33 
would be highest under Alternative 4. 34 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would result in an overall 35 
net increase of 177,645 acres in eastside riparian zones compared to No Action 36 
Alternative 1-Scenario 2 (Table 4.11-1).  This increase represents approximately 5.3 37 
percent of all private, city, county, and State-managed forestlands on the eastside.  38 
Alternative 4 would result in an overall net increase of 674,310 eastside acres, 39 
approximately 20.0 percent of all private, city, county, and State-managed forestlands on 40 
the eastside (Table 4.11-1). 41 
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No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 would result in an overall 1 
net increase of 691,075 acres in westside riparian zones compared to No Action 2 
Alternative 1-Scenario 2, approximately 11.0 percent of all private, city, and county 3 
forestlands on the westside.  Alternative 4 would result in an overall net increase of 4 
2,051,068 acres, approximately 32.6 percent of all private, city, and county forestlands on 5 
the westside (Table 4.11-2).   6 

Assuming that the reduction in available acres would lead to a corresponding annual 7 
reduction in harvest levels, Alternatives 2 and 3 and No Action Alternative 1-Scenario 1 8 
would result in total harvest reductions of approximately 4 percent on the eastside and 6 9 
percent on the westside compared to No Action Alternative 1-Scenario 2 (Table 4.14-1).  10 
Total harvest in this context refers to harvest from all land ownerships, not just State and 11 
private on the eastside or private on the westside.  Alternative 4 would result in total 12 
harvest reductions of approximately 14 percent and 25 percent on the east and westsides, 13 
respectively.  Statewide, No Action Alternative 1-Scenario 1, and Alternatives 2, and 3 14 
would result in a total harvest reduction of approximately 5 percent.  Alternative 4 would 15 
result in a total harvest reduction of approximately 23 percent (Table 4.14-1).   16 

Table 4.14-1. Estimated Reductions in Average Annual Harvest by Alternative 17 
(thousand board feet [MBF]). 18 

 

Net 
Reduction in 
Acres (%)1/ 

Affected 
Harvest 
(MBF)2/ 

Net Annual 
Reduction 
(MBF)3/ 

Total 
Harvest 
(MBF)4/ 

Projected Net 
Reduction as a 

Percent of Total 
Harvest (%) 

Alternative Alternative 1-Scenario 1 
Eastside 0 636,745 0 993,937 0 
Westside 0 3,220,002 0 3,416,909 0 
Total 0 3,856,746 0 4,410,846 0 

Alternative 2, Alternative 3, No Action Alternative 1-Scenario 1 
Eastside 4 636,745 25,470 993,937 3 
Westside 6 3,220,002 193,200 3,416,909 6 
Total  3,856,746 218,670 4,410,846 5 

Alternative 4 
Eastside 22 636,745 140,084 993,937 14 
Westside 27 3,220,002 869,401 3,416,909 25 
Total  3,856,746 1,009,484 4,410,846 23 
1/ This represents the estimated net reduction in private/city/county and State forestland that would 

be unavailable for harvest under the action alternatives.  This analysis assumes that there would be 
no harvest on no-harvest acres, and 30 percent and 70 percent of selective harvest and moderate-
heavy selective harvest acres harvested, respectively. 

2/ Affected harvest is annual average harvest from private and State lands for 1990 through 2002.  
Sources for harvest data include Washington DNR 2004b and Washington DNR 2004d. 

3/ This represents the harvest that would be foregone assuming that the estimated net reduction in 
acres available for harvest would lead to a corresponding decrease in harvest.   

4/ The total harvest figures are average annual harvest figures for all ownerships in Washington State 
for 1990 through 2002. 
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Perez-Garcia et al. (2001) developed a ratio of jobs per million board feet harvested using 1 
statewide data for the different subsectors that comprise the wood products industry.  2 
Using this ratio, the potential reductions in average annual harvest as compared to No 3 
Action Alternative 1-Scenario 2 would result in approximately 3,000 direct jobs foregone 4 
under No Action Alternative1-Scenario 1 and Alternatives 2 and 3.  The majority of these 5 
lost jobs, about 94 percent, would be on the westside of the State.   6 

Using the same approach, approximately 15,000 jobs would be lost under Alternative 4, 7 
with about 13,500 of these jobs foregone in western Washington counties as compared to 8 
No Action Alternative 1-Scenario 2.  Using 1997 average salary data from the Small 9 
Business Economic Impact Statement, these potential reductions in employment would 10 
result in annual losses of approximately $121 million and $476 million in income under 11 
No Action Alternative 1-Scenario 1 and Alternatives 2, 3, and 4, respectively.   12 

These general employment and wage estimates assume a linear relationship between 13 
potential harvest reductions and employment that is unlikely to occur in reality as 14 
adjustments to reduced harvests may take place over an extended period of time.  In 15 
addition, a reduction in available acres due to RMZ restrictions may affect the 16 
profitability of harvesting in adjacent areas in cases where the amount of timber available 17 
to cover fixed harvest costs is reduced.  This is particularly likely to be the case with 18 
small non-industrial private forest landowners (Zobrist 2003).  Further, these estimates 19 
assume that harvest would occur in the inner zone under No Action Alternative 1-20 
Scenario 1 and Alternatives 2 and 3.  Although some large landowners, mostly industrial 21 
landowners, are harvesting in the inner zone, anecdotal field evidence suggests that many 22 
landowners are not harvesting within the inner zones.  Many landowners are not 23 
harvesting in the inner zone because the value of the trees that “may” be available for 24 
harvest in this zone are not expected to justify the inventory/layout cost.  This situation 25 
may change in the future if stumpage values increase. 26 

Small Business Economic Impact Statement Analysis of Statewide Effects 27 
The Small Business Economic Impact Statement assessed the potential employment and 28 
income effects of Alternative 2 in 2001 using a different approach (Perez-Garcia et al. 29 
2001).  This analysis found that potential reductions in the timber base under Alternative 30 
2 would result in total harvest reductions of 10 percent and 20 percent in eastern and 31 
western Washington, respectively.  Using annual harvest data for 1997, the Small 32 
Business Economic Impact Statement analysis identified potential harvest reductions of 33 
approximately 97 million board feet on the eastside and 650 million board feet on the 34 
westside.  The analysis then applied job/million board feet ratios developed using the 35 
1997 County Business Pattern (Perez-Garcia et al. 2001) and annual harvest data to 36 
estimate foregone employment and wages.  This resulted in an estimated reduction in 37 
direct eastside employment of approximately 865 jobs, with an associated loss of 38 
approximately $27 million in wages.  The Small Business Economic Impact Statement 39 
analysis estimated a loss of approximately 10,317 westside jobs and $351 million in 40 
wages.   41 
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The impacts projected for the current Washington Forest Practices Rules, Alternative 2 in 1 
the Small Business Economic Impact Statement (Perez-Garcia et al. 2001) analysis, are 2 
substantially higher than those identified for No Action Alternative 1-Scenario 1 and 3 
Alternatives 2 and 3 in the RMZ acres analysis presented above. This partially reflects 4 
the different methodologies employed and is also a result of the underlying database used 5 
to generate estimates of acres that would no longer be available for harvest. 6 

Employment Effects by County 7 
This subsection uses estimated net changes in RMZ acres at the county level to assess 8 
potential effects on county employment and income.  As with the statewide RMZ-based 9 
analysis summarized above, this analysis assumes that a reduction in available acres 10 
would lead to a corresponding annual reduction in harvest levels.  Potential reductions in 11 
harvest levels are, in turn, assumed to result in corresponding reductions in annual 12 
employment and income.  The county-level analysis is complicated because harvest 13 
activities in a particular county do not necessarily employ residents of that county.  14 
Timber harvested could be processed elsewhere in the State, and the mill employment 15 
potentially forgone due to a reduction in acres available for harvest that could be located 16 
in other counties.  Alternatively, timber harvested could be exported as unprocessed logs, 17 
with port workers and longshoremen affected by potential harvest reductions rather than 18 
local mill workers.  In addition, loggers and logging contractors employed to harvest 19 
timber that would otherwise be harvested may not reside in the county where the harvest 20 
would have occurred.  The logging activities themselves and at least some of the 21 
associated expenditures would, however, have occurred in the county where the timber is 22 
located.  With these points in mind, the following analysis is intended to give a general 23 
overview of the potential distribution of employment and income impacts by county.   24 

Viewed at a county level the projected net change (as compared to No Action Alternative 25 
1-Scenario 2) in RMZ acres on State and private lands associated with Alternatives 2 and 26 
3 and No Action Alternative 1-Scenario 1, would range from 4 percent to 7 percent.  27 
Assuming that a reduction in available acres would result in similar decreases in harvest 28 
levels, counties that would experience relatively large reductions in harvest from State 29 
and private lands include San Juan, Island, Kitsap, Pierce, Grays Harbor, Lewis, and 30 
Cowlitz Counties (Table 4.14-2).   31 

Projected net changes in RMZ acres under Alternative 4 would range from 18 percent in 32 
Jefferson County to approximately 32 percent in San Juan and Island Counties.  33 
Assuming that a reduction in available acres would result in similar decreases in harvest 34 
levels, counties that could experience relatively large reductions in harvest from State and 35 
private lands include San Juan, Island, Kitsap, Pierce, Grays Harbor, Lewis, and Cowlitz 36 
Counties (Table 4.14-2). 37 

Counties with the largest absolute reductions in harvest under Alternatives 2 and 3, No 38 
Action Alternative 1-Scenario 1, and Alternative 4 would be Grays Harbor, Lewis, 39 
Cowlitz, Pacific, and Pierce Counties.  Using the statewide jobs to million board feet-40 
ratios developed by Perez-Garcia et al. (2001), Alternatives 2 and 3 and No Action 41 
Alternative 1-Scenario 1 would result in statewide annual reductions of approximately  42 
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Table 4.14-2. Estimated Percent of Harvest from State and Private Lands 1 

Affected in Each County by Alternative (Compared to No Action 2 
Alternative 1-Scenario 2). 3 

State and 
Private Annual 

Harvest 
Reduction (%) Counties 

No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 
4 Adams, Asotin, Benton, Chelan, Columbia, Douglas, Ferry, Franklin, Garfield, 

Grant, Jefferson, Kittitas, Klickitat, Lincoln, Okanogan, Pend Oreille, Stevens, 
Spokane, Walla Walla, Whitman, and Yakima 

5 to 6 Clallam, Clark, Mason, Skagit, Snohomish, Skamania, Thurston, Wahkiakum, and 
Whatcom  

7 Cowlitz, Grays Harbor, Island, King, Kitsap, Lewis, Pacific, Pierce, and San Juan  
Alternative 4 

15 to 21 Jefferson and Skamania 
22 to 27 Adams, Asotin, Benton, Chelan, Clallam, Clark, Columbia, Douglas, Ferry, 

Franklin, Garfield, Grant, Kittitas, Klickitat, Lincoln, Okanogan, Pend Oreille, 
Skagit, Snohomish, Spokane, Stevens, Thurston, Wahkiakum, Walla Walla, 
Whatcom, Whitman, and Yakima  

28 to 32 Cowlitz, Grays Harbor, Island, King, Kitsap, Lewis, Mason, Pacific, Pierce, and 
San Juan  

3,000 direct jobs and $121 million in foregone income.  The five counties with the largest 4 
absolute reductions, noted above, would account for just over one-half of this potential 5 
loss.  This would also be the case under Alternative 4 where statewide annual reductions 6 
would be approximately 15,000 direct jobs and $476 million in income. 7 

Effects on Forest Businesses 8 
The Small Business Economic Impact Statement prepared for the current Washington 9 
Forest Practices Rules, included in this FEIS as Alternative 2, assessed the effects of 10 
proposed rule compliance costs on small and large forest businesses (Perez-Garcia et al. 11 
2001).  Forest businesses were defined as businesses that own or control cutting rights on 12 
forestlands and included, but were not limited to, landowners, loggers, and mill owners.  13 
Small businesses were identified as those with 50 or fewer employees.   14 

Riparian habitat management and lost sales associated with RMZs and road maintenance 15 
and stream crossings were the major compliance cost elements assessed in the Small 16 
Business Economic Impact Statement.  The Small Business Economic Impact Statement 17 
found that the cost of implementing the proposed rules fell more heavily on small 18 
businesses.  In eastern Washington the cost of compliance was 31 percent of total 19 
business value for small businesses and 22.1 percent for large businesses.   20 

In western Washington compliance costs comprised 25.6 percent and 18.5 percent of total 21 
business value for small and large businesses, respectively.  Total business value was 22 
defined in terms of timber asset value.  Road maintenance and stream crossing 23 
requirements accounted for the majority of compliance costs in eastern Washington.  24 
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Foregone sales associated with RMZs comprised the major cost in western Washington 1 
(Perez-Garcia et al. 2001). 2 

Two subsequent studies attempted to assess the effects that site-specific differences 3 
would likely have on potential effects to small, non-industrial private forest landowners 4 
(Zobrist 2003; O’nNeil 2003).  These studies were based on 10 case studies in western 5 
Washington (six in Lewis County; four in Grays Harbor County) and nine case studies in 6 
eastern Washington (three in Pend Oreille County, four in Stevens County, one in 7 
Okanogan County, and two in Whitman County).   8 

The results of the westside case studies indicated that some small landowners could 9 
potentially incur substantial economic losses under the current Washington Forest 10 
Practices Rules, Alternative 2 in this analysis, with the severity of potential impacts 11 
varying by landowner (Zobrist 2003).  Potential impacts were most severe under a 12 
modeling scenario that assumed there would be no harvest in the riparian zone at all, with 13 
some of the case studies losing most or all of their land value.  These losses were reduced 14 
when the modeling scenario was adjusted to assume that landowners would harvest in the 15 
outer zone, with only small incremental or no benefits associated with harvesting in the 16 
inner zone.  17 

RMZs are divided into three zones under No Action Alternative 1-Scenario 1 and 18 
Alternatives 2 and 3.  The core zone is nearest to the water and adjacent to the bankfull 19 
width.  The inner zone is adjacent to the core zone.  The outer zone is adjacent to the 20 
inner zone and furthest from the water (Figure 2-2).  Harvest requirements vary by zone 21 
and alternative.  Although potential losses were reduced when harvesting occurs in the 22 
outer zone, the overall losses were still substantial in some cases.  The analysis found that 23 
maximizing selective inner zone riparian harvest did not do more to minimize impacts 24 
because calculating the allowable riparian harvest would involve additional cruising and 25 
layout costs that offset any value recovery (Zobrist 2003).   26 

Under Alternatives 2 and 3 and No Action Alternative 1-Scenario 1, the land value for 27 
timber management would be completely lost in no-harvest areas, such as the core zone 28 
and parts of the inner zone, as these acres could no longer be used for commercial 29 
management (Zobrist 2003).  Further, if buffer restrictions result in a large portion of a 30 
given property being taken out of timber production, it could make the entire property 31 
unprofitable because the production base available to cover fixed production costs would 32 
be much smaller.  Also, buffer restrictions may fragment properties, separating 33 
unrestricted areas from one another and making management unfeasible in these areas, as 34 
well as those areas within the RMZ.  Substantial decreases in land value imply that it 35 
would not be economically viable for some landowners to continue to use their property 36 
for forest management beyond the current rotation, which could motivate land use 37 
conversion, particularly to residential development (Zobrist 2003).  This is discussed 38 
further in subsection 4.2 (Land Ownership and Use). 39 

The results of the nine eastern Washington case studies also found that the severity of 40 
potential impacts under the current Washington Forest Practices Rules (Alternative 2) 41 
varied substantially by landowner (Oneil 2003).  The analysis evaluated potential impacts 42 
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to small businesses in terms of reductions in annual cash flows projected into the future.  1 
Impacts to small eastside businesses ranged from a 0 to 49 percent reduction in 2 
discounted cash flows when compared to the prior baseline (No Action Alternative 1-3 
Scenario 2).  Losses varied with the amount of riparian holdings and the nature of the 4 
currently standing inventory (Oneil 2003).   5 

The preceding analyses of potential effects on businesses specifically addressed the 6 
potential effects of the current Washington Forest Practices Rules (i.e., No Action 7 
Alternative 1-Scenario 1, Alternative 2, and Alternative 3 in this analysis).  They did not 8 
address the potential effects of Alternative 4.  It is, however, reasonable to assume that 9 
RMZ restrictions associated with Alternative 4 would have greater impacts on small 10 
businesses located on both sides of the State.  The restrictions associated with Alternative 11 
4 are more likely to negatively affect the economic viability of timber production for 12 
forest landowners, especially small forest landowners and, therefore, increase the 13 
potential for forestland conversion.  This issue is discussed further in subsection 4.2 14 
(Land Ownership and Use). 15 

4.14.2.2 Recreational and Commercial Fishing 16 
This subsection addresses the potential effects of the alternatives on employment in the 17 
recreation and commercial fishing sectors, both of which could be affected positively by 18 
the action alternatives in the long-run. 19 

Recreational Fishing 20 
RMZ management actions proposed under the different alternatives could have long-term 21 
effects on fish populations that could in turn affect fish-related recreation activities in the 22 
future.  While it is not possible to quantify the potential effects of the alternatives on 23 
salmonid populations and recreation-related employment and income, it is possible to 24 
assess the potential direction of the effects and provide a general comparison between 25 
alternatives.   26 

In summary, the potential for adverse habitat impacts associated with No Action 27 
Alternative 1-Scenario 2 suggests that salmonid populations could decline over the long 28 
term under this alternative.  Habitat impacts under No Action Alternative 1-Scenario 1 29 
are much less likely to result in reductions in salmonid populations compared to No 30 
Action Alternative 1-Scenario 2.  Alternative 3 would likely result in improvement over 31 
No Action Alternative 1-Scenario 1, and Alternative 2 would likely result in long-term 32 
improvements.  Without land conversion, Alternative 4 would likely result in the highest 33 
likelihood of long-term improvements in habitat and salmonid numbers.  Effects on 34 
existing salmonid populations would likely affect the availability of salmonids for 35 
recreational harvest, which would, in turn, affect recreation-related employment and 36 
income.   37 

The preceding discussion provides a general indication of the likely impacts of the 38 
alternatives on recreational fishing.  It should, however, be noted that future changes in 39 
fish populations depend on multiple factors and programs, of which the proposed action 40 
is only one.  The actions proposed under Alternatives 2 and 3, No Action Alternative 1-41 



 
 
 
 
 
 

Social and Economic Environment Final EIS 
 

4-282

 Chapter 4 
Scenario 1, and Alternative 4 may not in and of themselves be sufficient to assure an 1 
increase in the fishery resource.  Many factors have contributed to the decline of the 2 
listed fish species in the Pacific Northwest.  As discussed above, habitat is one of the four 3 
factors believed to affect these fish.  The other three factors are hydropower, harvest, and 4 
hatcheries (Federal Caucus 1999) (subsection 4.8.4, Synthesis by Analysis Area).  The 5 
actions being considered in this document would affect habitat, but the overall future 6 
effects on covered species will also depend on the effects of other activities on habitat, as 7 
well as the effects of the other Hs.  As a result, improvements in fish populations 8 
projected under the action alternatives have a substantial degree of uncertainty associated 9 
with them.  Impacts to fish are discussed in detail in subsection 4.8 (Fish and Fish 10 
Habitat). 11 

Other recreation activities could also potentially benefit from the proposed action 12 
alternatives, with the maintenance of RMZs improving the overall quality of some 13 
recreation experiences, such as hiking and camping, as well as river-based activities, such 14 
as kayaking and rafting.  The quality of inland recreational fishing may also improve.  15 
These potential benefits depend largely on the perceptions of recreationists and an 16 
assumed preference for forested landscapes.  It is, however, possible that maintaining 17 
RMZs may in some cases reduce river access and result in a potential reduction in the 18 
quality of the recreation experience or the potential for lost recreation opportunities.  19 
These potential effects are discussed further in subsection 4.11 (Recreation).  It is 20 
reasonable to assume that these types of effects would occur under the action alternatives, 21 
with the magnitude of the effects likely to be greatest under Alternative 4.  Given the 22 
programmatic nature of this assessment and the potential for land conversion, it is not, 23 
however, possible to quantify their magnitude or assess these effects in terms of potential 24 
employment and income gains or losses. 25 

Commercial Fishing 26 
The commercial fishing industry accounted for 9,418 jobs in Washington in 2000, with 27 
the majority of these jobs associated with saltwater harvest, and salmon accounting for 28 
about one-third of the catch by value (U.S. Bureau of Economic Analysis 2004a; 29 
Washington DNR 2004c).  As discussed above with respect to recreation-related 30 
employment and income, it is not possible to quantify the potential effects of the 31 
alternatives on salmonid populations.  It is, however, possible to assess the potential 32 
direction of the effects and provide a general comparison between alternatives.  In 33 
summary, the potential for adverse habitat impacts associated with No Action Alternative 34 
1-Scenario 2 suggests that salmonid populations would likely decline over the long term 35 
under this alternative.  Habitat impacts under No Action Alternative 1-Scenario 1 are 36 
much less likely to result in reductions in salmonid populations compared to No Action 37 
Alternative 1-Scenario 2.  Alternative 3 would result in a slight improvement over No 38 
Action Alternative 1-Scenario 1, and Alternative 2 would likely result in long-term 39 
improvements.  Without land conversion, Alternative 4 would result in the highest 40 
likelihood of long-term improvements in habitat and salmonid numbers.   41 
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Effects on existing salmonid populations would likely affect the availability of salmonids 1 
for commercial harvest, which would, in turn, affect commercial fishing-related 2 
employment and income.  Again, as noted with respect to recreational fishing, the 3 
proposed action is only one of a number of factors that could potentially affect future fish 4 
populations.  As discussed above, habitat is one of the four factors believed to affect 5 
these fish.  The other three factors are hydropower, harvest, and hatcheries (Federal 6 
Caucus 1999) (subsection 4.8.4, Synthesis by Analysis Area).  The actions being 7 
considered in this document would affect habitat, but the overall future effects on covered 8 
species will also depend on the effects of other activities on habitat, as well as the effects 9 
of the other Hs.  As a result, improvements in fish populations projected under the action 10 
alternatives have a substantial degree of uncertainty associated with them.  Impacts to 11 
fish are discussed in detail in subsection 4.8 (Fish and Fish Habitat). 12 

4.14.2.3 Natural Amenities and Quality of Life 13 
Natural amenities and local quality of life have increasingly been recognized as important 14 
factors determining the economic prospects of many rural communities in the American 15 
West and elsewhere (Power 1996; Rasker 1993; Rudzitus and Johnson 2000).  While 16 
local amenities and quality of life do not directly generate income in the same sense as 17 
other factors such as a sawmill or tourist lodge, they do act to attract and keep residents.  18 
This, in turn, supports communities and their economies in several ways.  Many of these 19 
residents may earn a substantial proportion of their income from non-job related sources 20 
that are independent of local economic activity.  Non-job related sources of income 21 
include dividends, interest, and rent, as well as transfer payments from the government, 22 
which include retirement and unemployment benefits.  Much of this income will then be 23 
spent locally, resulting in additional employment and income in the community.  24 
Similarly, residents attracted to a region for its local amenities and quality of life may 25 
have occupations that are not dependent on local economic activity or constrained to one 26 
particular location.  These residents may also bring with them important skills and energy 27 
that constitute valuable assets for the community.  These types of residents may also 28 
serve to attract and retain businesses that are dependent on a skilled labor force, but are 29 
otherwise relatively footloose from a location standpoint. 30 

Although it is difficult to directly measure the importance of natural amenities in 31 
attracting and keeping residents, proximity to natural environments and the recreational 32 
activities they support are undeniably a benefit enjoyed by Washington residents.  It 33 
should be noted, however, that the atmosphere of a community also constitutes an 34 
important amenity, and this may often be linked to more traditional forms of economic 35 
activity, such as fishing or timber.  The size of a community may also significantly affect 36 
the local amenities available.  If a community is too small, it cannot provide many of the 37 
basic social and economic amenities many residents require, local natural amenities 38 
notwithstanding.   39 

The alternatives evaluated in this environmental analysis are programmatic, meaning that 40 
they establish direction for broad land areas rather than scheduling activities on specific 41 
parcels of land.  As a result, it is very hard to identify the impact of the different 42 
alternatives on local amenities and, further, on the economic activity these amenities 43 
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generate.  While the amount of protected acres would increase under the action 1 
alternatives, and under Alternative 4 in particular, relative to the No Action Alternative 2 
(Tables 4.11-1 and 4.11-2), it is difficult to predict whether these effects would be 3 
significant enough in themselves to result in measurable changes in economic activity.  4 
Although it is not possible to measure the incremental benefits associated with the action 5 
alternatives, the cumulative impact of the action alternatives combined with other 6 
planning initiatives over the coming decades, may have profound effects on local 7 
amenities, both natural and social (Chapter 5, Cumulative Effects).  Based on the amount 8 
of acres that would be protected in RMZs, the relative contribution of the action 9 
alternatives considered here is likely to be greatest under Alternative 4 (excluding land 10 
conversion), followed by Alternative 2, Alternative 3, and No Action Alternative 1-11 
Scenario 1, with the least relative contribution occurring under No Action Alternative 1-12 
Scenario 2.   13 

4.14.3 Non-Use and Ecosystem Service Values 14 
The preceding subsections address the potential effects of the alternatives on the 15 
economy and employment and primarily focus on activities that involve direct 16 
consumptive or non-consumptive use of forests or fish.  Consumptive uses are activities, 17 
such as timber management and fishing that involve resource harvest.  Non-consumptive 18 
uses are those that do not reduce the available stock of resources and include activities 19 
such as river rafting, bird watching, or amenity values.  The unique characteristics of 20 
some resources have, however, caused some economists to question whether this type of 21 
analysis incorporates all of a resource’s value.  The following subsections address two 22 
broad categories of value that are not dependent on direct use by humans: non-use or 23 
passive use values and ecosystem services.  24 

4.14.3.1 Non-Use Values 25 
Non-use values represent the value that individuals assign to a resource independent of 26 
their use of that resource.  These types of values, which include existence, option, and 27 
bequest values, are usually measured via surveys that ask people to state how much they 28 
would be willing to pay to preserve a particular area (Arrow et al. 1993).  These values 29 
represent the value that individuals obtain from knowing that a resource exists, knowing 30 
that it would be available to use in the future should they choose to do so, and knowing 31 
that it would be left for future generations to inherit.   32 

Endangered species preservation is well recognized as a potential source of non-use 33 
value.  Studies have also identified non-use values associated with the preservation of 34 
forested landscapes.  While these values are generally believed to exist, they are difficult 35 
to accurately measure.  One indication of the potential value of the fishery resource is 36 
provided by the cost benefit analysis prepared for the current Washington Forest 37 
Practices Rules (Perez-Garcia et al. 2001).  In this analysis, Perez-Garcia et al. (2001) 38 
applied the results of an earlier stated preference survey of Washington residents that was 39 
designed to estimate the non-use value of changes in fish populations for a full range of 40 
fish under a variety of conditions (Layton et al. 1999).   41 
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The Layton et al. (1999) survey was designed to value incremental changes in the various 1 
types of fish populations over time relative to baseline conditions.  This survey addressed 2 
both use and non-use values.  Uncertainty over future baseline conditions led the authors 3 
to use two different baselines in their survey.  The low baseline condition showed 4 
populations declining over the next 20 years at the same rate as the previous 20 years.  In 5 
the stable baseline condition, populations stabilized at current levels over the next 20 6 
years.  In the absence of projected fish returns, Perez-Garcia et al. (2001) assumed, in line 7 
with the Layton et al. (1999) study, that the forests and fish rule would result in a 5 8 
percent increase of fish populations over a 20-year study period.  Using a discount rate of 9 
5.8 percent and data from the Layton et al. (1999) study, Perez-Garcia et al. (2001) 10 
estimated that the net present value of this increase to Washington households would 11 
range from $7 billion to $10.3 billion.  It is reasonable to assume that this estimate would 12 
increase under Alternative 4.  Layton et al. (1999) estimated that a further 5 percent 13 
increase in fish populations (i.e., from 6 to 10 percent above the baseline) would be 14 
valued at $3 billion, with the value of each successive 5 percent increment decreasing.  15 

Forested landscapes have also been the subject of numerous non-use studies usually 16 
conducted for specific natural areas.  Often viewed in a wilderness context, willingness-17 
to-pay estimates for forest protection have identified a wide range of values (See Krieger 18 
2001 for a summary of studies).  At a general level, for example, Loomis and Richardson 19 
(2000) estimated annual willingness-to-pay values of $6.72 per acre for roadless area 20 
protection in the western United States based on two earlier studies of wilderness 21 
preservation.  In Washington State, a study measuring willingness-to-pay for different 22 
types of forest management found that urban residents were willing to pay $450 per 23 
household per year to restore biodiversity to a specified level.  Rural residents were 24 
willing to pay $225 to achieve the same level of biodiversity (Center for International 25 
Trade in Forest Products 1999). 26 

Examining the results of two case studies that addressed wilderness designation, Loomis 27 
(2000) noted two important trends.  First, willingness-to-pay per household increases 28 
with an increase in the number of acres proposed for wilderness protection, but at a 29 
decreasing rate.  Second, existence, option, and bequest values in both cases represented 30 
about half the total value of wilderness.  It seems likely that willingness-to-pay would be 31 
higher for forested wilderness areas than it would be for riparian buffers.  Areas are 32 
designated wilderness based on rigorous evaluation criteria and tend to be areas that 33 
represent unique and valuable resource areas.  Nevertheless, the values from other studies 34 
do provide some indication of the potential non-use value of forested landscapes.  These 35 
values would likely increase with the number of acres, but at a decreasing rate.  In terms 36 
of the proposed alternatives, and without land conversion, the value per household is 37 
likely to be highest for Alternative 4 followed by Alternative 2, Alternative 3, and No 38 
Action Alternative 1-Scenario 1, with the least value per household occurring under No 39 
Action Alternative 1-Scenario 2. 40 

4.14.3.2 Ecosystem Services 41 
Ecosystem services are those services and benefits provided by healthy ecosystems.  42 
Definitions of ecosystem services can be broad, including both use and non-use values 43 
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(Costanza et al. 1997; Krieger 2001; Morton 1999).  Some definitions include 1 
consumptive uses, such as logging, fishing, and hunting that can be considered market 2 
goods. Other types of ecosystem services provide what might be considered long-term 3 
life support benefits to society as a whole.  Examples of so-called “life-support benefits” 4 
that pertain to forests include water quantity and quality, soil stabilization and erosion 5 
control, improved air quality, climate regulation and carbon sequestration, and biological 6 
diversity (Krieger 2001).   7 

Economists have expressed concerns that ecosystem service values are not adequately 8 
considered in decision-making processes because they are not valued on a par with goods 9 
and services that are traded in commercial markets.  A number of methods have been 10 
used to assign monetary values to these types of services and include travel cost, hedonic 11 
pricing, and defensive expenditure approaches that use observed behavior to estimate 12 
values, as well as contingent valuation approaches that ask people what they would be 13 
willing to pay for an ecosystem service.  14 

Costanza et al. (1997) estimated that the total value of the services currently provided by 15 
the world’s ecosystems ranges from $16 trillion to $54 trillion per year, with an average 16 
value of $33 trillion.  Costanza et al.’s (1997) estimate involved the review and synthesis 17 
of a wide variety of existing studies and included estimates of recreation and cultural 18 
values, as well as more life-support-related services.  Many of the studies used in their 19 
synthesis were based directly or indirectly on estimates of willingness-to-pay.  20 

While the ecosystem service values associated with the proposed protection measures 21 
exist, they are very difficult to accurately quantify in monetary terms.  The values 22 
identified by Costanza et al. (1997), for example, which are based on a wide variety of 23 
data sources and aggregated on a global scale, allow useful rough estimates of magnitude 24 
at large scales, but they are not suitable for a detailed comparison of alternatives.  It is 25 
also difficult to quantify the effects of the alternatives on physical and biological 26 
resources in terms of unit values.  The fact that no monetary value is assigned to 27 
ecosystem services in this FEIS does not lessen their importance in the decision making 28 
process.  In terms of the proposed alternatives, and without land conversion, the value per 29 
household is likely to be highest for Alternative 4 followed by Alternative 2, Alternative 30 
3, and No Action Alternative 1-Scenario 1, with the least value per household likely 31 
occurring under No Action Alternative 1-Scenario 2. 32 

4.14.4 Environmental Justice 33 
Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 34 
Populations and Low-Income Populations, requires that Federal agencies identify and 35 
address disproportionately high and adverse environmental effects of its programs, 36 
policies, and activities on minority and low income populations.  The Order further 37 
stipulates that the agencies conduct their programs and activities in a manner that does 38 
not have the effect of excluding persons from participation in, denying persons the 39 
benefits of, or subjecting persons to discrimination because of their race, color, or 40 
national origin. 41 
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Assessing these potential issues initially involves identifying those minority and low 1 
income populations that have the potential to be disproportionately affected by the 2 
proposed action and alternatives.  This typically involves identifying low income and 3 
minority populations in the vicinity of the proposed action based on the percentage of the 4 
population below the poverty level or the percentage of the total population made up of 5 
minority groups.   6 

The alternatives evaluated in this environmental analysis are programmatic meaning that 7 
they establish direction for broad land areas rather than scheduling activities on specific 8 
parcels of land.  As a result, this assessment focuses on those groups that could be 9 
disproportionately affected at a programmatic level, primarily groups that would be 10 
affected by potential changes in salmonid populations, as well as loggers, mill workers, 11 
and others involved in timber harvest.   12 

4.14.4.1 Salmon 13 
Information compiled as part of the Puget Sound Chinook Harvest Resource 14 
Management Plan indicated that the majority of resident sport anglers in Washington 15 
State are White (NMFS 2004)  Data collected for 2001 found that 94 percent of 16 
Washington resident sport anglers were White (U.S. Fish and Wildlife and Census 17 
Bureau 2003).  NMFS (2004) also found, based on contacts with Federal and State 18 
agencies responsible for non-tribal commercial fisheries management, that there are no 19 
substantial aggregations of minority commercial fishermen in Washington, with the 20 
exception of American Indians.  Data from the 2000 census suggests that American 21 
Indians in Washington State are twice as likely to be employed in the agriculture, 22 
forestry, fishing, and hunting sector than the State population as a whole, with 4.8 percent 23 
of employed American Indians working in this sector compared to 2.4 percent of the 24 
statewide population (U.S. Census Bureau 2004).  This percentage varies by reservation 25 
with employment in the agriculture, forestry, fishing, and hunting sector accounting for 26 
more than 10 percent of employment on the Makah, Kalispel, Quileute, Quinault, and 27 
Skokomish Reservations, as well as the Squaxin Island, Yakama, and Nooksack 28 
Reservations and off-reservation trust lands (Table 4.14-3).   29 

In addition to being important for commercial harvest, salmon are also important 30 
traditional resources to all Washington Tribes. Bull trout are also important, particularly  31 
in watersheds outside the salmon’s historic range.  Salmon and bull trout are also 32 
important tribal subsistence resources (subsection 3.13, ArcheologicalArchaeological, 33 
Historical, Cultural and Indian Trust Resources).  The Tribes that entered into treaties 34 
with the United States during the nineteenth century, which includes 27 of the 31 35 
federally-recognized Tribes with cultural interests in Washington forests (Table 3-27), all 36 
retained the right to certain resources on ceded territories.  All treaties include the right to 37 
fish in usual and accustomed grounds and places in common with other citizens and to 38 
hunt and gather roots and berries on open and unclaimed land. 39 

The alternatives have the potential to affect Washington’s Tribes by affecting the 40 
availability of salmonid species.  While there are no provisions in Washington Forest 41 
Practices Rules and the proposed alternatives that affect future tribal harvest any  42 
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Table 4.14-3. Tribal Employment by Industry, 2000.1/ 1 

Agriculture, Forestry, 
Fishing, and Hunting Wood Products 

State/Reservation 

Total 
Employ-

ment 
Number of 

Jobs 
Percent of 
Total (%)

Number of 
Jobs 

Percent of 
Total (%)

Washington 2,793,722 66,471 2.4 21,760 0.8
Tribal Employment 

Tribal Total 26,800 1,273 4.8 472 1.8
Chehalis Reservation 116 2 1.7 0 0.0
Colville Reservation and O-R TL 1,297 110 8.5 67 5.2
Kalispel Reservation 43 7 16.3 0 0.0
Lower Elwha Reservation and O-R TL 63 6 9.5 1 1.6
Lummi Reservation 553 34 6.1 3 0.5
Makah Reservation 323 74 22.9 0 0.0
Muckleshoot Reservation and O-R TL 287 10 3.5 0 0.0
Nisqually Reservation 125 7 5.6 0 0.0
Nooksack Reservation and O-R TL 119 12 10.1 8 6.7
Port Gamble Reservation 166 12 7.2 0 0.0
Port Madison Reservation 174 11 6.3 3 1.7
Puyallup Reservation and O-R TL 397 11 2.8 0 0.0
Quileute Reservation 93 13 14.0 2 2.2
Quinault Reservation 326 37 11.3 3 0.9
Skokomish Reservation 123 15 12.2 2 1.6
Spokane Reservation 413 33 8.0 2 0.5
Squaxin Island Reservation and O-R TL 80 9 11.3 0 0.0
Swinomish Reservation 159 6 3.8 2 1.3
Tulalip Reservation 553 45 8.1 2 0.4
Upper Skagit Reservation 37 5 13.5 4 10.8
Yakama Reservation and O-R TL 1,735 195 11.2 81 4.7
O-R TL = Off-Reservation Trust Land 
1/ These data were compiled from the Census 2000 American Indian and Alaska Native Summary File 

(AIANSF) - Sample Data.  They were collected as part of the 2000 census and are not directly 
comparable with the other types of employment data summarized in Chapter 3 (Affected 
Environment).   

Source:  U.S. Census Bureau 2000. 

differently than they affect other types of harvest, the potential exists for American 2 
Indians to be disproportionately impacted.  This potential is due to the relatively 3 
important role that commercial fishing plays in tribal economies, as well as the 4 
significance of salmon and bull trout for ceremonial and subsistence purposes. 5 

In summary, without land conversion, habitat impacts under No Action Alternative 1-6 
Scenario 1 are much less likely to result in reductions in salmonid populations compared 7 
to No Action Alternative 1-Scenario 2.  Alternative 3 would result in a slight 8 
improvement over No Action Alternative 1-Scenario 1, and Alternative 2 would likely 9 
result in long-term improvements.  Without land conversion, Alternative 4 would result 10 
in the highest likelihood of long-term improvements in habitat and salmonid numbers.  11 
Impacts to fish are discussed in detail in subsection 4.8 (Fish and Fish Habitat).   12 

Effects on existing salmonid populations would likely affect the availability of salmonids 13 
for tribal harvest, including traditional, subsistence, and commercial uses.  The proposed 14 
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action is only one of a number of factors that could potentially affect future fish 1 
populations.  Habitat is one of the four factors believed to affect fish and especially 2 
salmonid populations.  The other three factors are hydropower, harvest, and hatcheries 3 
(Federal Caucus 1999).  The actions being considered in this document would affect 4 
habitat, but the overall future effects on covered species will also depend on the effects of 5 
other activities on habitat, as well as the effects of the other three factors.  As a result, 6 
improvements in fish populations projected under the action alternatives have a 7 
substantial degree of uncertainty associated with them.  Access to traditional places and 8 
usual and accustomed use areas would be similarly affected by the alternatives with No 9 
Action Alternative 1-Scenario 2 having the largest potential impact and Alternative 4 the 10 
least. 11 

4.14.4.2 Wood Products 12 
Logging employment data are included in the agriculture, forestry, fishing, and hunting 13 
sector discussed above.  These data suggest, as noted above, that American Indians are 14 
twice as likely to be employed in this sector as the State population as a whole.  Data 15 
from the 2000 census also indicate that American Indians are slightly more than twice as 16 
likely to be employed in the wood products sector than the State population as a whole 17 
(1.8 percent versus 0.8 percent) (U.S. Census Bureau 2000).  This percentage also varied 18 
by reservation, ranging from 0 percent of total employment on eight American Indian 19 
Reservations in Washington to around 5 percent and above on the Yakama (4.7 percent), 20 
Nooksack (6.7 percent), and Colville (5.2 percent) Reservations and off-reservation trust 21 
lands, and 10.8 percent on the Upper Skagit Reservation (Table 4.14-3).   22 

While these data suggest that American Indians could be disproportionately affected by 23 
reductions in State and private timber harvest, it should be noted that much of this 24 
employment is likely related to tribal timber harvest activities that would not be affected 25 
by the proposed alternatives.  Harvest on tribal lands comprised approximately 9 percent 26 
of total harvest in Washington State in 2002 (Table 3-3).   27 

The potential effects of the proposed action on economic and social structures in rural 28 
areas were identified as a potential environmental justice issue during public scoping for 29 
this project.  The rationale expressed for this concern was that many low income and 30 
minority populations reside in and around forested lands and depend on these lands for 31 
their livelihood.  As noted above, the proposed action is programmatic in nature and it is 32 
not possible to quantify the potential impacts of the alternatives on specific geographic 33 
locations or communities. 34 

Viewed in terms of economic impacts, potential reductions in harvest associated with 35 
increased buffers or, alternatively, a failure to obtain take authorization would tend to 36 
disproportionately affect those individuals directly employed in the wood products 37 
industry.  Potential reductions would also have indirect and induced employment and 38 
income impacts.  Indirect impacts would occur in industries that support the wood 39 
products sector.  Induced impacts would occur in those industries that benefit from local 40 
expenditures of wood products-related income.  Direct and indirect impacts would tend to 41 
affect workers who are relatively well paid, but the overall effect of reduced employment 42 
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and income could have negative effects on communities that are considered timber-1 
dependent and may already have relatively high unemployment and poverty rates.  2 
Subsection 4.14.2.1 (Lumber and Wood Products) provides a general overview of 3 
potential employment effects by county. 4 

4.14.4.3 Participation 5 
The Services published a Notice of Intent to prepare a Draft EIS in the Federal Register 6 
on March 17, 2003 (U.S. Federal Register, Vol. 68, No. 51, March 17, 2003, pages 7 
12676-12678).  Public scoping meetings were held in Tacoma, Port Angeles, Spokane, 8 
and Ellensburg.  The scoping meetings were intended to gain input from the affected 9 
public and to identify local concerns with the proposed action, as well as to provide 10 
members of the public with information about the project.  In accordance with the 11 
requirements of Executive Order 12898 and the required operating practices of the 12 
Services, the scoping process was open to all public members who wished to participate 13 
regardless of their race, color, and national origin. 14 
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5.1 INTRODUCTION 15 

The National Environmental Policy Act (NEPA) defines cumulative effects as “the 16 
impact on the environment which results from the incremental impact of the action when 17 
added to other past, present, and reasonably foreseeable future actions, regardless of what 18 
agency (Federal or non-Federal) or person undertakes such other actions” (40 19 
CFR1508.7).  This chapter presents an analysis of the cumulative effects (negative or 20 
beneficial) of the alternatives, including No Action, on the environment in the context of 21 
other local, State, tribal, and Federal management activities in the State of Washington.  22 

The substantive scope of this cumulative effects analysis for future effects is predicated 23 
on a review of statutes, regulations, plans, and programs that may interact with the 24 
Washington Forest Practices Rules and/or pertain to forest environments, and that may 25 
have a direct or indirect effect on aquatic resources.  These statutes, regulations, plans, 26 
and programs are described in subsection 5.2.2 (Statutes, Regulations, Plans, and 27 
Programs).  Due to the large geographic scope of the analysis area, it is not feasible to 28 
analyze all habitat-specific activities that are occurring, have occurred in the past, or that 29 
will occur in the future in a quantitative manner.  Past actions are discussed for each 30 
resource and are assumed to have developed the current and existing conditions for each 31 
resource.  By reviewing applicable statutes, regulations, plans, and programs the analysis 32 
captures the intent of management activities that are occurring or are planned to occur in 33 
the future that may interface with aquatic resources on lands regulated by the Washington 34 
Forest Practices Rules.  This review is based on the environmental objectives of each 35 
applicable statute, regulation, plan, and program.  It is assumed that no management 36 
activity is occurring or would occur outside of an implemented statute, regulation, plan, 37 
or program at the Federal, tribal, State, or local level.  Although the analysis is 38 
necessarily qualitative, it provides a thorough review of other activities within the region 39 
that, when combined with the alternatives considered in this Final Environmental Impact 40 
Statement (FEIS), could have a negative or beneficial effect on aquatic resources. 41 
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The chapter begins with a description of the context for the cumulative effects analysis; 1 
first providing an overview of land management and use within the State, then describing 2 
the statutes, regulations, plans, and programs with potential cumulative effects 3 
implications (for Federal, State, and local programs).  The discussion of cumulative 4 
effects is grouped into the following categories: 5 
• Air Quality 6 
• Land Ownership and Use 7 
• Aquatic Resources 8 
• Vegetation and Wildlife 9 
• Social, Economic, and Cultural Issues 10 

5.2 CONTEXT FOR ANALYSIS 11 
The analysis area for the project is the entire State of Washington, which contains 12 
approximately 43 million acres.  The HCP covered lands are described in Appendix A 13 
(Regional Summaries) and Chapter 3 (Affected Environment).  Subsection 5.2.1 (Land 14 
Ownership and Past and Present Land Uses) provides context for the cumulative effects 15 
analysis by summarizing the present ownership of lands in the State, as well as the past 16 
and present uses of these lands.  Subsection 5.2.2 (Statutes, Regulations, Plans, and 17 
Programs) provides further context by summarizing other ongoing and reasonably 18 
foreseeable future actions as statutes, regulations, plans, and programs.  Additional 19 
actions and other programs that are relevant to the cumulative effects analysis of a 20 
specific resource area are identified in Section 5.3 (Analysis of Cumulative Effects) as 21 
appropriate.  22 

5.2.1 Land Ownership and Past and Present Land Uses  23 
Land ownership and use is extremely varied within the State and is described in 24 
subsection 3.2 (Land Ownership and Use).  This subsection provides a general overview 25 
as context for the reader.  It also summarizes land uses from an historical perspective.  26 
Subsection 3.2 should be referred to for further discussion, but many other subsections of 27 
Chapter 3 (Affected Environment) include descriptions of past land use practices and 28 
their resulting effects on present conditions (e.g., subsection 3.4.2.3, History of Forest 29 
Practices Affecting Erosion and Sedimentation; subsection 3.7.1.6, Historic Protection of 30 
Riparian Areas; and subsection 3.7.2.53, Historic and /Current Conditions of Wetlands 31 
Protection).  Also, DEIS Appendix A (Regional Summaries) describes current conditions 32 
by analysis region, which represents the effects of past land use practices.  These current 33 
conditions represent the environmental baseline for the impacts assessment. 34 

5.2.1.1 Land Ownership  35 
As discussed in subsection 3.2.1 (Introduction), Federal lands cover about 30 percent of 36 
the State and are dominant in the mountainous regions (Table 3-1).  Slightly over one-37 
third of the Federal land (11 percent of the State) is in a highly protected management 38 
status, such as wildernesses, national parks, and wildlife refuges.  The majority of the 39 
remaining Federal land is in national forests outside of wilderness; a large portion of 40 
these National Forest lands are managed under a protected status identified by the 41 
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Northwest Forest Plan (USDA Forest Service and USDI Bureau of Land Management 1 
1994) (subsection 5.2.1.2, Past and Present Land Uses).  State lands cover about 10 2 
percent of Washington.  The vast majority of these lands (about 8 percent of the State) 3 
are managed by Washington DNR.  Most of the remainder is in State Wildlife Areas and 4 
State Parks.  Counties and cities own less than 1 percent of the State, and tribal lands 5 
cover about 7 percent.  The remaining 53 percent of the lands are in private ownership. 6 

In western Washington, Federal lands comprise 354 percent of the area.  Over half of this 7 
area (18 percent of western Washington) consists of Federal lands with a highly protected 8 
management status (i.e., wildernesses, national parks, and wildlife refuges).  The majority 9 
of the remaining Federal land is in national forests outside of wilderness; a large portion 10 
of these National Forest System lands are managed under a protected status identified by 11 
the Northwest Forest Plan (USDA Forest Service and USDI Bureau of Land Management 12 
1994) (subsection 5.2.1.2, Past and Present Land Uses).  State lands comprise about 12 13 
percent of western Washington, and Washington DNR manages the vast majority of these 14 
lands (about 11 percent of the westside).  Counties and cities own about 1 percent, and 15 
tribal lands comprise about 2 percent of western Washington.  Private lands make up the 16 
remaining 50 percent of westside lands. 17 

About 27 percent of eastern Washington lands are in Federal ownership.  About one-18 
quarter of these lands (7 percent of the eastside) is comprised of Federal lands with a 19 
highly protected management status (i.e., wildernesses, national parks, and wildlife 20 
refuges).  The majority of the remaining Federal land is in national forests outside of 21 
wilderness.  State lands comprise about 9 percent of the eastside of the State, and 22 
Washington DNR manages the vast majority of these lands (about 7 percent of eastern 23 
Washington).  Counties and cities own much less than 1 percent of the lands.  Tribal 24 
lands (primarily the Yakama, Colville, and Spokane Indian Reservations) comprise 10 25 
percent of the eastside land area, and private lands make up 55 percent of eastern 26 
Washington lands. 27 

5.2.1.2 Past and Present Land Uses 28 
Washington State has a highly varied history of land development and use, but the major 29 
factors influencing present conditions have occurred in the past 100 years.  Major factors 30 
have included conversion of lands to urban and industrial developments; diking, 31 
channelizing, hydropower development, and water withdrawals along rivers; conversion 32 
of lands to agriculture; forest management and associated road development; 33 
development of highways and road systems throughout the State; and mining activities.  34 
This development has produced the present distribution of land cover types in the State 35 
(Table 3-2), with major differences among regions of the State and between the west and 36 
eastsides.  Descriptions of the historic development in the State are presented by analysis 37 
region in DEIS Appendix A.  The information contained in these regional summaries has 38 
been considered throughout this cumulative effects analysis.  39 

In western Washington, 83 percent of the land is presently forested, agricultural lands make 40 
up 5 percent, urban-industrial lands make up 4 percent, and the remaining 8 percent are 41 
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comprised of water and wetlands, ice/snow and bare rock, shrubland, and grassland.  Most 1 
of the development has occurred along Puget Sound and along the major river systems.   2 

In contrast, eastern Washington is 36 percent forested; 26 percent agricultural; 35 percent 3 
shrubland and grassland; 1 percent urban-industrial; and the remaining 3 percent water, 4 
wetlands, ice/snow, and bare rock.  Major hydroelectric and irrigation developments 5 
along the Columbia River system have resulted in the greatest change in eastern 6 
Washington, particularly in non-forested areas.  7 

Development and land use in Washington State has been heavily affected by the 8 
distribution and size of the human population, and the human population is expected to 9 
continue growing at a rapid rate (subsection 3.14, Social and Economic Environment).  10 
The State’s population grew by 21 percent from 1990 to 2000 and is projected to 11 
continue to grow at a fairly rapid rate over the next 20 years (Washington Office of 12 
Financial Management 2004).  Increasing population will increase urban and industrial 13 
development and result in continued conversion of forestland to other types of land use. 14 

The present ownership and management of Washington’s forestlands are summarized in 15 
Table 3-3.  This table shows that 32 percent of the forestlands in western Washington are 16 
in Federal or State protected status lands that are not primarily managed for timber 17 
production.  This includes lands that are in wildernesses, national and State parks, and 18 
wildlife refuges, but also includes lands set aside by the Northwest Forest Plan in late 19 
successional reserves and adaptive management areas (See below) (USDA Forest Service 20 
and USDI Bureau of Land Management 1994).  About 7 percent of the westside 21 
forestlands are in other Federal or tribal ownerships.  The remaining 62 percent of the 22 
westside forests are subject to Washington Forest Practices Rules and consist of State 23 
lands (13 percent), private lands (47 percent), and county and city lands (less than 2 24 
percent).  Many of these lands that are subject to the Washington Forest Practices Rules 25 
are also managed under a Habitat Conservation Plan (HCP) agreement under the 26 
Endangered Species Act that restricts forest management activities.  For example, most of 27 
the State forestlands in western Washington are managed under the State Trust Lands 28 
HCP (12 percent of the westside forests) (Washington DNR 1997d), and a portion of the 29 
private lands (3 percent of westside forests) and city/county lands (1 percent of westside 30 
forests) are managed under individual HCPs (subsection 5.2.2.3, Local Statutes and 31 
Regulations and Local and Private Plans and Programs) (Table 5-1).  As a result, of the 32 
62 percent of westside forests subject to Washington Forest Practices Rules, almost one-33 
quarter of them (15 percent of westside forests) are covered under existing HCPs.  Figure 34 
5-1 gives a statewide view of the forestlands in Washington, along with broad categories 35 
of preservation protection and conservation.  36 
In eastern Washington, about 24 percent of all forestlands are in Federal or State 37 
protected status that is not primarily managed for timber production.  About 43 percent of 38 
the eastside forests are in other Federal or tribal ownerships.  The remaining 34 percent of 39 
the eastside forests are subject to Washington Forest Practices Rules and consist of State 40 
lands (7 percent), private lands (26 percent), and a very small amount of city/county lands 41 
(much less than 1 percent).  Of the 34 percent of eastside forests subject to Washington  42 
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Table 5-1. Habitat Conservation Plans in Washington State (as of June 1, 2004). 1 

Name Species 
Approximate 
Start Date1/ Status Acres2/ 

West Fork Timber 3/ Spotted Owl 1992 Completed 1993 53,500 
West Fork Timber All Species 1994 Completed 1995 53,500 
Scofield Spotted Owl 1996 Completed 1996 4/ 40 
Plum Creek (Cascades) All Vertebrates 1993 Completed 1996 170,000 
Port Blakely (Robert B. Eddy) All Species 1994 Completed 1996 7,500 
Washington DNR All Species 1993 Completed 1997 1,600,000 
Seattle Public Utilities Multiple Species 1994 Completed 2000 91,000 
Green Diamond Resource Company5/ Multiple Species 1997 Completed 2000 262,000 
Tacoma Water Multiple Species 1997 Completed 2001 15,000 
Boise Cascade Spotted Owl 2001 Completed 2001 620 
Day Break Mine (Storehdahl) Aquatic Species 1999 Completed 2004 300 

1/   Start dates are approximate.  Applicants often prepare in advance of initiating active involvement with the Services. 2 
2/  Acres presented here are rounded from acres reported in the original HCP documents.  In some cases, lands have been added to or 3 

subtracted from that reported in the original documents and actual acres managed presently under the HCPs may be slightly different. 4 
3/  Previously known as the Murray-Pacific Corporation, name was changed to the original company name. 5 
4/  The original documents were completed in 1996.  However, unlike the other completed HCPs, this resulted in a short-term (1 year) 6 

permit, which has since expired.  The mitigation continues in the form of a perpetual deed restriction. 7 
5/  Previously known as the Simpson Resource Company. 8 
Source:  USFWS 2004a.   9 

Forest Practices Rules, about 10 percent (3 percent of eastside forests) are covered under 10 
existing HCPs (Figure 5-1).   11 

The present condition of most forestlands and associated riparian areas in Washington 12 
State is a function of historic timber harvest, associated road construction activities, and 13 
many other activities (See above).  These activities have occurred over a period of more 14 
than 100 years, during which there were few environmental restrictions.  Prior to the 15 
adoption of the Washington Forest Practices Act in 1974, there were no rules or 16 
regulations that protected public resources from the impacts of forest practices activities 17 
on State and private forestlands.  The Washington Forest Practices Rules have become 18 
more restrictive ever since, culminating with the current Washington Forests Practices 19 
Rules adopted in 2001.  In part, changes to the rules have been due to an evolving 20 
understanding of the scientific underpinnings associated with public resource protection.  21 
Also, in an effort to increase protection of the environment, public interest groups have 22 
identified areas for improvement in resource protection.  23 

As a result of timber harvest and other activities during the periods with less restrictive 24 
regulations, the condition of riparian areas on State and private lands is now dominated by 25 
early and mid-seral vegetation (subsection 3.7.1.7, Current Condition of Riparian Areas).  26 
Similarly, as a result of extensive road development and harvest on unstable slopes, 27 
sediment-related impacts have occurred in many watersheds (subsection 3.4.2.3, History 28 
of Forest Practices Affecting Erosion and Sedimentation).  In addition, many other land 29 
uses discussed above have added to adverse impacts that have occurred due to past 30 
actions.  Although the sources of many of these problems have been corrected, many 31 
riparian areas and stream systems on forestlands have not yet fully recovered from forest 32 
practices conducted prior to the 1974 Washington Forest Practices Act.  Some resources, 33 
such as large woody debris (LWD), may require many additional decades to fully recover. 34 
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Figure 5-1. Forestlands in Washington State by Broad Protection/Conservation Category. 
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5.2.2 Statutes, Regulations, Plans, and Programs 1 
This subsection presents a summary of the statutes, regulations, plans, and programs with 2 
cumulative effects implications for the proposed action and the alternatives.  The focus of 3 
this review is on the environmental objectives of each applicable statue, regulation, plan, 4 
and program recognizing that more improvements are needed for these programs to reach 5 
full compliance.  Federal, State, and local government statutes, regulations, plans, and 6 
programs may interact with the Washington Forest Practices Rules under all of the 7 
alternatives; working together to cumulatively affect species and their habitat, in either a 8 
positive or negative manner. 9 

These statutes, regulations, plans, and programs are considered and factored into the 10 
effects analysis in subsection 5.3 (Analysis of Cumulative Effects).  Following is a brief 11 
summary of those statutes, regulations, plans, and programs most relevant to forest 12 
practices activities.  Others are discussed in subsection 5.3, as appropriate. 13 

5.2.2.1 Federal Statutes, Regulations, Plans, and Programs 14 
Endangered Species Act 15 
The Endangered Species Act (ESA) was passed in 1973 and is intended to protect and 16 
conserve species listed as endangered or threatened and conserve the habitats upon which 17 
they depend.  Furthermore, the ESA mandates that all Federal agencies seek to conserve 18 
endangered and threatened species and use their resources and authorities to further such 19 
purposes.  See subsection 1.5.1.1 (Endangered Species Act) for a description of the ESA 20 
and the sections of the Act related to this project.  Of particular note here is Section 10 of 21 
the ESA.  This section allows the Services to issue an Incidental Take Permit (ITP), 22 
which authorizes the take of listed species by non-Federal entities.  To obtain an ITP, 23 
applicants must manage their lands under an approved HCP.  The approved HCPs in 24 
Washington are discussed in subsection 5.2.2.2 (State Statutes, Regulations, Plans, and 25 
Programs) and 5.2.2.3 (Local Statutes and Regulations and Local and Private Plans and 26 
Programs). 27 

The 1982 and 1988 amendments to the ESA require that recovery plans be developed and 28 
implemented to promote the conservation of listed species.  Recovery plans have been 29 
developed for some threatened and endangered species in Washington.  These are 30 
discussed in subsection 5.3 (Analysis of Cumulative Effects), where appropriate. 31 

Specific forest practices conducted on or near critical habitat of State-designated 32 
threatened and endangered species are considered Class IV Special forest practices and 33 
must comply with the State Environmental Policy Act (SEPA) as well as other species 34 
specific protection measures listed in WAC 222-16-080.  35 

Cumulatively, the proposed action and the ESA objectives would continue to protect 36 
listed species in the State of Washington through compatible resource management.  37 
Cumulatively, the proposed action and the ESA would continue to improve conditions for 38 
listed species across the analysis area, as compared to current conditions and past 39 
impacts, through compatible resource management goals.  As stated above, the objectives 40 
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of the ESA are to protect and conserve species listed as endangered or threatened and to 1 
conserve the habitats upon which they depend. Implementation of the proposed action 2 
would be consistent with these objectives by furthering habitat protections on forestlands 3 
regulated by the Forest Practices Act in the State of Washington.  This would be 4 
accomplished through measures aimed at protecting riparian and aquatic habitats such as 5 
Riparian Management Zones (RMZs), no-harvest buffers around unstable slopes, and 6 
implementation of road maintenance and abandonment plans.  Cumulatively, both No 7 
Action Alternative scenarios, Alternative 3, and Alternative 4 would notnone of the 8 
alternatives would contribute as effectively as Alternative 2 to ESA objectives of 9 
protecting listed species.  The reasons for this lower level of effectiveness include lack of 10 
regulatory assurances (No Action Alternative scenarios 1 and 2), likely reduced support 11 
and funding for adaptive management and potential increases in forestland conversion as 12 
a result of reduced regulatory assurances (Alternative 3), and requirements for wide 13 
riparian buffers that would be economically prohibitive for some landowners to maintain 14 
(Alternative 4). 15 

Clean Water Act 16 
The Clean Water Act (33 U.S.C. 1251), under the jurisdiction of administered by the 17 
Environmental Protection Agency (EPA) and the U.S. Army Corps of Engineers, was 18 
enacted in 1972 and is the cornerstone of surface water quality protection in the United 19 
States.  The U.S. Army Corps of Engineers is responsible for administering Section 404 20 
of the Clean Water Act, which addresses permits for the discharge of dredge and/or fill 21 
material into waters of the United States, including wetlands; although, the EPA has 22 
authority to veto any U.S. Army Corps of Engineers permit.  The EPA is responsible for 23 
administering Section 402 of the Act, which regulates point sources that discharge 24 
pollutants into waters of the United States.  The statute employs a variety of regulatory 25 
and non-regulatory tools to reduce direct pollutant discharges into waterways, manage 26 
polluted runoff, and finance municipal wastewater treatment facilities and non-point 27 
source pollution control activities.  These tools are employed to achieve the broader goal 28 
of restoring and maintaining the chemical, physical, and biological integrity of the 29 
Nation’s waters so that they can support “the protection and propagation of fish, shellfish, 30 
and wildlife and recreation in and on the water.”   31 

For many yearsInitially, the Clean Water Act’s focus was mainly on restoring and 32 
maintaining the chemical integrity of water bodies; however, the Act is now administered 33 
by the EPA and U.S. Army Corps of Engineers to address the overall chemical, physical, 34 
and biological integrity of our nation’s waters.  During the last decade, however, more 35 
attention has been given to water’s physical and biological integrity.  Evolution of Clean 36 
Water Act programs has also included a shift from a program-by-program, source-by-37 
source, pollutant-by-pollutant approach to more holistic watershed-based strategies in 38 
which equal emphasis is placed on protecting healthy waters and restoring impaired ones.  39 
The Washington Department of Ecology (Ecology) is the agency responsible for carrying 40 
out the State’s regulatory provisions of the Clean Water Act (See subsection 5.2.2.2, 41 
Washington Department of Ecology Water Quality Plans and Programs, for further 42 
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elaboration on the Clean Water Act and how it interacts with the Washington Forest 1 
Practices Rules). 2 

Cumulatively, the proposed action and the strategies of the Clean Water Act would 3 
continue to protect listed species in the State of Washington through compatible resource 4 
management.  Cumulatively, the proposed action and the strategies of the Clean Water 5 
Act would continue to improve conditions for listed species across the analysis area, as 6 
compared to current conditions and past impacts, through compatible resource 7 
management goals.  As stated above, the strategies of the Clean Water Act are to protect 8 
healthy waters and restore impaired ones.  Implementation of the proposed action would 9 
be consistent with these strategies by protecting and restoring aquatic resources on 10 
forestlands regulated by the Washington Forest Practices Act.  This would be 11 
accomplished through measures aimed at protecting riparian habitat and aquatic resources 12 
such as RMZs, no-harvest buffers around unstable slopes, and implementation of road 13 
maintenance and abandonment plans.  Consistent with the Ecology’s policy guidance for 14 
Section 303(d) listings, the proposed action would also employ adaptive management as 15 
a primary component to reduce scientific uncertainty and to determine the effectiveness 16 
of the protection measures (Washington Department of Ecology 2002d).  Cumulatively, 17 
both No Action Alternative scenarios, Alternative 3, and Alternative 4 would notnone of 18 
the alternatives would contribute as effectively as Alternative 2 to Clean Water Act 19 
strategies that protect listed species.  The reasons for this lower level of effectiveness 20 
include lack of regulatory assurances (No Action Alternative scenarios 1 and 2), likely 21 
reduced support and funding for adaptive management and potential increases in 22 
forestland conversion as a result of reduced regulatory assurances (Alternative 3), and 23 
requirements for wide riparian buffers that would be economically prohibitive for some 24 
landowners to maintain (Alternative 4). 25 

National Historic Preservation Act 26 
The National Historic Preservation Act (NHPA) was passed in 1966.  The goal of the 27 
NHPA is for Federal agencies to act as responsible stewards of our Nation’s resources 28 
when their actions affect historic properties.  The NHPA established the Advisory 29 
Council on Historic Preservation as the entity with the legal responsibility to encourage 30 
Federal agencies to factor historic preservation into Federal project requirements.  31 
Section 106 of the NHPA requires Federal agencies to take into account the effects of 32 
their undertakings on historic properties, and afford the Advisory Council on Historic 33 
Preservation a reasonable opportunity to comment.  The historic preservation review 34 
process mandated by Section 106 is outlined in regulations issued by the Advisory 35 
Council on Historic Preservation (Protection of Historic Properties [36 CFR Part 800]). 36 

As defined in the U.S. Department of Interior regulations, “undertaking” means a project, 37 
activity, or program funded in whole or in part under the direct or indirect jurisdiction of 38 
a Federal agency, including those carried out by or on behalf of a Federal agency; those 39 
carried out with Federal financial assistance; or those requiring a Federal permit, license 40 
or approval.  The issuance of a permit for an HCP is generally considered by the Services 41 
to be an undertaking subject to compliance with Section 106 of the NHPA, although each 42 
HCP is unique and may or may not have an affect on historic properties.  Consultation 43 
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with the tribes and the public is emphasized, while consultation with the State Historical 1 
Preservation Officer is required.  Section 106 review requires that agencies:  1) determine 2 
if their action is an undertaking; 2) if so, gather information to determine if any cultural 3 
or historic properties within the area of potential effect are eligible for the National 4 
Register of Historic Places; 3) determine how historic properties might be affected; 4) 5 
explore alternatives to avoid or reduce harm to historic properties; and 5) reach 6 
agreement with the State Historic Preservation Officer and tribes affected by the action 7 
on measures to address any adverse effects. 8 

The Services will comply with Section 106 of the NHPA by making a determination 9 
whether or not the proposed Federal action is an undertaking, as previously defined, and, 10 
if so, whether the proposed action has the potential to cause effects on historic properties, 11 
(i.e., change the characteristics of historic properties).  The Federal review will focus on 12 
the proposed action of issuing a permit or approval for activities conducted according to 13 
requirements of the Washington Forest Practices Rules.  Thus, the Services’ NHPA 14 
Section 106 compliance responsibilities will be the same for all of the Action 15 
Alternatives. 16 

Cumulatively, the proposed action and the National Historic Preservation Act would 17 
continue to protect listed species in the State of Washington through compatible resource 18 
management.  Cumulatively, the proposed action and the NHPA would continue to 19 
improve conditions for listed species across the analysis area, as compared to current 20 
conditions and past impacts, through compatible resource management goals.  As stated 21 
above, the goal of the National Historic Preservation Act NHPA is to serve as responsible 22 
stewards of our Nation’s historic resources when management actions could affect these 23 
resources.  Implementation of the proposed action would be consistent with this goal by 24 
furthering protection of sensitive sites and riparian areas on forestlands regulated by the 25 
Washington Forest Practices Act.  These areas are where cultural and historic resources 26 
are often found.  Further, forest landowners and many tribes in Washington have agreed 27 
to voluntary procedures, via the collaborative Forest and Fish Report (FFR) process, for 28 
identifying and protecting historic and cultural resources beyond what is required by 29 
State regulation.  Cumulatively, both No Action Alternative scenarios, Alternative 3, and 30 
Alternative 4 would notnone of the alternatives would contribute as effectively as 31 
Alternative 2 to NHPA strategies that protect listed species.  The reasons for this lower 32 
level of effectiveness include lack of regulatory assurances (No Action Alternative 33 
scenarios 1 and 2), likely reduced support and funding for adaptive management and 34 
potential increases in forestland conversion as a result of reduced regulatory assurances 35 
(Alternative 3), and requirements for wide riparian buffers that would be economically 36 
prohibitive for some landowners to maintain (Alternative 4). 37 

The Pacific Northwest Electric Power Planning and Conservation Act 38 
This Act passed by Congress in 1980 includes a compact of interstate agencies of Idaho, 39 
Montana, Oregon, and Washington directing the Northwest Power and Conservation 40 
Council (previously known as the Northwest Power Planning Council) to “protect, 41 
mitigate, and enhance fish and wildlife habitat, including related spawning habitat on the 42 
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Columbia River and its tributaries affected by the development, operation, and 1 
management of [hydroelectric projects] while assuring the Pacific Northwest an 2 
adequate, effective, economical, and reliable power supply.” The Council is primarily a 3 
planning, policymaking, and review body for implementation of actions taken by Federal 4 
agencies relating to Federal hydropower in the Columbia River Basin.   5 

Part of the Northwest Power and Conservation Council tasks include development of the 6 
Columbia River Basin Fish and Wildlife Program, which establishes goals, objectives, 7 
and mitigation relative to Federal hydroelectric and water storage projects in the basin.  8 
These directions have resulted in improvements to fish passage facilities on Federal 9 
mainstem dams on the Columbia River and its tributaries. Additionally under this 10 
program, habitat for both fish and wildlife has been and continue to be purchased and 11 
improved.  This has included restoration of streams in forested regions along the 12 
Columbia River tributaries.   13 

Currently there is a planning process that will result in development of a subbasin plan 14 
for each of the 50 subbasins in the Columbia River system, which would include 15 
recommendations for actions that should be taken in each of these subbasins to improve 16 
conditions for fish and wildlife.  Results of these subbasin plans will help direct where 17 
Federal monies will be spent to enhance environmental conditions.  These actions will 18 
have effects in all Columbia River subbasins, which will benefit fish in all of the 19 
Columbia River basins affected by the Washington Forest Practices Rules.  This would 20 
include improvements in up to 6 of the 12 analysis regions.  The specific details in each 21 
will vary but could include: wildlife habitat or streamside land purchases, instream 22 
structural enhancements, increased diversion screening for fish protection, improved 23 
water supply and improved water quality conditions, and improved hatchery management 24 
for the benefit of wild listed stocks.  Additionally, funding would be supplied for research 25 
to determine the effects of actions taken in the subbasins. 26 

Cumulatively, the proposed action and the objectives of the Pacific Northwest Electric 27 
Power Planning and Conservation Act would continue to protect listed species in the 28 
State of Washington through compatible resource management.  Cumulatively, the 29 
proposed action and the strategies of the Pacific Northwest Electric Power Planning and 30 
Conservation Act would continue to improve conditions for listed species across the 31 
analysis area, as compared to current conditions and past impacts, through compatible 32 
resource management goals.  As stated above, the objectives of the Pacific Northwest 33 
Electric Power Planning and Conservation Act are to primarily serve as a planning, 34 
policymaking, and review body for implementation of actions taken by Federal agencies 35 
relating to Federal hydropower in the Columbia River Basin.  Implementation of the 36 
proposed action would be consistent with these objectives by furthering protection of 37 
aquatic resources on forestlands regulated by the Washington Forest Practices Act.  This 38 
would be accomplished through measures aimed at protecting riparian and aquatic 39 
habitats such as RMZs, no-harvest buffers around unstable slopes, and implementation of 40 
road maintenance and abandonment plans.   Cumulatively, both No Action Alternative 41 
scenarios, Alternative 3, and Alternative 4 would notnone of the alternatives would 42 
contribute as effectively as Alternative 2 to Pacific Northwest Electric Power Planning 43 
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and Conservation Act strategies that protect listed species.  The reasons for this lower 1 
level of effectiveness include lack of regulatory assurances (No Action Alternative 2 
scenarios 1 and 2), likely reduced support and funding for adaptive management and 3 
potential increases in forestland conversion as a result of reduced regulatory assurances 4 
(Alternative 3), and requirements for wide riparian buffers that would be economically 5 
prohibitive for some landowners to maintain (Alternative 4). 6 

Magnuson-Stevens Fishery Conservation and Management Act 7 
This Federal act was created to restore and maintain harvestable numbers of fish, 8 
including salmon.  Like the Salmon and Steelhead ESA Section 4(d) rule, it may have 9 
indirect benefits to bald eagles by providing an important source of food.  10 

Cumulatively, the proposed action and the Magnuson-Stevens Fishery Conservation and 11 
Management Act would continue to protect listed species in the State of Washington 12 
through compatible resource management.  Cumulatively, the proposed action and the 13 
Magnuson-Stevens Fishery Conservation and Management Act would continue to 14 
improve conditions for listed species across the analysis area, as compared to current 15 
conditions and past impacts, through compatible resource management goals.  As stated 16 
above, the objectives of the Magnuson-Stevens Fishery Conservation and Management 17 
Act are to restore and maintain harvestable numbers of fish, including salmon.  18 
Implementation of the proposed action would be consistent with these objectives by 19 
furthering protections of salmon habitat on forestlands regulated by the Washington 20 
Forest Practices Act.  This would be accomplished through measures aimed at protecting 21 
riparian and aquatic habitats such as RMZs, no-harvest buffers around unstable slopes, 22 
and implementation of road maintenance and abandonment plans.  Cumulatively, both 23 
No Action Alternative scenarios, Alternative 3, and Alternative 4 would notnone of the 24 
alternatives would contribute as effectively as Alternative 2 to Magnuson-Stevens 25 
Fishery Conservation and Management Act strategies that protect listed species.  The 26 
reasons for this lower level of effectiveness include lack of regulatory assurances (No 27 
Action Alternative scenarios 1 and 2), likely reduced support and funding for adaptive 28 
management and potential increases in forestland conversion as a result of reduced 29 
regulatory assurances (Alternative 3), and requirements for wide riparian buffers that 30 
would be economically prohibitive for some landowners to maintain (Alternative 4). 31 

Northwest Forest Plan 32 
The Northwest Forest Plan was developed after years of controversy surrounding the 33 
management of Federal forestlands, including struggles over timber harvest, habitat needs 34 
of the Northern spotted owl and native salmon, old-growth preservation, and jobs.  35 
Implemented in 1994, the Northwest Forest Plan, an ecosystem approach to forest 36 
management, covers approximately 24 million acres of Federal forestland in western 37 
Washington, western Oregon, and northern California (USDA Forest Service and USDI 38 
Bureau of Land Management 1994).  The Bureau of Land Management and the U.S. 39 
Forest Service jointly manage the Northwest Forest Plan.  The lands under the Plan are 40 
divided into different areas according to allowable management activities: 41 
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• Congressional Reserves make up approximately 7 million acres or 30 percent of 1 

the total land in the Northwest Forest Plan and include National Parks and 2 
Monuments, Wilderness Areas, Wild and Scenic Rivers, National Wildlife 3 
Refuges, and Department of Defense lands.  These lands have been reserved by 4 
act of Congress and are preserved from forest management.  There are currently 5 
23 designated Wilderness Areas in Washington State. 6 

• Late-Successional Reserves also make up approximately 7 million acres or 30 7 
percent of the total land under the Northwest Forest Plan and aim to provide and 8 
promote a “functional, interactive, late-successional old-growth forest 9 
ecosystem” for old-growth and late-successional dependent wildlife species such 10 
as the northern spotted owl.  Commercial timber harvest is not allowed in late-11 
successional reserves, although select silvicultural treatments (for example, 12 
thinning) may be permissible in stands up to 80 years of age if the activity 13 
furthers late-successional or old-growth forest conditions. 14 

• Adaptive Management Areas represent 1.5 million acres or 6 percent of the land 15 
under the Northwest Forest Plan and are managed to explore and develop 16 
different methods of forestry management to achieve ecological, economic, 17 
social, and community objectives. 18 

• Managed Late-Successional Areas are lands mapped and defined as known 19 
northern spotted owl activity centers and unmapped buffer areas set up to protect 20 
rare and locally endemic species.  While their location may shift over time, 21 
managed late-successional areas make up 102,200 acres, or 1 percent of the land 22 
under the Northwest Forest Plan. 23 

• Administratively Withdrawn Areas cover 1.5 million acres or 6 percent of the 24 
lands under the Northwest Forest Plan and are lands not scheduled for timber 25 
harvest, including recreational areas, visual areas, backcountry, and other lands 26 
not suitable for harvest. 27 

• Riparian Reserves make up approximately 2.6 million acres or 11 percent of the 28 
total land under the Northwest Forest Plan.  They are riparian areas along 29 
streams, wetlands, ponds, and lakes, along with unstable areas and other areas 30 
that are designed to help maintain and conserve aquatic and riparian-dependent 31 
species habitat and riparian function, to improve travel and dispersal corridors for 32 
terrestrial plants and animals, and to provide a connection between late-33 
successional forest habitats. 34 

• Matrix Lands cover almost 4 million acres, or 16 percent of the land under the 35 
Northwest Forest Plan, and consist of Federal lands not assigned to one of the six 36 
land allocations described above.   37 

Riparian Reserves range from 100 feet (seasonal streams) to 300 feet (fish-bearing 38 
streams) in width on each side of a stream.  Consequently, streams on most Federal lands 39 
within Washington have more protection for aquatic and riparian-associated wildlife than 40 
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any of the alternatives considered in this FEIS.  A majority of Federal lands are located at 1 
higher elevations along the Cascade Crest and on the Olympic Peninsula.  Consequently, 2 
on a broad-scale Federal lands include a higher proportion of low order, non-fish-bearing 3 
streams compared to State and private forestlands. 4 

Although limited thinning and salvage activities may be allowed in the Reserves, only 5.5 5 
million acres or 22 percent of the lands under the Northwest Forest Plan are available for 6 
commercial timber harvest (USDA Forest Service and USDI Bureau of Land 7 
Management 1994).  Most timber harvest occurs on Matrix Lands, and to a limited 8 
extent, on Adaptive Management lands.  On lands available for commercial timber 9 
harvest, the U.S. Forest Service and U.S. Bureau of Land Management have established 10 
standards and guidelines to ensure a sustainable ecosystem and to protect known northern 11 
spotted owl activity centers (USDA Forest Service and USDI Bureau of Land 12 
Management 1994).   13 

Additionally, the Northwest Forest Plan includes an Aquatic Conservation Strategy 14 
developed to restore and maintain the ecological health of aquatic ecosystems in the 15 
Northwest Forest Plan area (USDA Forest Service and USDI Bureau of Land 16 
Management 1994).  The Aquatic Conservation Strategy sets up a system of Riparian 17 
Reserves, designates key watersheds in the Northwest Forest Plan area, describes 18 
requirements and procedures for conducting watershed analyses, and establishes 19 
watershed restoration programs for lands in the Northwest Forest Plan area.  Riparian 20 
Reserves require that wide riparian buffers be maintained along all streams.  The interim 21 
widths are designed to provide a high level of fish and riparian protection until watershed 22 
and site-specific analysis can be conducted.  This strategy was recently clarified in a 23 
Record of Decision, which amended the Northwest Forest Plan in March 2004.  This 24 
decision clarifies that the Aquatic Conservation Strategy objectives are intended to be 25 
met at the fifth-field watershed or larger scale, and not at the project-level scale.  A fifth-26 
field watershed ranges from approximately 30 to 150 square miles (20,000 to 100,000 27 
acres).   28 

The standards and guidelines in the Northwest Forest Plan, which include riparian buffers 29 
and other protective measures, are designed to meet the Aquatic Conservation Strategy 30 
objectives over time (USDA Forest Service and USDI Bureau of Land Management 31 
1994).  The Aquatic Conservation Strategy clarification allows projects that may have 32 
short term adverse effects, such as watershed restoration projects, to move forward as 33 
long as they comply with all of the protective measures specified in the Northwest Forest 34 
Plan standards and guidelines. 35 

The combined effects of the Aquatic Conservation Strategy and allowable uses of the 36 
Northwest Forest Plan work together to maintain and improve habitats for aquatic and 37 
riparian-dependent species on Federal forestland.  Over time, the Northwest Forest Plan 38 
will create millions of acres in additional late successional forest as younger stands are 39 
preserved and silvicultural treatments are limited to helping accelerate the development 40 
of older forest stand conditions (USDA Forest Service and USDI Bureau of Land 41 
Management 1994). 42 
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Approximately 7 million acres of Federal forestland are managed in accordance with the 1 
Northwest Forest Plan in Washington State (FEMAT 1993) (USDA Forest Service and 2 
USDI Bureau of Land Management 1994).  This represents about 30 percent of all 3 
forestlands.  The breakdown of lands within the Northwest Forest Plan by acres within 4 
each area and percent of total lands within the Northwest Forest Plan follows: 5 

• Congressional Reserves – 4.2 million acres, or 60 percent  6 
• Managed and Late-Successional Reserves – 1.5 million acres, or 22 percent  7 
• Adaptive Management Areas – 292,000 acres, or 4 percent 8 
• Administratively Withdrawn Areas – 250,100 acres, or 4 percent 9 
• Riparian Reserves – 232,300 acres, or 3 percent  10 
• Matrix Lands – 465,000 acres, or 7 percent  11 

The majority of Washington forestland under the Northwest Forest Plan are protected in 12 
reserves and is not available for forest management activities, including commercial 13 
timber harvest.  Silvicultural treatments are limited on lands within Managed and Late-14 
Successional Reserves to those that foster older forest stand conditions.  Commercial 15 
timber harvest occurs primarily within the Matrix Lands, or on only 7 percent of the lands 16 
under the Northwest Forest Plan in Washington State.  There are additional protection 17 
measures in place on these lands that further restrict timber harvest, such as a 15 percent 18 
green tree retention requirement and special protection for sensitive species habitat and 19 
wildlife needs (FEMAT 1993). 20 

Cumulatively, the proposed action and the Northwest Forest Plan would continue to 21 
protect listed species in the State of Washington through compatible resource 22 
management.  Cumulatively, the proposed action and the Northwest Forest Plan would 23 
continue to improve conditions for listed species across the analysis area, as compared to 24 
current conditions and past impacts, through compatible resource management goals.  As 25 
stated above, the purpose of the Northwest Forest Plan is to allow multipurpose 26 
management of Federal forestlands by balancing the need for timber harvest, habitat, old-27 
growth preservation, and jobs.  Implementation of the proposed action would be 28 
consistent with the purpose of the Northwest Forest Plan by furthering habitat protection 29 
while providing for a viable forest products industry on forestlands regulated by the 30 
Washington Forest Practices Act.  This would be accomplished through measures aimed 31 
at protecting riparian and aquatic habitats such as RMZs, no-harvest buffers around 32 
unstable slopes, and implementation of road maintenance and abandonment plans, while 33 
also fostering a viable and responsible forest products industry.   Cumulatively, both No 34 
Action Alternative scenarios, Alternative 3, and Alternative 4 would notnone of the 35 
alternatives would contribute as effectively as Alternative 2 to Northwest Forest Plan 36 
strategies that protect listed species.  The reasons for this lower level of effectiveness 37 
include lack of regulatory assurances (No Action Alternative scenarios 1 and 2), likely 38 
reduced support and funding for adaptive management and potential increases in 39 
forestland conversion as a result of reduced regulatory assurances (Alternative 3), and 40 
requirements for wide riparian buffers that would be economically prohibitive for some 41 
landowners to maintain (Alternative 4). 42 



 
 

 

 

Cumulative Effects Final EIS 
 

5-16

 Chapter 5 
Columbia River Gorge National Scenic Area  1 
The states of Oregon and Washington entered into a compact pre-authorized by Congress 2 
to implement the Columbia River Gorge National Scenic Area Act (16 U.S.C. §§ 544, et 3 
seq.; RCW Chapter 43.97; 16 U.S.C. § 544c).  The Act established a national scenic area 4 
in 1986 to protect and enhance the scenic, cultural, recreational, and natural resources of 5 
the Columbia River Gorge; to support the economy of the area by encouraging growth to 6 
occur in urban areas; and to allow economic development consistent with resource 7 
protection.  The Act encompasses 300,000 acres of scenic vistas; habitat for rare, 8 
threatened and endangered plants, animals, and anadromous fish; ancient Indian rock art 9 
and other cultural sites; and privately owned timber, farmland, and orchards.   10 

A bi-state agency, the Columbia River Gorge Commission, was authorized by the Act to 11 
develop and adopt a land use and resource protection policy.  The Columbia River Gorge 12 
Commission works closely with State and Federal agencies and tribal and community 13 
partners to accomplish its goals.   14 

The Act’s special management area guidelines were established and apply to all forest 15 
practices within the Columbia River Gorge National Scenic Area special management 16 
area, along with the Washington Forest Practices Rules.  The Washington DNR consults 17 
with the U.S. Forest Service and the Columbia River Gorge Commission when reviewing 18 
forest practices applications or notifications within the Columbia River Gorge National 19 
Scenic Area special management area, and prior to making any determination.  20 

Cumulatively, the proposed action and the Columbia River Gorge National Scenic Area 21 
Act would continue to protect listed species in the State of Washington through 22 
compatible resource management.  Cumulatively, the proposed action and the Columbia 23 
River Gorge National Scenic Act would continue to improve conditions for listed species 24 
across the analysis area, as compared to current conditions and past impacts, through 25 
compatible resource management goals.  As stated above, the purpose of the Columbia 26 
River Gorge National Scenic Area Act is to protect and enhance the scenic, cultural, 27 
recreational, and natural resources of the Columbia River Gorge; to support the economy 28 
of the area by encouraging growth to occur in urban areas; and to allow economic 29 
development consistent with resource protection.  Implementation of the proposed action 30 
would be consistent with this purpose by fostering a viable and responsible forest 31 
products industry while also furthering aquatic resource protection on forestlands 32 
regulated by the Washington Forest Practices Act.  This would be accomplished through 33 
measures aimed at protecting riparian and aquatic habitats such as RMZs, no-harvest 34 
buffers around unstable slopes, and implementation of road maintenance and 35 
abandonment plans.   Cumulatively, both No Action Alternative scenarios, Alternative 3, 36 
and Alternative 4 would notnone of the alternatives would contribute as effectively as 37 
Alternative 2 to Columbia River Gorge National Scenic Act strategies that protect listed 38 
species.  The reasons for this lower level of effectiveness include lack of regulatory 39 
assurances (No Action Alternative scenarios 1 and 2), likely reduced support and funding 40 
for adaptive management and potential increases in forestland conversion as a result of 41 
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reduced regulatory assurances (Alternative 3), and requirements for wide riparian buffers 1 
that would be economically prohibitive for some landowners to maintain (Alternative 4). 2 

5.2.2.2 State Statutes, Regulations, Plans, and Programs 3 
Washington Department of Ecology Water Quality Plans and Programs 4 
The Washington State Water Pollution Control Act (RCW Chapter 90.48) designates the 5 
Ecology as the agency responsible for carrying out provisions of the Clean Water Act 6 
using its own independent regulatory authority.  Ecology establishes Washington’s water 7 
quality standards, pursuant to periodic review and approval by EPA to ensure protection 8 
of beneficial uses based on best available science.  Ecology , and may directly enforce 9 
provisions of the Clean Water Act, or may use the State’s water quality statutes and rules.  10 
Temperature requirements for multiple species, including stream-associated amphibians 11 
and macro-invertebrates were considered during development of the 2003 State Water 12 
Quality Standards; sensitive “key species” were selected to aid in identifying aquatic 13 
communities requiring unique temperature criteria to ensure all the resident species are 14 
fully protected. 15 

The Clean Water Act established a process to identify and clean up polluted waters.  16 
Every 2 years, states are required to prepare a list of water bodies that do not meet State 17 
water quality standards.  This list is referred to as the 303(d) list because it is described in 18 
Section 303(d) of the Clean Water Act.  Before compiling the list, Ecology develops, 19 
through a public process, a listing policy that describes how Ecology will determine 20 
which water bodies are included on the 303(d) list.   21 

The Clean Water Act requires that a water cleanup plan, also known as a total maximum 22 
daily load (TMDL), be developed for each of the water bodies on the 303(d) list.  A 23 
TMDL is the maximum amount of pollution or “pollutant load” that a water body can 24 
assimilate without violating water quality standards.  A water body stays on the 303(d) 25 
list until a TMDL has been developed for it, its pollution problem is addressed through 26 
some other pollution control process, or it meets water quality standards.  Ecology 27 
monitors the effectiveness of TMDLs and other pollution controls, and if found to be 28 
ineffective, can relist the water body and require more stringent pollution controls. 29 

In response to litigation on TMDLs in 1992, EPA and Ecology developed a 30 
Memorandum of Agreement stipulating that TMDLs for all of the water bodies on the 31 
State’s 1996 303(d) list would be completed by 2013. 32 

Each TMDL has five major components: 33 

1. An identification of the type, amount, and sources of water pollution in a 34 
particular water body or segment; 35 

2. A determination of the capacity of the water to assimilate pollution and still 36 
remain healthy; 37 

3. An allocation showing how much pollution each source will be allowed to 38 
discharge; 39 
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4. A strategy to attain the allocations; and 1 
5. Implementation of a monitoring plan to assess effectiveness as the TMDL. 2 

For pollution coming from point sources, identifying sources and developing a TMDL 3 
implementation strategy is usually straightforward.  “Point sources” are locations from 4 
which discharge occurs from a specific source(s), such as industrial plants or municipal 5 
wastewater treatment plants.  Ecology permits regulate point sources, so the TMDL 6 
discharge limit is included in the permit. 7 

For pollution coming from non-point sources, implementing a TMDL is more 8 
complicated.  “Non-point source” pollution is generated by a wide variety of land uses, 9 
including forest practices.  Loss of shade to a stream, sediment-laden runoff from a 10 
poorly maintained forest road, or pesticide over spray reaching surface water are all 11 
examples of non-point pollution that can result from forest practices.  For non-point 12 
sources, a TMDL must evaluate potential methods to control the pollutants and suggest 13 
an array of methods that can be used.  These methods are referred to as best management 14 
practices (BMPs)  Usually there are many BMPs that could be used to address a non-15 
point source pollution problem.  It is up to the landowner to select and implement the 16 
array of practices that will address the pollution generated on their property. 17 

The process of identifying polluted waters, developing and implementing TMDLs, and 18 
monitoring 303(d) listed waters is not the only approach Ecology uses to maintain water 19 
quality in the State.  Water quality is also protected through implementation of the 20 
Washington Forest Practices Rules.   21 

Ecology has a unique role in adoption and implementation of the Washington Forest 22 
Practices Rules because the Washington Forest Practices Act and rules were designed and 23 
adopted, in part, to meet requirements of the Clean Water Act and State water quality 24 
standards.  The Forest Practices Board is the agency responsible for adopting the 25 
Washington Forest Practices Rules.  However, for those sections of the rules pertaining to 26 
water quality protection, the Forest Practices Board must reach agreement with the 27 
director of  Ecology, or the director’s designee on the Forest Practices Board, prior to rule 28 
adoption (RCW Chapter 76.09.040(1)(e)).  Washington DNR implements and enforces 29 
the rules.  Ecology also has authority to independently enforce the “water quality” 30 
sections of the rules (RCW Chapter 76.09.100), and has a continuing obligation to seek 31 
adjustments to Forest Practices Rules and Guidance through Adaptive Management when 32 
necessary to ensure they meet or exceed water quality standards.  33 

Cumulatively, the proposed action and the Washington State Water Pollution Control Act 34 
would continue to protect listed species in the State of Washington through compatible 35 
resource management.  Cumulatively, the proposed action and the Washington State 36 
Pollution Control Act would continue to improve conditions for listed species across the 37 
analysis area, as compared to current conditions and past impacts, through compatible 38 
resource management goals and continued improvements to water quality conditions.  As 39 
stated above, the purpose of the Washington State Water Pollution Control Act is to 40 
establish a process to identify and clean up polluted waters. Implementation of the 41 
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proposed action would be consistent with this purpose by working to protecting and 1 
restoreing aquatic resources on forestlands regulated by the Washington Forest Practices 2 
Act as compared to current conditions.  This would be accomplished through measures 3 
aimed at protecting riparian habitat and aquatic resources such as RMZs, no-harvest 4 
buffers around unstable slopes, and implementation of road maintenance and 5 
abandonment plans.  Consistent with Ecology’s policy guidance for Section 303(d) 6 
listings (Washington Department of Ecology 2002d), the proposed action would also 7 
employ adaptive management as a primary component to reduce scientific uncertainty 8 
and to determine the effectiveness of the protection measures.  Cumulatively, both No 9 
Action Alternative scenarios, Alternative 3, and Alternative 4 would not contribute as 10 
effectively asCumulatively, none of the alternatives would contribute as effectively as 11 
Alternative 2 to Washington State Pollution Control Act strategies that protect listed 12 
species.  The reasons for this lower level of effectiveness include lack of regulatory 13 
assurances (No Action Alternative scenarios 1 and 2), likely reduced support and funding 14 
for adaptive management and potential increases in forestland conversion as a result of 15 
reduced regulatory assurances (Alternative 3), and requirements for wide riparian buffers 16 
that would be economically prohibitive for some landowners to maintain (Alternative 4). 17 

Hydraulic Project Approvals 18 
The 1949 Hydraulic Code (RCW Chapter 75.20.100-160) gives regulatory authority to 19 
Washington Department of Fish and Wildlife (WDFW) to issue a Hydraulic Project 20 
Approval for any construction activity in or near State waters.  A Hydraulic Project 21 
Approval is also required for work that will use, divert, obstruct, or change the natural 22 
flow or bed of any waters of the State.  The purpose of the law is to ensure that any 23 
construction carried out in or near waters, has minimal adverse impact to Washington 24 
State’s fish, shellfish, and their habitat (Washington Department of Fish and Wildlife 25 
2003).  The Hydraulic Project Approval may include site-specific mitigation measures. 26 

A Hydraulic Project Approval is required for forest practices involving activities in or 27 
near many State waters.  Examples of forestry activities in or near streams that may 28 
require a Hydraulic Project Approval include, but are not limited to: felling and yarding 29 
timber, the construction or repair of culverts and bridges, placement of LWD, dredging, 30 
debris removal, changes in channel structure, and the placement of outfall structures 31 
(Washington Department of Fish and Wildlife 2003). 32 

Cumulatively, the proposed action and the Hydraulic Code would continue to protect 33 
listed species in the State of Washington through compatible resource management.  34 
Cumulatively, the proposed action and the Hydraulic Code would continue to improve 35 
conditions for listed species across the analysis area, as compared to current conditions 36 
and past impacts, through compatible resource management goals.  As stated above, the 37 
purpose of Hydraulic Code is to ensure that any construction carried out in or near 38 
waters, has minimal adverse impact to Washington State’s fish, shellfish, and their 39 
habitat.  Implementation of the proposed action would be consistent with this purpose by 40 
furthering aquatic habitat protection on forestlands regulated by the Washington Forest 41 
Practices Act.  This would be accomplished through measures aimed at protecting 42 
riparian and aquatic habitats such as RMZs, no-harvest buffers around unstable slopes, 43 



 
 

 

 

Cumulative Effects Final EIS 
 

5-20

 Chapter 5 
and implementation of road maintenance and abandonment plans.  Cumulatively, both 1 
No Action Alternative scenarios, Alternative 3, and Alternative 4 would 2 
notCumulatively, none of the alternatives would  contribute as effectively as Alternative 3 
2 to Hydraulic Code strategies that protect listed species.  The reasons for this lower level 4 
of effectiveness include lack of regulatory assurances (No Action Alternative scenarios 1 5 
and 2), likely reduced support and funding for adaptive management and potential 6 
increases in forestland conversion as a result of reduced regulatory assurances 7 
(Alternative 3), and requirements for wide riparian buffers that would be economically 8 
prohibitive for some landowners to maintain (Alternative 4). 9 

Wild Salmon Policy  10 
The Washington Fish and Wildlife Commission adopted the State of Washington’s Wild 11 
Salmon Policy in 1997 in response to the proposed and final listings of several salmon 12 
stocks.  Like comparable Federal programs, the document contains policy 13 
recommendations aimed at protecting, restoring, and enhancing fisheries in Washington. 14 

Cumulatively, the proposed action and the Wild Salmon Policy would continue to protect 15 
listed species in the State of Washington through compatible resource management.  16 
Cumulatively, the proposed action and the Wild Salmon Policy would continue to 17 
improve conditions for listed species across the analysis area, as compared to current 18 
conditions and past impacts, through compatible resource management goals.  As stated 19 
above, the Wild Salmon Policy contains policy recommendations aimed at protecting, 20 
restoring, and enhancing fisheries in Washington.  Implementation of the proposed action 21 
would be consistent with these policy recommendations by furthering aquatic habitat 22 
protection on forestlands regulated by the Washington Forest Practices Act.  This would 23 
be accomplished through measures aimed at protecting riparian and aquatic habitats such 24 
as RMZs, no-harvest buffers around unstable slopes, and implementation of road 25 
maintenance and abandonment plans.  Cumulatively, both No Action Alternative 26 
scenarios, Alternative 3, and Alternative 4 would notnone of the alternatives would 27 
contribute as effectively as Alternative 2 to Wild Salmon Policy strategies that protect 28 
listed species.  The reasons for this lower level of effectiveness include lack of regulatory 29 
assurances (No Action Alternative scenarios 1 and 2), likely reduced support and funding 30 
for adaptive management and potential increases in forestland conversion as a result of 31 
reduced regulatory assurances (Alternative 3), and requirements for wide riparian buffers 32 
that would be economically prohibitive for some landowners to maintain (Alternative 4). 33 

Comprehensive Watershed Planning Act 34 
The 1998 Comprehensive Watershed Planning Act complements the Salmon Recovery 35 
Act by providing for locally led, cooperative efforts to assess water resource needs and 36 
by developing effective solutions on a Water Resource Inventory Areas (WRIA) (or 37 
watershed) basis.  These watershed plans assist the State’s overall efforts to manage 38 
growth, protect threatened and endangered salmon runs, and improve water quality.  The 39 
plans encourage the integration of existing laws, rules, or ordinances that protect, restore, 40 
or enhance fish habitat, including the Washington Forest Practices Rules (RCW Chapter 41 
90.82.100).  See subsection 3.5 (Relationship to Other Plans) and DEIS Appendix A 42 
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(Regional Summaries) for more information on regional watershed planning efforts in 1 
support of salmon recovery. 2 

Cumulatively, the proposed action and the 1998 Comprehensive Watershed Planning Act 3 
would continue to protect listed species in the State of Washington through compatible 4 
resource management.  Cumulatively, the proposed action and the Comprehensive 5 
Watershed Planning Act would continue to improve conditions for listed species across 6 
the analysis area, as compared to current conditions and past impacts, through compatible 7 
resource management goals.  As stated above, the 1998 Comprehensive Watershed 8 
Planning Act provides for locally led, cooperative efforts to assess water resource needs 9 
and allows for development of effective solutions on a WRIA basis.  Implementation of 10 
the proposed action would be consistent with the 1998 Comprehensive Watershed 11 
Planning Act by furthering aquatic resource protection on forestlands regulated by the 12 
Washington Forest Practices Act.  This would be accomplished through measures aimed 13 
at protecting riparian and aquatic habitats such as RMZs, no-harvest buffers around 14 
unstable slopes, and implementation of road maintenance and abandonment plans.  15 
Cumulatively, both No Action Alternative scenarios, Alternative 3, and Alternative 4 16 
would notnone of the alternatives would contribute as effectively as Alternative 2 to 17 
Comprehensive Watershed Planning Act strategies that protect listed species.  The 18 
reasons for this lower level of effectiveness include lack of regulatory assurances (No 19 
Action Alternative scenarios 1 and 2), likely reduced support and funding for adaptive 20 
management and potential increases in forestland conversion as a result of reduced 21 
regulatory assurances (Alternative 3), and requirements for wide riparian buffers that 22 
would be economically prohibitive for some landowners to maintain (Alternative 4). 23 

State Listing of Endangered, Threatened, and Sensitive Species 24 
WDFW maintains a list of State endangered, threatened, and sensitive species (WAC 25 
232-12-014 and 232-12-011).  In 1990, the Washington Fish and Wildlife Commission 26 
adopted procedures that identify how species are listed, criteria for listing and de-listing, 27 
and requirements for management and recovery plans (WAC 232-12-297).  These lists 28 
are separate from the Federal ESA lists because they focus on a species’ status exclusive 29 
to Washington State.  Critical wildlife habitats associated with State or federally listed 30 
species are identified in WAC 222-16-080.  31 

Forest practices that are proposed within critical wildlife habitats associated with State-32 
listed species are considered Class IV Special activities.  Compliance with SEPA 33 
guidelines and policies is required.  Washington DNR is also required to consult with 34 
WDFW regarding the protection of listed species’ habitats when reviewing forest 35 
practices applications. 36 

Cumulatively, the proposed action and the State listing of endangered, threatened, and 37 
sensitive species would continue to protect listed species in the State of Washington 38 
through compatible resource management.  Cumulatively, the proposed action and the 39 
State listing of endangered, threatened, and sensitive species would continue to improve 40 
conditions for listed species across the analysis area, as compared to current conditions 41 
and past impacts, through compatible resource management goals.  As stated above, State 42 
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listing of endangered, threatened, and sensitive species includes criteria for listing and de-1 
listing and requirements for management and recovery plans.  Implementation of the 2 
proposed action would be consistent with State listing by furthering aquatic resource 3 
protection to limit impacts on threatened and endangered species on forestlands regulated 4 
by the Washington Forest Practices Act.  This would be accomplished through measures 5 
aimed at protecting riparian and aquatic habitats such as RMZs, no-harvest buffers 6 
around unstable slopes, and implementation of road maintenance and abandonment plans.  7 
Cumulatively, both No Action Alternative scenarios, Alternative 3, and Alternative 4, 8 
would notnone of the alternatives would contribute as effectively as Alternative 2 to State 9 
listing of endangered, threatened, and sensitive species strategies actions that protect 10 
federally listed species.  The reasons for this lower level of effectiveness include lack of 11 
regulatory assurances (No Action Alternative scenarios 1 and 2), likely reduced support 12 
and funding for adaptive management and potential increases in forestland conversion as 13 
a result of reduced regulatory assurances (Alternative 3), and requirements for wide 14 
riparian buffers that would be economically prohibitive for some landowners to maintain 15 
(Alternative 4). 16 

Shoreline Management Act 17 
The Shoreline Management Act was passed by the Legislature in 1971 and is intended  18 

To provide for the management of the shorelines of the State by planning 19 
for and fostering all reasonable and appropriate uses.  This policy is 20 
designed to insure the development of these shorelines in a manner, which, 21 
while allowing for limited reduction of rights of the public in the navigable 22 
waters, will promote and enhance the public interest.  This policy 23 
contemplates protecting against adverse effects to the public health, the 24 
land and its vegetation and wildlife, and the waters of the State and their 25 
aquatic life, while protecting generally public rights of navigation and 26 
corollary rights incidental thereto (RCW Chapter 90.58.020). 27 

The Shoreline Management Act applies to more than 2,300 miles of lakeshores, 16,000 28 
miles of streams, and 2,400 miles of marine shoreline all designated as “Shorelines of the 29 
State” (Washington Department of Ecology 1999b).  The Shoreline Management Act 30 
establishes a balance of authority between local and State government and is 31 
implemented by Ecology and the relevant local governmental entity.  Cities and counties 32 
are the primary regulators, but Ecology retains the authority to review local programs and 33 
permit decisions (Washington Department of Ecology 1999b).  Shorelines of the State 34 
that are regulated by the Shoreline Management Act include (Washington Department of 35 
Ecology 1999b; RCW Chapter 90.58.030(20)): 36 

• All marine waters 37 
• Streams with greater than 20 cubic feet per second mean annual flow 38 
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• Lakes 20 acres or larger  1 
• Upland areas called shorelands that extend 200 feet landward from the edge of the 2 

ordinary high water mark and may include up to the entire 100 year floodplain, and 3 
wetlands and river deltas when they are associated with one of the above 4 

Cities and counties with waters that meet the definition under Shorelines of the State are 5 
required to develop a Shoreline Master Program that regulates uses of the shorelines and 6 
is consistent with the Shoreline Management Act (RCW Chapters 90.58.070 and 7 
90.58.080).   8 

Type 1 waters are defined by the Washington Forest Practices Rules as those inventoried 9 
as Shorelines of the State under RCW Chapter 90.58 and regulated under the Shoreline 10 
Management Act (WAC 222-16-030(1)), including their wetlands.  Forest practices 11 
operations must comply with the rules under the local city or county Shoreline Master 12 
Program, or the Washington Forest Practices Rules, whichever is the most protective of 13 
the resource.  Substantial developments along these shorelines require a special permit 14 
from the local city or county responsible for administering the Shoreline Management 15 
Act (RCW Chapter 90.58.140(2)). 16 

The Shoreline Management Act also designates certain waters as “Shorelines of 17 
Statewide Significance” where, in their management, “the interests of all the people shall 18 
be paramount” (RCW Chapter 90.58.020).  These waters are defined in the Shoreline 19 
Management Act as (Washington Department of Ecology 1999b): 20 

• Pacific Coast, Hood Canal, and certain Puget Sound shorelines 21 
• All waters of Puget Sound and the Straight of Juan de Fuca 22 
• Lakes or reservoirs with more than 1,000 surface acres 23 
• Larger rivers (1,000 cubic feet per second or greater mean annual flow for rivers in 24 

Western Washington, 200 cubic feet per second and greater mean annual flow east of 25 
the Cascade crest) 26 

• Shorelands and wetlands associated with all of the above 27 
• All other areas of Puget Sound and the Strait of Juan de Fuca below extreme low 28 

water 29 

Landowners wishing to harvest timber within 200 feet of Shorelines of Statewide 30 
Significance are permitted only selective commercial timber cutting, and may harvest no 31 
more than 30 percent of the merchantable trees within a 10 year time frame (RCW 32 
Chapter 90.58.150).  Exceptions are provided only in limited cases where topography, 33 
soil conditions, or silvicultural practices necessary for regeneration render selective 34 
logging ecologically detrimental.  Clearcutting may be permitted if it is solely incidental 35 
to the preparation of land for other uses authorized by the Shoreline Management Act 36 
(RCW Chapter 90.58.150). 37 

Cumulatively, the proposed action and the Shoreline Management Act would continue to 38 
protect listed species in the State of Washington through compatible resource 39 
management.  Cumulatively, the proposed action and the Shoreline Management Act 40 
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would continue to improve conditions for listed species across the analysis area, as 1 
compared to current conditions and past impacts, through compatible resource 2 
management goals.  As stated above, the Shoreline Management Act provides for the 3 
management of shorelines of the State by planning for and fostering all reasonable and 4 
appropriate uses while protecting against adverse effects to public health, the land and its 5 
vegetation and wildlife, and the waters of the State and their aquatic life.  Implementation 6 
of the proposed action would be consistent with the Shoreline Management Act by 7 
allowing for timber management activities while protecting against adverse effects to 8 
aquatic resources on forestlands regulated by the Washington Forest Practices Act.  This 9 
would be accomplished through measures aimed at protecting riparian and aquatic 10 
habitats such as RMZs, no-harvest buffers around unstable slopes, and implementation of 11 
road maintenance and abandonment plans.  Cumulatively, both No Action Alternative 12 
scenarios, Alternative 3, and Alternative 4 would notnone of the alternatives would 13 
contribute as effectively as Alternative 2 to Shoreline Management Act strategies that 14 
protect listed species.  The reasons for this lower level of effectiveness include lack of 15 
regulatory assurances (No Action Alternative scenarios 1 and 2), likely reduced support 16 
and funding for adaptive management and potential increases in forestland conversion as 17 
a result of reduced regulatory assurances (Alternative 3), and requirements for wide 18 
riparian buffers that would be economically prohibitive for some landowners to maintain 19 
(Alternative 4). 20 

Washington Pesticide Laws and Regulations  21 
The Washington State Department of Agriculture regulates the distribution, use, and 22 
disposal of pesticides and fertilizers in Washington State (RCW Chapter 15.58).  23 
Landowners who apply pesticides for forest management are required to keep records of 24 
their applications pursuant to the applicator requirements of the General Pesticide Rules 25 
(WAC 16-228-1320).  The Department of Agriculture may also require landowners to 26 
obtain a pesticide license to apply certain “restricted use” pesticides that pose a potential 27 
threat to humans or the environment (Washington State Department of Agriculture 2002; 28 
RCW Chapter 15.58.160(2)(a); RCW Chapter 7.21).  Both the Washington DNR and 29 
Ecology enforce regulations regarding the handling, storage, and application of 30 
pesticides, fertilizers, and other forest chemicals to ensure compliance with all 31 
Washington Forest Practices Rules relating to forest chemicals (WAC 222-38).   32 

Forest practices applications or notifications are not required for forest practices 33 
conducted to control exotic forest insect or disease outbreaks, when conducted by or 34 
under the direction of the Department of Agriculture, and when ordered by the governor 35 
or the director of the Department of Agriculture.  Forest practices applications or 36 
notifications are also not required when emergency pest control measures are conducted 37 
by the Washington DNR under a forest health emergency declaration by the 38 
Commissioner of Public Lands (RCW Chapter 76.09.060 (8)). 39 

Cumulatively, the proposed action and the Washington Pesticide Laws and Regulations 40 
would continue to protect listed species in the State of Washington through compatible 41 
resource management.  Cumulatively, the proposed action and the Washington Pesticides 42 
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Laws and Regulations would continue to improve conditions for listed species across the 1 
analysis area, as compared to current conditions and past impacts, through compatible 2 
resource management goals.  As stated above, the Washington Pesticide Laws and 3 
Regulations regulate the distribution, use, and disposal of pesticides and fertilizers in 4 
Washington State.  Implementation of the proposed action would be consistent with 5 
Washington Pesticide Laws and Regulations as these requirements would continue to be 6 
enforced on forestlands regulated by the Washington Forest Practices Act.  This would be 7 
accomplished through measures aimed at restricting the type and method of pesticide 8 
application near riparian areas and associated water bodies.  Cumulatively, both No 9 
Action Alternative scenarios, Alternative 3, and Alternative 4, would notnone of the 10 
alternatives would contribute as effectively as Alternative 2 to Washington Pesticide 11 
Laws and Regulations strategies that protect listed species.  The reasons for this lower 12 
level of effectiveness include lack of regulatory assurances (No Action Alternative 13 
scenarios 1 and 2), likely reduced support and funding for adaptive management and 14 
potential increases in forestland conversion as a result of reduced regulatory assurances 15 
(Alternative 3), and requirements for wide riparian buffers that would be economically 16 
prohibitive for some landowners to maintain (Alternative 4). 17 

Growth Management Act 18 
The Growth Management Act was passed in 1990 out of concern that population growth 19 
and suburban sprawl were threatening Washington’s ecosystems and quality of life 20 
(Growth Management Services 1999).  The Growth Management Act requires local 21 
governments to develop growth management plans for their communities including 22 
growth planning, the establishment of urban growth boundaries (or “Urban Growth 23 
Areas”), the designation and protection of critical areas (such as wetlands, unstable 24 
slopes, fish and wildlife habitat conservation areas, and floodplains), and the 25 
classification and designation of resource lands (forest, agricultural, and mineral lands) 26 
(Growth Management Services 1999).  While the specific requirements under the Growth 27 
Management Act are different for cities and counties depending on their size and rate of 28 
growth, all local governments have some planning requirements and must develop their 29 
own regulations consistent with their Growth Management Act plans (Growth 30 
Management Services 1999). 31 

Much of the forestland covered under the Forest Practices Habitat Conservation Plan 32 
(FPHCP) has been designated under the Growth Management Act as “resource lands,” 33 
which requires cities and counties to develop special policies for their use and 34 
conservation (Growth Management Services 1999).  Forest practices activities that occur 35 
in designated urban growth areas must also comply with the local jurisdiction’s critical 36 
areas ordinances, and these ordinances must be at least as protective as the current 37 
Washington Forest Practices Rules.  If the local jurisdiction has assumed regulatory 38 
authority for all Class IV General Forest Practices, the local forest practices regulations 39 
must be as protective as the state Forest Practices Act and Rules at the time of adoption. 40 

Cumulatively, the proposed action and the Growth Management Act would continue to 41 
protect listed species in the State of Washington through compatible resource 42 
management.  Cumulatively, the proposed action and the Growth Management Act 43 
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would continue to improve conditions for listed species across the analysis area, as 1 
compared to current conditions and past impacts, through compatible resource 2 
management goals.  As stated above, the Growth Management Act requires the 3 
designation and protection of critical areas and the classification and designation of 4 
resource lands. Implementation of the proposed action would be consistent with the 5 
Growth Management Act by furthering protection of many of these same critical areas on 6 
forestlands regulated by the Washington Forest Practices Act.  In addition, forest 7 
practices conducted within Urban Growth Areas must comply with both the Washington 8 
Forest Practices Act and Rules as well as the local jurisdictions critical areas ordinance.  9 
Cumulatively, both No Action Alternative scenarios, Alternative 3, and Alternative 4 10 
would notnone of the alternatives would contribute as effectively as Alternative 2 to 11 
Growth Management Act strategies that protect listed species.  The reasons for this lower 12 
level of effectiveness include lack of regulatory assurances (No Action Alternative 13 
scenarios 1 and 2), likely reduced support and funding for adaptive management and 14 
potential increases in forestland conversion as a result of reduced regulatory assurances 15 
(Alternative 3), and requirements for wide riparian buffers that would be economically 16 
prohibitive for some landowners to maintain (Alternative 4). 17 

State Conservation Areas 18 
Washington DNR’s Natural Resource Conservations Areas and Natural Area Preserves 19 
include lands managed by the State to conserve important native ecosystems, rare plant 20 
and animal species, and unique natural features.   21 

Natural Area Preserves protect the best remaining examples of many ecological 22 
communities including rare plant and animal habitat.  The Natural Area Preserves system 23 
presently includes 26,400 acres on 47 sites distributed throughout the State.  In eastern 24 
Washington, habitats protected on preserves include outstanding examples of arid land 25 
shrub-steppe, grasslands, vernal ponds, oak woodlands, subalpine meadows and forest, 26 
ponderosa pine forests, and rare plant habitats.  Western Washington preserves include 27 
five large coastal preserves supporting high quality wetlands, salt marshes, and forested 28 
buffers.  Other habitats include mounded prairies, sphagnum bogs, natural forest 29 
remnants, and grassland. 30 

Twenty-five Natural Resource Conservation Areas, totally more than 80,500 acres in 31 
Washington, protect outstanding examples of native ecosystems, habitat for endangered, 32 
threatened and sensitive plants and animals, and scenic landscapes.  Habitats protected in 33 
Natural Resource Conservations Areas include coastal and high elevation forests, alpine 34 
lakes, wetlands, scenic vistas, nesting birds of prey, rocky headlands, and unique plant 35 
communities.  Critical habitat is provided for many plant and animal species, including 36 
rare species.  Conservation areas also protect geologic, cultural, historic, and 37 
archeological sites. 38 

Other conserved and protected State lands in Washington include lands managed by the 39 
Washington State Parks and Recreation Commission.  The Washington State Parks and 40 
Recreation Commission enhances and protects a diverse system of recreational, cultural, 41 
historical, and natural sites, located in 120 State parks encompassing over 250,000 acres. 42 
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Cumulatively, the proposed action and the State Conservation Areas and Natural Area 1 
Preserves would continue to protect listed species in the State of Washington through 2 
compatible resource management.  Cumulatively, the proposed action and the strategies 3 
of the State Conservation Areas and Natural Area Preserves would continue to improve 4 
conditions for listed species across the analysis area, as compared to current conditions 5 
and past impacts, through compatible resource management goals.  As stated above, the 6 
State Conservation Areas and Natural Area Preserves serve to conserve important native 7 
ecosystems, rare plant and animal species, and unique natural features.  Implementation 8 
of the proposed action would be consistent with the State Conservation Areas and Natural 9 
Area Preserves by furthering protection of sensitive sites on forestlands regulated by the 10 
Washington Forest Practices Act.  Cumulatively, both No Action Alternative scenarios, 11 
Alternative 3, and Alternative 4, would notnone of the alternatives would contribute as 12 
effectively as Alternative 2 to State Conservation Areas and Natural Areas Preserves 13 
strategies that protect listed species.  The reasons for this lower level of effectiveness 14 
include lack of regulatory assurances (No Action Alternative scenarios 1 and 2), likely 15 
reduced support and funding for adaptive management and potential increases in 16 
forestland conversion as a result of reduced regulatory assurances (Alternative 3), and 17 
requirements for wide riparian buffers that would be economically prohibitive for some 18 
landowners to maintain (Alternative 4). 19 

Washington DNR State Trust Lands Habitat Conservation Plan 20 
The largest HCP in Washington is the Washington DNR State Trust Lands HCP 21 
(Washington DNR 1997d).  The multi-species HCP, one of the most comprehensive 22 
HCPs in the Nation, covers approximately 1.6 million acres of State trust land.  The HCP 23 
covers all Washington DNR-managed forestlands within the range of the northern spotted 24 
owl.  This includes all of the western part of the State as well as lands on the east slopes 25 
of the Cascade Range, covering approximately 7 percent of all forestlands in Washington 26 
State.   27 

The HCP minimizes and mitigates for the incidental take of all federally listed species 28 
within the range of the northern spotted owl, including the following listed species: 29 
northern spotted owl, marbled murrelet, Oregon silverspot butterfly, Aleutian Canada 30 
goose, peregrine falcon (which has since been federally delisted), bald eagle, gray wolf, 31 
grizzly bear, and the Columbia white-tailed deer.  The HCP also provides protection for 32 
39 additional species, including various mollusks, arthropods, fish species (including all 33 
federally listed salmon, steelhead, and native trout), amphibians, reptiles, birds, and 34 
mammals (Washington DNR 1997d; USFWS 2003b).  35 

The State Trust Lands HCP includes a riparian conservation strategy to protect salmonid 36 
habitat in western Washington (Washington DNR 1997d).  The RMZ prescriptions 37 
consist of an inner riparian buffer and an outer wind buffer where needed.  The primary 38 
purpose of the riparian buffer is to maintain or restore salmonid freshwater habitat and to 39 
contribute to the conservation of other aquatic and riparian-associated species, while the 40 
function of the wind buffer is to protect the riparian buffer (Washington DNR 1997d, p. 41 
56).  The State Trust Lands HCP also includes measures that address wetlands, unstable 42 
slopes, roads, and rain-on-snow hydrology.  43 
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Cumulatively, the proposed action and the Washington DNR State Trust Lands HCP 1 
would continue to protect listed species in the State of Washington through compatible 2 
resource management.  Cumulatively, the proposed action and Washington DNR State 3 
Trust Lands HCP would continue to improve conditions for listed species across the 4 
analysis area, as compared to current conditions and past impacts, through compatible 5 
resource management goals.  As stated above, the Washington DNR State Trust Lands 6 
HCP minimizes and mitigates for the incidental take of all federally listed species within 7 
the range of the northern spotted owl.  Implementation of the proposed action would be 8 
consistent with the Washington DNR State Trust Lands HCP by furthering the protection 9 
of aquatic and riparian habitat on forestlands regulated by the Washington Forest 10 
Practices Act.  This would be accomplished through measures aimed at protecting 11 
riparian and aquatic habitats such as RMZs and no-harvest buffers around unstable 12 
slopes.  The Washington DNR State Trust Lands HCP defers to the Forest Practices Act 13 
and Rules for road construction, maintenance, and abandonment requirements.   14 
Cumulatively, both No Action Alternative scenarios, Alternative 3, and Alternative 4, 15 
would notnone of the alternatives would contribute as effectively as Alternative 2 to 16 
Washington DNR State Trust Lands Habitat Conservation Plan HCP strategies that 17 
protect listed species.  The reasons for this lower level of effectiveness include lack of 18 
regulatory assurances (No Action Alternative scenarios 1 and 2), likely reduced support 19 
and funding for adaptive management and potential increases in forestland conversion as 20 
a result of reduced regulatory assurances (Alternative 3), and requirements for wide 21 
riparian buffers that would be economically prohibitive for some landowners to maintain 22 
(Alternative 4). 23 

State Salmon Recovery Strategy 24 
The 1998 Salmon Recovery Act represents a statewide effort to improve salmon habitat 25 
and is part of a statewide salmon recovery strategy.  The Act creates the Governor’s 26 
Salmon Recovery Office and a Salmon Recovery Funding Board to support salmon 27 
recovery, establishes and assigns regional councils as “Lead Entities” for salmon habitat 28 
improvement efforts, puts forth a critical timeline for salmon recovery, and establishes an 29 
Independent Science Panel to assist in oversight and scientific review. 30 

The Salmon Recovery Act also recognizes that the Washington Forest Practices Rules, 31 
consistent with the FFR, contribute substantially to the recovery of salmonids and 32 
protection of water quality.  The Salmon Recovery Act designated the Forests and Fish 33 
process as the “forestry module” of the statewide recovery strategy.  34 

The primary purpose of the Governor’s Salmon Recovery Office is to coordinate and 35 
assist in the development of regional and local salmon recovery plans and efforts.  In 36 
pursuit of this goal, the Governor’s Joint Natural Resource Cabinet published a 1999 37 
comprehensive report, Statewide Strategy to Recover Salmon: Extinction is Not an 38 
Option.  The Statewide Strategy provides overarching goals and strategies for salmon 39 
recovery in all four factors that influence the health of salmon: habitat, harvest, 40 
hatcheries, and hydropower – commonly referred to as the “four H’s” (subsection 4.8.4, 41 
Synthesis by Analysis Region) (Federal Caucus 1999).  It addresses land use issues, 42 
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growth management plans, critical area ordinances, and shorelines programs to protect 1 
salmon, salmon habitat, water quality, and water quantity.  The following paragraphs 2 
describe several of the larger regional planning efforts for salmon recovery.  3 

Counties, tribes, businesses, and other interested groups have joined forces across the 4 
State to support salmon recovery through regional watershed-based strategies.  Many of 5 
these regional strategies implement the 1998 Watershed Planning Act and serve to assess 6 
the status of water resources within a WRIA or in a group of WRIAs.  Activities within 7 
the WRIAs include: watershed studies, riparian revegetation projects, recruitment of 8 
LWD, fish barrier removal projects, and the facilitation of conservation easements.  The 9 
goal of these planning efforts is to protect and preserve salmon habitat and water quality 10 
and, ultimately, to lead to the de-listing of threatened and endangered salmonid species.  11 
The Salmon Recovery Funding Board, established within the Governor’s Salmon 12 
Recovery Office, provides financial support for a number of the following regional 13 
salmon recovery planning efforts. 14 

Puget Sound 15 
The Shared Strategy for the Recovery of Salmon in Puget Sound (Shared Strategy) 16 
encompasses the watersheds surrounding Puget Sound.  It is a collaborative effort 17 
involving local citizens, tribes, watershed planning groups, large stakeholder groups 18 
working in the watersheds, State agencies, Federal agencies, and local government 19 
agencies to create a recovery plan to protect and restore salmon runs, recover listed 20 
species, and improve conditions in the entire ecosystem. 21 

In addition, the Tri-County Salmon Recovery Initiative heads up recovery efforts in the 22 
central Puget Sound area covering the three most populous and urbanized counties - 23 
Snohomish, King, and Pierce.  Along with the county governments, other contributors to 24 
the planning effort to protect and recover listed species include Federal and State 25 
agencies, tribes, local communities, businesses, and environmental organizations (Salmon 26 
Info Center 2003; Joint Natural Resources Cabinet 1999).  This group faces the particular 27 
challenge of protecting and restoring aquatic resources in an increasingly urbanized 28 
environment. 29 

Lower Columbia River 30 
The Lower Columbia Fish Recovery Board develops salmon recovery plans for all ESA-31 
listed salmon (bull trout, chinook, chum, and steelhead) in Clark, Cowlitz, Lewis, 32 
Wahkiakum, and Skamania Counties and includes members from the Cowlitz Tribe, 33 
county commissioners, citizens, and private interests.  The Lower Columbia Fish 34 
Recovery Board was created by the Legislature in 1998 and aims to implement watershed 35 
conservation strategies for waters from the White Salmon River to the mouth of the 36 
Columbia River (Lower Columbia Fish Recovery Board 2003; Joint Natural Resources 37 
Cabinet 2002). 38 

Upper Columbia River  39 
The Upper Columbia Salmon Recovery Board includes representatives of Chelan, 40 
Okanogan, and Douglas Counties, the Confederated Tribes of the Colville Reservation, 41 
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and the Yakama Nation.  The Forest Practices Board is developing fish and wildlife plans 1 
for watersheds in north central Washington (Joint Natural Resources Cabinet 2002). 2 

Snake River  3 
The Snake River Salmon Recovery Board includes citizen and technical representatives 4 
from Walla Walla, Garfield, Asotin, Columbia, Franklin, and Whitman Counties, the Nez 5 
Perce Tribe, Confederated Tribes of Umatilla Indian Reservation, and partnerships with 6 
State and Federal agencies.  The Snake River Salmon Recovery Board coordinates 7 
salmon recovery projects, and is developing an HCP for the Walla Walla watershed 8 
(Snake River Salmon Recovery Board 2001; Joint Natural Resources Cabinet 2002). 9 

Middle Columbia River 10 
The Yakima Subbasin Fish and Wildlife Planning Board includes counties, cities, and the 11 
Yakama Nation, and is working on draft regional fish and wildlife plans that address 12 
ESA-listed fish. 13 

Other Groups 14 
In addition, the WDFW administers and funds, with support from the U.S. Fish and 15 
Wildlife Service (USFWS), groups known as Regional Fisheries Enhancement Groups.  16 
The Regional Fisheries Enhancement Groups develop and implement habitat projects 17 
including habitat restoration, fish passage barrier removal, erosion control, along with 18 
projects for salmon production, stream nutrient enrichment, watershed monitoring, and 19 
education and outreach to encourage watershed stewardship (Joint Natural Resources 20 
Cabinet 2002).  The groups include the Nooksack Salmon Enhancement Association, 21 
Skagit Fisheries Enhancement Group, Stilly-Snohomish Fisheries Enhancement Task 22 
Force, Mid-Sound Regional Fisheries Enhancement Group, Hood Canal Salmon 23 
Enhancement Group, South Puget Sound Salmon Enhancement Group, North Olympic 24 
Salmon Coalition, Pacific Salmon Coalition, Chehalis Basin Fisheries Task Force, 25 
Willapa Regional Fisheries Enhancement Group, Lower Columbia River Fisheries 26 
Enhancement Group, Eastern Washington Fisheries Enhancement Group, Tri-State 27 
Steelheaders Regional Fisheries Enhancement Group, and Upper Columbia Fisheries 28 
Enhancement Group. 29 

Cumulatively, the proposed action and the State Salmon Recovery Strategy would 30 
continue to protect listed species in the State of Washington through compatible resource 31 
management.  Cumulatively, the proposed action and the State Salmon Recovery 32 
Strategy would continue to improve conditions for listed species across the analysis area, 33 
as compared to current conditions and past impacts, through compatible resource 34 
management goals.  As stated above, the State Salmon Recovery Strategy represents a 35 
statewide effort to improve salmon habitat.  Implementation of the proposed action would 36 
be consistent with the State Salmon Recovery Strategy by furthering aquatic habitat 37 
protection on forestlands regulated by the Washington Forest Practices Act.  This would 38 
be accomplished through measures aimed at protecting riparian and aquatic habitats such 39 
as RMZs, no-harvest buffers around unstable slopes, and implementation of road 40 
maintenance and abandonment plans.  Cumulatively, both No Action Alternative 41 
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scenarios, Alternative 3, and Alternative 4 would notnone of the alternatives would 1 
contribute as effectively as Alternative 2 to State Salmon Recovery strategies that protect 2 
listed species.  The reasons for this lower level of effectiveness include lack of regulatory 3 
assurances (No Action Alternative scenarios 1 and 2), likely reduced support and funding 4 
for adaptive management and potential increases in forestland conversion as a result of 5 
reduced regulatory assurances (Alternative 3), and requirements for wide riparian buffers 6 
that would be economically prohibitive for some landowners to maintain (Alternative 4). 7 

Salmon and Steelhead Habitat Inventory and Assessment Program 8 
In 1991, WDFW and the western Washington Treaty Indian Tribes began the Wild Stock 9 
Restoration Initiative to catalog and inventory salmon and steelhead stocks to determine 10 
their population status.  The first product of this partnership was the Salmon and 11 
Steelhead Stock Inventory (also known as the SASSI Report), which delineated fish 12 
stocks, and determined their origin and status.  13 

In 1995, as a continuation of the Wild Stock Restoration Initiative and the work 14 
completed in SASSI, the Salmon and Steelhead Habitat Inventory and Assessment 15 
Program began.  The program is co-managed by the WDFW and the Northwest Indian 16 
Fisheries Commission.  With the help of partner organizations throughout the Pacific 17 
Northwest, and funding from the Governor’s Salmon Recovery Office, the Salmon and 18 
Steelhead Habitat Inventory and Assessment Program collects information about habitat 19 
conditions and fish stocks and consolidates it into a single database.  It is an important 20 
tool that assists resource managers in identifying habitat restoration projects having the 21 
greatest benefit to fish.  Computer generated maps are available that allow the user to 22 
view salmon conditions over a large geographic area, or to find information on a single 23 
stream segment.  It helps those working to restore salmon habitat to: 24 

• Analyze habitat conditions 25 
• Identify barriers to salmon migration 26 
• Identify and prioritize habitat protection and restoration projects 27 
• Develop recovery plans 28 

The Salmon and Steelhead Habitat Inventory and Assessment Program currently covers 29 
WRIAs 1-23 (western Washington).  Work is partially funded and underway to extend 30 
program coverage to WRIAs 24-62 (eastern Washington).  Twenty-nine partner 31 
organizations throughout the Pacific Northwest include colleges and universities; Federal, 32 
State, and local governments; conservations groups; western Washington Treaty Indian 33 
Tribes; the Yakama Nation; and the Confederated Tribes of the Colville Reservation.  34 

Cumulatively, the proposed action and the Salmon and Steelhead Habitat Inventory and 35 
Assessment Program would continue to protect listed species in the State of Washington 36 
through compatible resource management.  Cumulatively, the proposed action and the 37 
Salmon and Steelhead Habitat Inventory and Assessment Program would continue to 38 
improve conditions for listed species across the analysis area, as compared to current 39 
conditions and past impacts, through compatible resource management goals.  As stated 40 
above, the Salmon and Steelhead Habitat Inventory and Assessment Program establishes 41 
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a partnership between the WDFW and the western Washington Treaty Indian Tribes to 1 
catalog and inventory salmon and steelhead stocks to determine their population status.  2 
Implementation of the proposed action would be consistent with the Salmon and 3 
Steelhead Habitat Inventory and Assessment Program by furthering aquatic habitat 4 
protection on forestlands regulated by the Washington Forest Practices Act.  This would 5 
be accomplished through measures aimed at protecting riparian and aquatic habitats such 6 
as RMZs, no-harvest buffers around unstable slopes, and implementation of road 7 
maintenance and abandonment plans.  Cumulatively, both No Action Alternative 8 
scenarios, Alternative 3, and Alternative 4 would notnone of the alternatives would 9 
contribute as effectively as Alternative 2 to Salmon and Steelhead Habitat Inventory and 10 
Assessment Program strategies that protect listed species.  The reasons for this lower 11 
level of effectiveness include lack of regulatory assurances (No Action Alternative 12 
scenarios 1 and 2),  likely reduced support and funding for adaptive management and 13 
potential increases in forestland conversion as a result of reduced regulatory assurances 14 
(Alternative 3), and requirements for wide riparian buffers that would be economically 15 
prohibitive for some landowners to maintain (Alternative 4). 16 

5.2.2.3 Local Statutes and Regulations and Local and Private Plans and 17 
Programs 18 

Private and Local Government Habitat Conservation Plans 19 
Several private timber companies and local government entities have completed HCPs 20 
that include aquatic species (Table 5-1).  Most of the HCPs prepared in Washington 21 
address issues concerning multiple listed wildlife and/or aquatic species.  Through 22 
cooperation with USFWS and National Marine Fisheries Service (NMFS), the plans 23 
allow for management of lands for various uses while ensuring the conservation and 24 
protection of threatened and endangered salmon, trout, and steelhead species.  The 25 
following forest landowner HCPs represent efforts across the State to maintain 26 
compliance with the ESA while continuing land management activities. 27 

• Green Diamond Resource Company (formerly Simpson Resource Company) has an 28 
HCP for operations on 261,575 acres of forestland in Grays Harbor, Mason, and 29 
Thurston Counties in western Washington.  The HCP provides coverage for 24 30 
species, among them a number of aquatic species including chinook, chum, and coho 31 
salmon, bull trout, coastal cutthroat trout, and steelhead (USFWS 2003b).  Aquatic 32 
resource protection is based on 49 different geomorphological stream channel 33 
classifications. 34 

• Plum Creek Timber Company implements an HCP for bull trout and 25 other species 35 
on 169,177 acres of its lands along the Interstate-90 corridor between Seattle and 36 
Ellensburg (Plum Creek 1996).  The Plum Creek Timber HCP includes a riparian 37 
management strategy that consists of five parts: 1) compliance with the Washington 38 
Forest Practices Rules, 2) Watershed Analysis, 3) maintenance and protection of over 39 
12,000 acres of riparian habitat areas and wetlands, 4) deferred harvest on stream 40 
segments listed as impaired on the Clean Water Act 303(d) list and Wetland 41 
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Management Zones, and 5) an aquatic resources monitoring program (Plum Creek 1 
1996, p. 259). 2 

• West Fork Timber HCP (formerly Murray Pacific) covers multiple terrestrial and 3 
aquatic species including bull trout on 53,527 acres in Lewis County (USFWS 4 
2003b).  The HCP calls for the creation and maintenance of riparian buffers and no-5 
harvest zones.  It also calls for road maintenance and abandonment in accordance 6 
with the Washington Forest Practices Rules (Murray Pacific 1995). 7 

• Port Blakely HCP covers the 7,486-acre Robert B. Eddy Tree Farm in Grays Harbor 8 
and Pacific Counties.  The HCP covers multiple terrestrial and aquatic species 9 
including bull trout, coastal tailed frog, Cascades frog, and Van Dyke’s salamander. 10 

Two local governments, the City of Seattle and Tacoma Water, have HCPs for 11 
watersheds within their jurisdictions.   12 

• The City of Seattle manages the Cedar River Watershed HCP for 77 species, 13 
including bull trout, on 90,545 acres in King County (City of Seattle 1998).  The 14 
HCP includes a number of riparian and aquatic strategies, including commitments to: 15 
eliminate timber harvest for commercial purposes on all land and to set aside that 16 
land into an ecological reserve; to commit approximately $27.2 million for a fish and 17 
wildlife habitat restoration program; and to remove approximately 38 percent of the 18 
forest roads within the watershed in the first 20 years of the HCP (City of Seattle 19 
1998, Executive Summary).   20 

• The Tacoma Water HCP stretches over 15,000 acres of the Green River Watershed 21 
and provides protection for 30 species including chum, sockeye, and chinook salmon, 22 
coastal cutthroat trout, steelhead, and bull trout.  23 

Cumulatively, the proposed action and private and local government HCPs would 24 
continue to protect listed species in the State of Washington through compatible resource 25 
management.  Cumulatively, the proposed action and private and local government HCPs 26 
would continue to improve conditions for listed species across the analysis area, as 27 
compared to current conditions and past impacts, through compatible resource 28 
management goals.  As stated above, the objectives of private and local government 29 
HCPs are generally to allow for the management of lands for various uses while ensuring 30 
the conservation and protection of threatened and endangered salmon, trout, and 31 
steelhead species.  Implementation of the proposed action would be consistent with 32 
private and local government HCPs by furthering aquatic habitat protection on 33 
forestlands regulated by the Washington Forest Practices Act, while allowing for a viable 34 
forest products industry.  This would be accomplished through measures aimed at 35 
protecting riparian and aquatic habitats such as RMZs, no-harvest buffers around unstable 36 
slopes, and implementation of road maintenance and abandonment plans.  Cumulatively, 37 
both No Action Alternative scenarios, Alternative 3, and Alternative 4, would notnone of 38 
the alternatives would contribute as effectively as Alternative 2 to private and local 39 
government HCP strategies that protect listed species.  The reasons for this lower level of 40 
effectiveness include lack of regulatory assurances (No Action Alternative scenarios 1 41 
and 2),  likely reduced support and funding for adaptive management and potential 42 
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increases in forestland conversion as a result of reduced regulatory assurances 1 
(Alternative 3), and requirements for wide riparian buffers that would be economically 2 
prohibitive for some landowners to maintain (Alternative 4). 3 

Land Exchanges and Purchases 4 
Other voluntary efforts that can promote natural resource conservation include land 5 
exchanges and purchases among private and public forest landowners.  Land exchanges 6 
and purchases can serve a variety of purposes, including consolidation for protection of 7 
sensitive habitats and corridors, other environmental benefits, management efficiency, 8 
and economic benefits.  The Interstate 90 land exchange and the Huckleberry land 9 
exchange are two of the largest and most recent land exchanges.  Both involved a major 10 
private forest landowner and the U.S. Forest Service.  11 

Cumulatively, the proposed action and voluntary land exchanges among private and 12 
public forest landowners would continue to protect listed species in the State of 13 
Washington through compatible resource management.  Cumulatively, the proposed 14 
action and voluntary land exchanges among private and public forest landowners would 15 
continue to improve conditions for listed species across the analysis area, as compared to 16 
current conditions and past impacts, through compatible resource management goals.  As 17 
stated above, many of these exchanges are designed to protect and consolidate sensitive 18 
habitats and corridors.  Implementation of the proposed action would be consistent with 19 
the intended benefits of land exchanges by furthering aquatic habitat protection on 20 
forestlands regulated by the Washington Forest Practices Act.  This would be 21 
accomplished through measures aimed at protecting riparian and aquatic habitats such as 22 
RMZs, no-harvest buffers around unstable slopes, and implementation of road 23 
maintenance and abandonment plans.  Cumulatively, both No Action Alternative 24 
scenarios, Alternative 3, and Alternative 4 would notnone of the alternatives would 25 
contribute as effectively as Alternative 2 to land exchanges and purchases that protect 26 
listed species.  The reasons for this lower level of effectiveness include lack of regulatory 27 
assurances (No Action Alternative scenarios 1 and 2),  likely reduced support and 28 
funding for adaptive management and potential increases in forestland conversion as a 29 
result of reduced regulatory assurances (Alternative 3), and requirements for wide 30 
riparian buffers that would be economically prohibitive for some landowners to maintain 31 
(Alternative 4). 32 

5.3 ANALYSIS OF CUMULATIVE EFFECTS 33 

5.3.1 Air Quality 34 
The main sources of air pollution in western Washington are:  motor vehicles (55 35 
percent), industrial (13 percent), and wood stoves (9 percent).  The resource parameters 36 
for analysis are smoke and dust pollution.  Approximately 4 percent is generated from 37 
outdoor burning, a portion of which comes from forest management activities 38 
(Washington Department of Ecology 2003).  Air quality in Washington is generally good 39 
or moderate, although some areas do not meet Federal standards on some days.  Air 40 
quality has improved greatly since 1987 when Washington air violated air quality 41 
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standards on 150 days.  This figure dropped to 7 days in 1999 (Washington Department 1 
of Ecology 2003).  However, air pollution in a number of communities in the State is 2 
within 10 percent of violating Federal standards for smog (ozone), carbon monoxide, and 3 
fine particles.  Population growth and economic expansion, which result in more cars on 4 
the roads, may push emissions of air pollutants higher.   5 

Smoke and dust pollution are still a problem in some areas, primarily in central and 6 
eastern Washington.  To address these problems, Ecology implements a program that 7 
includes:  8 

• Requiring permits for agricultural burning, land clearing, fire training, and other 9 
outdoor burning 10 

• Setting conditions under which burning may be conducted 11 
• Producing daily burn forecasts using local air quality, weather, and burning demand 12 

information 13 
• Responding to and resolving complaints related to smoke and dust 14 
• Providing technical assistance to manage and prevent dust and outdoor burning 15 

impacts 16 
• Designing and delivering community-education programs, technical assistance, 17 

research and demonstration projects 18 
• Fostering development and use of dust mitigation techniques and practical 19 

alternatives to burning  20 

Ecology’s goals for improving air quality in areas where smoke and dust are a problem 21 
include: 22 

• Reducing emissions from cereal grain stubble burning by 50 percent of the 1998 level 23 
by 2005  24 

• Improving and streamlining outdoor burning permit and smoke management systems 25 
• Auditing local burn permit programs to ensure effective and efficient operations 26 
• Fostering the development and use of practical alternatives and BMPs for burning 27 

and dust mitigation 28 

Throughout most of Washington, burning on State and private lands to reduce harvest 29 
slash is a very minor contributor to air pollution.  It is a small part of outdoor burning, 30 
which in turn is a very small component of total air pollution (4 percent).  This is 31 
especially true in western Washington where little broadcast burning of slash occurs and 32 
where the normally wet weather contributes to dust control.  In those portions of eastern 33 
Washington where smoke and dust are still a problem, forest operations on State and 34 
private land play a role in regional air quality.  However, the alternatives do not directly 35 
affect the amount of burning or dust emissions, and the cumulative effects associated 36 
with the alternatives would be minor, at most, when compared to current conditions.   37 

As compared to No Action Alternative 1-Scenario 2, No Action Alternative 1-Scenario 1, 38 
Alternative 2, and Alternative 3 may have a slightly lower contribution to cumulative air 39 
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quality problems from slash burning due to reduced harvest levels.  Alternative 4 may 1 
reduce this contribution further due to additional harvest restrictions.  However, the 2 
potential for increased wildfire activity associated with Alternative 4 may periodically 3 
offset these reductions.  4 

5.3.2 Land Ownership and Use 5 
The only potential for cumulative effects on land ownership or use that is associated with 6 
the alternatives is the issue of forestland conversion, which is the main resource 7 
parameter for analysis.  As noted in subsection 4.2.3.2 (Forestland Conversion), 8 
restrictions of forestland use, and in particular RMZ restrictions, can affect the rate of 9 
conversion of forestlands to other uses.  While this factor would affect all forest 10 
landowners to some degree, it is especially important for small forest landowners in 11 
western Washington where population growth rates and development pressures are high 12 
(Washington DNR 1998).  13 

It was noted that non-industrial private forestlands in Washington were converted from 14 
primary forestland to non-primary forest use between 1979 and 1989 at a rate of almost 15 
100 acres per day (Washington DNR 1998).  Non-primary forest use in this study 16 
included other land uses, such as residential development, as well as conversion to 17 
smaller or less dense parcels of forestland.  Most of this conversion occurred in western 18 
Washington typically within urban growth boundaries and on the fringes of the 19 
suburban/rural interface.  Conversion information available from Washington DNR’s 20 
Forest Practices Application Review System database indicates that 53,821 acres were 21 
converted from forestland to other uses between 1997 and 2003 (Table 3-11).  A study 22 
conducted by The Wilderness Society that assessed changes in forest cover in King, 23 
Pierce, and Kittitas Counties from 1985 to 1999 found that approximately 96,000 acres 24 
had been converted from forest to urban development during that period in the three-25 
county study area (Thomson et al. 2003). 26 

Subsection 4.2.3.2 (Forestland Conversion) concluded that the rate of forestland 27 
conversion would remain similar to past rates under No Action Alternative 1-Scenario 2, 28 
and the rate of conversion would likely increase under the other alternatives.  It was 29 
concluded that No Action Alternative 1-Scenario 1 would result in reduced stakeholder 30 
support and lower funding levels for adaptive management from current levels.  31 
Alternative 3 would also be expected to have lower funding levels from adaptive 32 
management compared to current levels.  Alternative 2 would have stakeholder support 33 
and funding levels similar to current levels, which would be expected to be higher than 34 
No Action Alternative 1-Scenario 1, and substantially higher than No Action Alternative 35 
1-Scenario 2.  Small landowner mitigation viewed in terms of financial compensation 36 
would, therefore, be lowest under No Action Alternative 1-Scenario 1, higher under 37 
Alternative 3, and highest under Alternative 2.   38 

This effect would likely result in the lowest rate of conversion under No Action 39 
Alternative 1-Scenario 2, due to the least RMZ restrictions.  Alternative 2 would likely 40 
have the next lowest conversion rates even though RMZ restrictions under Alternative 2 41 
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would be greater than No Action Alternative 1-Scenario 2.  This is because small 1 
landowner compensation programs would likely be well funded under Alternative 2, and 2 
all forest landowners would be afforded substantially more regulatory certainty than 3 
under either scenario of No Action Alternative 1.  No Action Alternative 1-Scenario 1 4 
and Alternative 3 are likely to result in increased conversion rates as compared to No 5 
Action Alternative 1-Scenario 2 due to restrictive RMZ rules (relative to No Action 6 
Alternative 1-Scenario 2), a lack of regulatory certainty, and a decrease in small 7 
landowner compensation programs.   8 

RMZ restrictions would be substantially higher under Alternative 4 than under all other 9 
alternatives.  As a result, it is likely that the economic viability for forest landowners, 10 
especially small landowners would be substantially lower under Alternative 4, and the 11 
potential for forestland conversion could be substantially higher than under any of the 12 
other alternatives.  These types of effects would be particularly likely in the South Puget 13 
Sound and West Puget Sound Regions, as well as the North Puget Sound Region, where 14 
substantial urban development pressures exist, and non-industrial private forestlands are 15 
often located along the urban-wildland interface.  Still, county regulations, the proximity 16 
of properties to urban areas, the current real estate market, and other factors would 17 
contribute to how fast conversion could take place under any alternative. 18 

5.3.3 Aquatic Resources 19 
This subsection is divided into three parts.  The landscape-level cumulative effects on 20 
water resources and fish and fish habitat are addressed in the first two subsections.  This 21 
is followed by a cumulative watershed effects analysis for aquatic resources in general.  22 
The primary resource parameters for review are water quality and flow regimes. 23 

5.3.3.1 Water Resources  24 
Forestlands cover approximately one-half of all lands in Washington State, and the 25 
Washington Forest Practices Rules apply to a substantial portion of these lands on both 26 
the east and westsides of the Cascade crest.  Table 3-3 describes the ownership by region 27 
of these forested lands.  The importance of the Washington Forest Practices Rules to 28 
regional water quality depends on the percentage of forestlands that are subject to these 29 
rules regionally, as well as to other land uses in the region.  For example, the percentage 30 
of protected forestland that is not available for timber production varies substantially 31 
from region to region (subsection 4.8.4, Synthesis by Analysis Region); it ranges from 48 32 
percent in the North Puget Sound Region to less than 1 percent in the Columbia Basin.  33 
Additionally, the impact of forestland conversion would be more of a concern for some 34 
regions than others. 35 

The total percentage of forestland governed by the Washington Forest Practices Rules on 36 
the westside is approximately 62 percent (8.0 million acres) and on the eastside is 37 
approximately 34 percent (3.4 million acres) (these acreages include existing HCP lands).  38 
On the eastside, forestlands contain approximately 46 percent of all stream miles, and on 39 
the westside forestlands contain about 84 percent.  Statewide, the percentage of forested 40 
lands that is subject to the Washington Forest Practices Rules and is available for timber 41 
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management varies from 17 percent (Upper Columbia-Downstream of Grand Coulee 1 
Region) to 93 percent (Southwest Region) (almost 100 percent of the forestlands in the 2 
Columbia Basin Region are subject to the Washington Forest Practices Rules, but the 3 
Region has a very small acreage of forestlands [13,000 acres]).  4 

Across the State, various statutes, regulations, plans, and programs cover forestland and 5 
adjacent lands and are designed to benefit water quality and flows, as well as associated 6 
aquatic resources (subsection 5.2.2, Statutes, Regulations, Plans, and Programs).  7 
Foremost among these are the Clean Water Act, Northwest Forest Plan, Washington 8 
Department of Ecology Water Quality Plans and Programs, and Washington Pesticide 9 
Laws and Regulations.  The Washington Forest Practices Rules contribute to the 10 
protection of surface water resources in concert with these other regulations.  11 

An evaluation of cumulative effects to water resources as a result of the adoption of any 12 
of the alternatives on water quality and peak flows can logically be assessed by region in 13 
terms of past land and water use and water resources impacts, current land use, and 14 
regulations.  A description of historic practices and actions that produced the current 15 
resource conditions is presented by region in DEIS Appendix A (Regional Summaries).  16 
In effect, these regional summaries represent a summary of past and present cumulative 17 
effects by region.  18 

The Snake and Columbia Basin Regions should experience the lowest potential for 19 
cumulative water quality and peak flow effects due to changes in the Washington Forest 20 
Practices Rules because these Regions have a small percentage of forestland, and 21 
agriculture is the dominant land use.  The Middle Columbia and Upper Columbia 22 
Regions (Upstream and Downstream of Grand Coulee Dam) have substantial acreages of 23 
forestlands, but land use and land cover are mixed.  Additionally, hydropower dams and 24 
alterations to surface water flow for agricultural uses are often the overriding concern 25 
related to water temperature, sediment, and peak flows.   26 

On the westside of the State, all regions contain substantial amounts of forestland that is 27 
affected by the Washington Forest Practices Rules.  Only the Olympic Coast and North 28 
Puget Sound Regions do not have a majority of the forestlands managed under the 29 
Washington Forest Practices Rules (both have 45 percent in forestland under the rules).  30 
In both the Islands and Southwest Regions, greater than 90 percent of the forestland is 31 
subject to the Washington Forest Practices Rules and, therefore, could experience a 32 
substantial local effect from changes in them.  However, the Islands Region represents 33 
less than 1 percent of lands in the State.   34 

West Puget Sound (57 percent), Lower Columbia (63 percent), and South Puget Sound 35 
(73 percent) Regions could experience moderate effects on water quality and peak flows 36 
relative to other westside regions.  The issue of forestland conversion and urbanization is 37 
substantial on the westside, however.  Compared to all other regions West Puget Sound 38 
contains the largest percentage of stream miles on exempt 20-acre parcels (approximately 39 
5 percent) (Rogers 2003), and presumably a substantial amount of other small forest 40 
landowners.   41 
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The North and South Puget Sound and Lower Columbia Regions contain urban growth 1 
areas associated with Bellingham, Everett, Seattle, Tacoma, Longview, and Vancouver, 2 
as well as agricultural lands on mainstem rivers.  Forestland conversion to more intense 3 
land uses in these Regions and the often accompanying adverse effects of diminished 4 
water quality and altered hydrologic regimes would likely vary between the alternatives.  5 
Additionally, the potential for landslides varies by region (DEIS Appendix A).  All 6 
regions in western Washington except the Islands Region have substantial areas of 7 
potentially unstable slopes on forestlands, which could affect water quality on a regional 8 
scale and vary between the alternatives. 9 

No Action Alternative 1-Scenario 2 10 
In terms of regional and statewide cumulative effects, No Action Alternative 1-11 
Scenario 2 has the greatest likelihood of adverse effects to water quality and peak flows 12 
(as compared to current conditions) from rule changes in forested regions, but in some 13 
regions this alternative may slow the rate of forestland conversion, partially offsetting 14 
these effects (i.e., West, North, and South Puget Sound, and Lower Columbia Regions).  15 

No Action Alternative 1-Scenario 1 16 
No Action Alternative 1-Scenario 1 poses a minimal chance of cumulative effects on 17 
water quality and peak flows in the short term as compared to No Action Alternative 1-18 
Scenario 2.  However, over time, the potential for adverse cumulative effects increases 19 
due to the lack of an effective adaptive management program, as well as the potential for 20 
increased forestland conversion.  There may be negative effects on water quality and 21 
peak flows, particularly in regions that contain a large percentage of small landowners 22 
and in close proximity to rapidly growing urban areas.  A lack of regulatory certainty and 23 
decreases in financial mitigation funding for small landowners are expected to increase 24 
the rates of conversion, particularly in the West, North and South Puget Sound, and 25 
Lower Columbia Regions.  Conducting Watershed Analysis would aid in addressing 26 
cumulative effects at the watershed scale, and there may be some incentive for private 27 
landowners to do so to gain some State level regulatory stability. 28 

Alternative 2  29 
Alternative 2 represents the current Washington Forest Practices Rules with the 30 
assurances of an HCP and, therefore, poses no increased potential for adverse cumulative 31 
effects to water quality or peak flows in comparison to current conditions and past 32 
impacts.  Over time, the potential for adverse cumulative effects would likely decrease 33 
due to adaptive management, which would be applied based on regularly scheduled 34 
monitoring.  Due to long-term regulatory/funding stability, Alternative 2 likely results in 35 
the greatest potential for beneficial cumulative effects and the best opportunity to slow, or 36 
at least not increase, the rate of forestland conversion.  Compared to No Action 37 
Alternative 1-Scenario 1, the likelihood of adverse cumulative effects would decrease 38 
over time under this alternative.  This is due to a fully supported adaptive management 39 
program.  Compared to No Action Alternative 1-Scenario 2, the likelihood of adverse 40 
cumulative effects would decrease immediately due to more restrictive protection 41 
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measures, and would become much less of a concern over time due to a fully supported 1 
adaptive management program.  2 

Similar to Alternative 3, Alternative 2 also includes protection measures in two general 3 
categories:  a riparian strategy and an upland strategy.  The riparian strategy includes 4 
measures designed to maintain and restore riparian processes that create aquatic habitat, 5 
with particular emphasis on LWD recruitment and shade retention, but also including 6 
sediment filtration, stream bank stability, litterfall, and nutrients, in addition to other 7 
processes important to riparian and aquatic systems.  The upland strategy includes 8 
measures that apply to upslope areas generally located outside the aquatic and riparian 9 
environments.  These measures are designed to maintain and restore upslope processes 10 
that affect aquatic habitat such as erosion and hydrology that may adversely affect the 11 
quality and quantity of riparian and aquatic habitat lower in the watershed.  The riparian 12 
and upland strategies found in Alternative 2, combined with a fully functioning adaptive 13 
management program, would likely result in a decrease in long-term adverse cumulative 14 
effects as compared to Alternative 1-Scenario 2. 15 

Alternative 3 16 
Alternative 3 represents the current Washington Forest Practices Rules with the 17 
assurances of an ESA Section 4(d) rule limit and, therefore, poses no immediate 18 
increased potential for adverse cumulative effects on water quality or peak flows as 19 
compared to current conditions.  Over time the potential for adverse cumulative effects 20 
would likely decrease compared to No Action Alternative 1-Scenario 1 due to a more 21 
functional adaptive management program, and particularly compared to No Action 22 
Alternative 1-Scenario 2 due to more restrictive protection measures and a more 23 
functional adaptive management program.  However, adaptive management is likely to 24 
be less well supported under Alternative 3 compared to current levels and, therefore, 25 
would present less certainty in preventing future adverse cumulative effects.  26 

Alternative 4 27 
Alternative 4 would have the lowest potential for adverse cumulative effects on water 28 
quality and peak flows in the short term compared to all other alternatives and current 29 
conditions, particularly No Action Alternative 1-Scenario 2.  The regions that would 30 
likely benefit the most in terms of reduced adverse impacts to water quality and 31 
hydrology under Alternative 4 are Islands, Southwest, and Olympic Coast Regions, 32 
followed by South and West Puget Sound, Lower Columbia, and North Puget Sound 33 
Regions due to competing land use effects.  Eastern Washington regions would be 34 
expected to see less of an effect on water quality and peak flows due to competing land 35 
use effects, a smaller percentage of land under the Washington Forest Practices Rules, 36 
and fewer areas of steep or potentially unstable slopes as compared to western 37 
Washington. 38 

Over the long term, forestland conversion rates would be expected to increase due to the 39 
economic impacts to forest landowners, especially small landowners.  Also, adaptive 40 
management would not be well supported under Alternative 4.  Forestland conversion, 41 
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especially in rapidly growing areas and with high numbers of small landowners (i.e., 1 
West, North and South Puget Sound, and Lower Columbia Regions) has the potential to 2 
override the benefits of more restrictive rules.  Further, a less functional adaptive 3 
management program would increase the uncertainty associated with rule effectiveness 4 
and may not provide a mechanism for identifying and correcting ineffective management 5 
prescriptions.  This would likely result in an increasing potential for adverse cumulative 6 
effects in the future, or at least uncertainty about the effectiveness of the protection 7 
measures over the long term.   8 

5.3.3.2 Fish and Fish Habitat 9 
Washington’s salmon, steelhead, trout, and other species of fish represent an important 10 
part of the culture, economy, biology, and history of the State.  A host of factors have 11 
contributed to the decline of salmon, steelhead, and trout (and some other species) across 12 
the State that resulted in the listing of many salmonids as threatened and endangered 13 
under the ESA.  These factors include agricultural practices, urbanization, forest 14 
practices, hydropower dams, barriers to fish movement (such as road crossings), 15 
commercial and recreational fish harvest, and hatcheries along with natural factors such 16 
as predation and ocean conditions (Joint Natural Resources Cabinet 1999).  Many of the 17 
factors that have contributed to the decline of salmon, steelhead, and trout are a result of 18 
historic practices that have and/or will continue to be improved as knowledge of land use 19 
impacts to habitat and species improves.  While some practices require much more 20 
improvement than others to lessen or halt adverse impacts, they all are important 21 
components to salmon recovery. 22 

In addition, the Washington State’s Forest Practices Act rRules package and Forest 23 
Practices Regulatory Program represents only one of many other regulations that include 24 
protective measures and protection or conservation strategies for salmon and other 25 
aquatic and riparian-dependent species in the State.  Plans that benefit fish habitat and 26 
water quality in Washington include large, multi-State Federal forest management plans 27 
(e.g., the Northwest Forest Plan), State and private landowner Habitat Conservation 28 
PlansHCPs, local watershed planning efforts, individual conservation and management 29 
efforts, and a number of others efforts (subsection 5.2.2, Statutes, Regulations, Plans, and 30 
Programs).  These are contributing cumulatively to the protection and conservation of 31 
Washington’s fish and their habitats.  The following analysis focuses on those parameters 32 
resulting from factors of decline, which include water quality conditions and associated 33 
conservation and recovery efforts. 34 

Western Washington 35 
A very high portion of western Washington (13,0078,000 acres or 83 percent) is forested.  36 
The Washington Forest Practices Rules regulate commercial timber activities for private 37 
holdings on a moderate portion, about 40 percent (6,289,000 acres) of lands, which 38 
includes 48 percent of all forestlands in western Washington.  The State also manages an 39 
additional 11 percent of all lands (13 percent of all forests) primarily under the 40 
Washington DNR State Trust Lands HCP (Washington DNR 1997d).  Federal and State 41 
protected forestlands, not managed for timber harvest, include a moderate portion (about 42 
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26 percent) of all westside lands and a moderate portion (32 percent) of all forestlands.  1 
Also, Federal and tribal forestlands, available for timber harvest, equal about 6 percent of 2 
all westside lands (7 percent of all forestlands). 3 

The portion of streams on affected lands can influence overall cumulative effects to fish 4 
and fish habitat.  The amount of streams in western Washington is relatively high for the 5 
State (125,820 stream miles), having 47 percent of all State streams, but only 36 percent 6 
of the land area.  But within the western Washington regions, a high portion of all 7 
Wwestside streams (47 percent) is protected under the Washington Forest Practices 8 
Rules.  So the alternative actions have the potential to affect a large portion of all western 9 
Washington aquatic habitats.   10 

Other land use activities have a major influence on aquatic habitat and fish within 11 
western Washington.  Currently about 4 percent of the land base is 12 
residential/commercial, and 5 percent is agricultural (Table 3-2).  Much of this area is 13 
along lower reaches of streams that have traditionally been the most productive, so the 14 
overall adverse effect of these activities has been much greater than their relative area due 15 
to higher intensity land uses (e.g., agricultural, residential, commercial).  These lower 16 
basin areas, especially along portions of Puget Sound, where the intensity of both urban 17 
and agricultural development has been relatively high, have a great influence, typically 18 
much more so than forestry, on streams and the aquatic environment.  Some of these and 19 
additional basin activities, such as hydroelectric projects and past estuary modifications, 20 
will likely continue to have cumulative negative effects on aquatic resources, independent 21 
of the Washington Forest Practices Rules. 22 

As noted earlier, many of the Federal, and State, and local planning efforts  plans and 23 
programs will have cumulative positive effects on aquatic habitat and fish resources 24 
within western Washington (subsection 5.2.2, Statutes, Regulations, Plans, and 25 
Programs).  These include the following:  (1) the Northwest Forest Plan (especially in 26 
western WashingtonUSDA Forest Service and USDI Bureau of Land Management 27 
1994); (a2) Federal recovery plans and those under development for listed salmon 28 
species, including Chinook, chum, sockeye, steelhead, and coho (See 29 
http://www.nwr.noaa.gov/Salmon-Recovery-Planning/, accessed: December 12,  2005); 30 
(3) Federal draft recovery plans for bull trout (See:  31 
http://www.fws.gov/pacific/bulltrout/recovery.html,  accessed: December 12,  2005); (4) 32 
Shared Salmon Strategy for Puget Sound (http://www.sharedsalmon strategy.org/,  33 
accesedaccessed:  December 12,  2005); (5) approved Habitat Conservation PlansHCPs; 34 
and (6) and many others.   (USDA Forest Service and USDI Bureau of Land 35 
Management 1994).  As these various plans and programs continue to be implemented, 36 
they Aquatic Conservation Strategy under the Northwest Forest Plan is implemented in 37 
the long-term, stream protection strategies on Federal lands will complement the 38 
strategies under No Action Alternative 1-Scenario 1, and Alternatives 2, 3, and 4, 39 
particularly in watersheds with substantial amounts of Federal and private mixed 40 
ownership in the Cascades and Olympics.  Under No Action Alternative 1-Scenario 2 and 41 
the less restrictive protection measures, maintenance of properly functioning streams and 42 
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recovery of degraded streams may not be possible in forested watersheds with high 1 
proportions of private ownership. 2 

Eastern Washington 3 
Due to the arid nature of much of eastern Washington a much smaller portion of the area 4 
(9,939,000 acres or 36 percent) is designated as forestlands relative to the westside.  The 5 
Washington Forest Practices Rules regulate commercial timber activities for private, 6 
Washington DNR, and other State holdings on a low portion (about 12 percent or 7 
3,365,000 acres) of all eastside lands, which includes a moderate portion (34 percent) of 8 
eastside forestlands.  Federal and State protected forestlands, not managed for timber 9 
harvest, include a small portion of all lands (9 percent) but a moderate portion (24 10 
percent) of all forestlands.  Also, Federal and tribal forestlands available for timber 11 
harvest equal about 15 percent of all lands, a relatively high portion (43 percent) of all 12 
forestlands. 13 

The portion of streams on affected lands can influence overall cumulative effects to fish 14 
resources.  The number of streams in eastern Washington, although abundant (139,310 15 
stream miles), is low relative to the westside due to the dry climate, with 53 percent of all 16 
streams, but on 64 percent of all lands.  Additionally the eastside of the State has a low 17 
portion of all streams (16 percent) under the Washington Forest Practices Rules.  18 
However, streams covered under the rules make up 35 percent of all forested streams.  So 19 
while the alternatives have a relatively low potential to cumulatively affect a large 20 
portion of aquatic habitat in eastern Washington, they can affect a moderate portion of 21 
forested streams, where much of the habitat for listed salmonids is found.   22 

Land use practices on the eastside differ from the westside, but also can have marked 23 
cumulative effects on aquatic habitat and resources.  Overall, 26 percent of the area is 24 
designated as agriculture, 10 percent grasslands, and 25 percent shrubland, with a small 25 
portion, about 1 percent, residential/commercial.  Outside of forestry, the major land use 26 
effects on the eastside are centered on agricultural practices.  These include the historical 27 
conversion of low-lying areas within river valleys to agricultural lands and a high level of 28 
water diversion for irrigation.  These practices will be mostly maintained into the future 29 
over much of the landscape.   30 

Almost all of the forestlands are upstream of the major agricultural areas and serve as 31 
refuge for many of the native fish species.  Additional cumulative effects have included 32 
extensive hydroelectric and water storage development, which continue to impede the 33 
passage of many of the listed anadromous fish stocks in eastside areas.  Most stocks will 34 
have to migrate past four to nine dams on the Columbia and Snake Rivers on their 35 
migration to and from the ocean. 36 

As with the westside, there are many ongoing Federal and State plans and actions that 37 
have cumulative positive effects to aquatic habitat and fish resources within eastern 38 
Washington.  The Northwest Forest Plan , however, only affects only Federal forests 39 
along the east slope of the Cascades (USDA Forest Service and USDI Bureau of Land 40 
Management 1994).;  however, oOther Federal, State, and local planning efforts as 41 
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described in the western Washington section above, however, also apply to the much of 1 
eastern Washington.  Many Federal, State, and local planning efforts are taking place in 2 
the watersheds and basins of eastern Washington with the objective of benefiting aquatic 3 
resources in the future and will complement the strategies under No Action Alternative 1-4 
Scenario 1, and Alternatives 2, 3, and 4, particularly in watersheds with substantial 5 
amounts of Federal and private mixed ownership.  Under No Action Alternative 1-6 
Scenario 2 and its less restrictive protection measures, maintenance of properly 7 
functioning streams and recovery of degraded streams may not be possible in forested 8 
watersheds with high proportions of private ownership.  Future ESA listings may occur 9 
that would require additional ESA compliance under No Action Alternative 1-Scenario 1 10 
and No Action Alternative 1-Scenario 2. 11 

Conclusion 12 
The various programs and plans described above reflect a substantial wide-spread effort 13 
and financial commitment to improve water quality, putting listed species on a positive 14 
trend towards recovery and providing substantial protection for other aquatic and 15 
riparian-associated species across the State.  For the most part, the strategies and 16 
programs are complementary and reflect different land management goals and activities 17 
that are needed to maintain economic viability in the region and to meet legal and 18 
environmental responsibilities under the ESA and Clean Water Act.  While some adverse 19 
cumulative effects from the wide variety of land use activities are unavoidable, these 20 
effects should diminish over time as the various statutes, regulations, plans, and programs 21 
described earlier are implemented.  Many of these efforts have been underway for many 22 
years; some have just begun or are yet to begin.  Thus, it will likely take many years for 23 
the various efforts to interact in such a way as to halt and reverse negative cumulative 24 
effects.  In general, aquatic habitat on forestlands has been less impacted and should 25 
recover more quickly than aquatic habitat on agricultural lands or developed lands.   26 

From the perspective of cumulative effects, No Action Alternative 1-Scenario 2 is 27 
unlikely to meet the level of protection needed for the long-term recovery and 28 
conservation of listed species.  In contrast, No Action Alternative 1-Scenario 1 and 29 
Alternatives 2 and 3 would provide substantial additional protections over No Action 30 
Alternative 1-Scenario 2 that complements other activities in the region and contribute to 31 
listed species recovery.  Alternative 4 would provide even greater additional protection 32 
than No Action Alternative 1-Scenario 2 where management would complement 33 
activities in the region, but may or may not achieve more protection for aquatic resources 34 
than No Action Alternative 1-Scenario 1.  This protection would depend on the rate of 35 
forestland conversion that is triggered by land use restrictions.   36 

Unlike No Action Alternative 1-Scenario 1 (and Alternatives 3 and 4), Alternative 2 37 
incorporates a fully supported adaptive management program in the approach, which is 38 
widely recognized as a cornerstone to many of the plans, policies, and programs 39 
mentioned above.  Adaptive management is necessary to determine the effectiveness of 40 
the management prescriptions in meeting stated goals and objectives.  Consequently, in 41 
the long-term, Alternative 2 should result in adequate protection levels that would result 42 
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in improvements in water quality, the opportunity for recovery of listed species, and 1 
improved aquatic habitat for fish.  While both No Action Alternative 1 scenarios include 2 
some level of adaptive management, it would not be as well funded or well supported by 3 
stakeholders as it would be under Alternative 2 due to less regulatory certainty.  4 
Alternative 4, with much more restrictive protection measures, would be expected to have 5 
a low level of stakeholder and funding support for adaptive management but may still 6 
result in adequate protection levels.  However, increased forestland conversion rates in 7 
some areas may diminish some of the resource benefits of more restrictive rules, and 8 
therefore raise the uncertainty associated with this alternative. No Action Alternative 1-9 
Scenario 2, due to much less restrictive protection measures, would be a very uncertain 10 
approach to achieving aquatic habitat benefits and may likely cause further degradation. 11 

5.3.3.3 Cumulative Watershed Effects 12 
Cumulative watershed effects are defined here as the changes to the environment caused 13 
by the interaction of multiple forest practices taking place within a watershed.  Multiple 14 
forest practices include all possible combinations of forest practices including those 15 
occurring on the same site over time, or widely dispersed within the forest, occurring 16 
simultaneously or in a sequential manner (Geppert et al. 1984).   17 

Cumulative watershed effects from forest practices are addressed in the current 18 
Washington Forest Practices Rules.  Changes outlined by the alternatives would affect 19 
these rules, as discussed below. 20 

Analysis of Alternatives 21 
Rule changes or modifications to the Washington Forest Practices Rules envisioned 22 
under each of the alternatives that could cumulatively affect water quality and hydrology 23 
include Watershed Analysis, Road Maintenance and Abandonment Plans (RMAPs), 24 
Hydrologic Maturity (rain-on-snow rule), riparian and wetland buffer widths, the fate of 25 
the adaptive management program, and possible changes in the rate of forestland 26 
conversion.  These are the resource parameters reviewed in the following analysis. 27 

No Action Alternative 1-Scenario 2 28 
Under this scenario, the Washington Forest Practices Rules would revert back to the rules 29 
in effect prior to January 1, 1999, and no ITP or ESA Section 4(d) rule limit for take 30 
protection would be in place; this would likely lead to a high level of  uncertainty 31 
regarding adverse cumulative effects to aquatic resources.  32 

Watershed Analysis is assumed to continue on a voluntary basis, as there could be a 33 
benefit to landowners in the form of State regulatory certainty with respect to forest 34 
practices.  However, considering the rate at which watershed analyses were undertaken 35 
and completed under the rules in effect on January 1, 1999, Watershed Analysis (under 36 
No Action Alternative 1-Scenario 2) is unlikely to provide protection to aquatic habitats 37 
within the majority of forested watersheds over the next decade under this scenario, as 38 
compared to current conditions.. 39 

Under this alternative, RMAPs would only be required based on Watershed Analysis 40 
prescriptions or Washington DNR request.  The lack of a requirement for RMAPs from 41 



 
 

 

 

Cumulative Effects Final EIS 
 

5-46

 Chapter 5 
all landowners within a 5-year period increases the uncertainty and potential for mass 1 
wasting that could contribute sediment to surface waters. 2 

Under this alternative, there could be less protection for hydrologic impacts as compared 3 
to current conditions because there would be less forest cover retained across the 4 
landscape, thus increasing the potential for increased peak flows associated with rain-on-5 
snow events.  Riparian buffers would be narrower than under current conditions, and in 6 
general, fewer restrictions would be placed on landowners for forest management due to 7 
potential slope instability than would be expected under the other alternatives.   8 

The effects on adaptive management under this scenario are described in Chapter 2 9 
(Alternatives).  It is anticipated that funding and support for the adaptive management 10 
program would be degraded or eliminated.  With the loss of adaptive management, a 11 
program that would effectively monitor forest practices effects on sediment input and 12 
water quality and quantity would not likely be implemented.  Without the ability to 13 
quantify and understand these effects it may be more difficult to manage lands 14 
appropriately to meet the goals of ESA and the Clean Water Act. 15 

Adverse economic impacts, especially to small forest landowners, would likely be 16 
reduced under this alternative due to fewer regulatory restrictions as compared to current 17 
conditions.  Economic impacts would vary by watershed, but would likely result in a 18 
slower rate of forestland conversion than is currently occurring, as discussed in 19 
subsection 5.3.2 (Landownership and Use).  A slower rate of forestland conversion, 20 
especially at the forest-urban interface could be a net benefit to surface water quality and 21 
hydrology in some watersheds, as urbanization of these areas could degrade water quality 22 
and increase peak flows in the long term to a greater degree.  23 

No Action Alternative 1-Scenario 1 24 
Alternative 1-Scenario 1 anticipates the current Washington Forest Practices Rules, but 25 
without an ITP or ESA Section 4(d) rule limits for take protection.  Under this scenario, 26 
Watershed Analysis may continue on a voluntary basis as there could be a benefit to 27 
landowners in the form of State regulatory certainty.  RMAPs would still be required 28 
from most forestland owners on affected lands by 2016, and rain-on-snow and buffer 29 
rules would be to the same as current Washington Forest Practices Rules.  Funding and 30 
support for adaptive management, however, is expected to degrade due to the lack of 31 
regulatory certainty.  32 

Cumulative watershed impacts under this scenario would likely be mixed.  Although 33 
protection measures would be better than under No Action Alternative 1-Scenario 2, it is 34 
likely that the rate of forestland conversion would be higher than current rates.  Further, 35 
the adaptive management program would not likely be effective at determining if the 36 
rules are meeting established resource protection goals and objectives.  Therefore, the 37 
potential for adverse impacts to aquatic resources at the watershed scale would be 38 
somewhat increased over No Action Alternative 1-Scenario 2 due to less effective 39 
adaptive management and an expected increase in forestland conversion.  40 

Alternatives 2 and 3 41 
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THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 1 

Under Alternatives 2 and 3, the current Washington Forest Practices Rules would remain 2 
in effect with take protection provided by an ITP or an ESA Section 4(d) rule limit, 3 
respectively. Riparian easement programs would remain in place, reimbursing forest 4 
landowners for some of the lost value within RMZs, although the level of funding 5 
support would likely be somewhat higher under Alternative 2 than Alternative 3.  It is 6 
anticipated that forestland conversion rates would remain relatively unchanged, although 7 
they may be slightly higher under Alternative 3 compared to No Action Alternative 1-8 
Scenario 2.  The rules would be modified over time as a result of adaptive management.  9 
However, support for adaptive management would likely be higher under Alternative 2 10 
than Alternative 3. 11 

While ESA Section 4(d) rules under Alternative 3 would give landowners some 12 
assurances that take violations from ESA would be minimal to non-existent so long as the 13 
Washington Forest Practices Rules were followed, the long-term regulatory certainty 14 
associated with a Section 4(d) rule limit would be considerably less than under Section 10 15 
(i.e., issuance of an ITP).  Due to more fully supported adaptive management and less 16 
conversion of forestland, Alternative 2 would likely have the least potential for adverse 17 
watershed cumulative effects.  Compared to No Action Alternative 1-Scenario 1, and 18 
especially Scenario 2, these alternatives would likely have a lower potential for adverse 19 
cumulative effects to aquatic resources at the watershed scale.  Also, the riparian and 20 
upland strategies described for Alternative 2 are designed to maintain and restore riparian 21 
function and upslope processes affecting aquatic habitat to a high degree.  22 

END OF NEW TEXT 23 
Alternative 4 24 
Compared to current conditions and to other alternatives, This aAlternative 4 could be the 25 
most protective in terms of water quality and hydrologic cumulative effects compared to 26 
current conditions and to other alternatives due to activities related to forest management.  27 
However, this alternative would increase economic impacts to landowners, especially 28 
small forest landowners and, likely increase the rate of forestland conversion 29 
substantially over current rates.  Increased conversion rates would be due to increased 30 
buffer requirements, the lack of exemptions for some small landowners, and the increased 31 
burden of the “no net road increase” rule.  Forestland conversion to more intense land 32 
uses could cause adverse cumulative effects in some watersheds due to degraded water 33 
quality, increased sedimentation, and increased peak flows, especially at the forest/urban 34 
interface.  Watersheds that are located entirely or mostly within Washington DNR-35 
managed lands on the eastside would likely have the lowest potential for aquatic resource 36 
degradation due to conversion.   37 

Adaptive management, while included under Alternative 4, would likely not be well 38 
supported and well funded due to the increased costs of the more restrictive protection 39 
measures.  Thus, while the protection measures would be increased under Alternative 4, 40 
the ability to monitor effectiveness of those protection measures decreases.  41 
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As compared to No Action Alternative 1-Scenario 1, Alternative 4 may have similar or a 1 
slightly reduced potential for adverse cumulative effects; this is due to the potential for 2 
increased forestland conversion to offset the aquatic habitat benefits of more restrictive 3 
protection measures.  As compared to No Action Alternative 1-Scenario 2, Alternative 4 4 
would have less potential for adverse cumulative effects; this is due to the large 5 
difference in protection measures between these alternatives.   6 

5.3.4 Vegetation and Wildlife 7 
5.3.4.1 Vegetation 8 
The primary parameters analyzed for vegetation impacts are seral stage, riparian, and 9 
protected forest conditions.  Statewide, approximately 28 percent of the forestland is 10 
either State or Federal land that is not available for timber management.  Another 22 11 
percent is Federal and tribal land that is managed for timber, but management direction 12 
on these lands generally includes longer rotation lengths and, therefore, a higher ratio of 13 
late seral stands to early seral stands than is found on State and private lands managed for 14 
timber production.  This is expected to result in more than one-third of the forestlands in 15 
the State supporting late seral forests over the long term.   16 

Late seral forest characteristics are expected to develop on an additional 3 percent of the 17 
total forestland in Washington over the long term underThe alternatives considered in this 18 
analysis are expected to support late seral forests on an additional 6 percent ( No Action 19 
Alternative 1-Scenario 2.)  Under No Action Alternative 1-Scenario 1, Alternative 2, and 20 
Alternative 3,  an additional 7 percent of all forestland is expected to develop late seral 21 
characteristics over the long term.  This percentage is expected to increase to 15 percent 22 
over the long term under Alternative 4. to 20 percent (Alternative 4) over the long term, 23 
while the other alternatives could support late-seral forest on 9 to 10 percent of the 24 
forestland in Washington over the long term.  Alternative 4 and, to a lesser extent, No 25 
Action Alternative 1-Scenario 1 and Alternative 3 would have a greater potential of 26 
encouraging conversion of forestland to other uses because of the uncertainty of future 27 
regulations on forest management and, in the case of Alternative 4, the much larger no-28 
harvest riparian buffers.  If additional land use conversions occur as compared to current 29 
conditions, this could contribute to cumulative loss of late-seral forests. 30 

Federal and State lands not managed for timber production also provide protection for 31 
rare plants, and they are less likely to provide habitat for invasive weeds.  Alternatives 32 
that have more land in no-harvest or light selective harvest riparian buffers are likely to 33 
contribute more, cumulatively, to protecting rare plants and reducing the spread of 34 
invasive plants.  There are exceptions to this pattern.  Some rare plants prefer disturbed 35 
areas, and these species would not benefit from the trend toward more late-seral forest.  36 
As discussed above, if No Action Alternative 1-Scenario 1, Alternative 3, and Alternative 37 
4 result in additional land use conversions, this could contribute to cumulative loss of rare 38 
plant habitat and is likely to increase habitat for invasive plants. 39 

The distribution of protected forests is not uniform across the State.  Over 90 percent of 40 
the West Puget Sound, Southwest, and Columbia Basin Regions are State, city, and 41 
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county lands that are available for timber management, as is over 70 percent of the South 1 
Puget Sound Region.  The alternatives play a larger role in providing late-seral forest, 2 
protecting rare plants, and protecting against invasive plants in these Regions.  3 
Alternative 4 is expected to contribute about six times the amount of late-seral habitat 4 
over the long term in eastern Washington and four times the amount in western 5 
Washington than is expected under No Action Alternative 1-Scenario 2, and about two to 6 
three times as much as No Action Alternative 1-Scenario 1.  This prospective gain could 7 
be offset if substantially more forestland conversion occurs under Alternative 4 than 8 
under these alternatives.  9 

5.3.4.2 Wildlife 10 
Cumulative effects on amphibians and other wildlife species are analyzed on a landscape 11 
scale, appropriate for each species.  Historic effects and land ownership and use are 12 
discussed along with the statutes, regulations, plans, and programs that may work 13 
together to cumulatively affect wildlife in subsection 5.2 (Context for Analysis).  Past 14 
disturbances are also summarized by analysis region in DEIS Appendix A.  Key 15 
parameters for analysis include forest conditions that constitute wildlife habitat and 16 
mandates aimed at wildlife protection and habitat improvements. 17 

The following discussion analyzes past, present, and reasonably foreseeable actions in 18 
connection with riparian and wetland resources; land ownership/use; and existing 19 
Federal, State and local plans, policies, and programs that play a role in protection and 20 
recovery efforts for the amphibians and other listed wildlife species.  21 

There are a number of protection measures, at all levels of government, throughout 22 
Washington to maintain and recover listed species.  Protection measures under Federal, 23 
State, and local plans, policies, and programs common to all of the amphibians and other 24 
wildlife are addressed in subsection 5.2 (Context for Analysis); additional species-25 
specific protection measures are addressed below.  It is important to note that species 26 
recovery plans, HCPs, and the broad-scale Northwest Forest Plan, which span the scale of 27 
the cumulative effects analysis area, pre-date the FFR and the associated changes to the 28 
current Washington Forest Practices Rules, and would not likely change under any of the 29 
alternatives.   30 

Species-Specific Measures 31 
Federal 32 
The Bald Eagle and Golden Eagle Protection Act (16 USCS 668-668c).  The Bald Eagle 33 
and Golden Eagle Protection Act establishes prohibited acts and penalties to protect bald 34 
and golden eagles.  35 

Designation of Critical Habitat for the Marbled Murrelet, Final Rule.  The final 36 
designation of critical habitat for the marbled murrelet does not include all suitable 37 
habitat (U.S. Federal Register, Vol. 61, No. 102, May 24, 1996, pages 26255-26320).  38 
Emphasis was placed on those areas considered most essential to the species' 39 
conservation in terms of habitat, distribution, and ownership.  A designation of critical 40 
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habitat begins with identifying areas essential to the conservation of the species.  In 1 
Washington, the allocation of critical habitat by ownership is in Table 5-2. 2 

Recovery Plan for the Marbled Murrelet.  The recovery plan for the marbled murrelet 3 
lists the loss of nesting habitat and poor reproductive success as the two major factors 4 
leading to the decline of the population (USFWS 1997).  Factors contributing to the poor 5 
reproductive success are habitat fragmentation and edge effect, nest predation, low 6 
productivity, adult mortality, and nest mortality.  7 

The Recovery Plan for the Northern Spotted Owl, Final Draft.  The final draft of the 8 
recovery plan for the northern spotted owl divides the range of the northern spotted owl 9 
into provinces (USFWS 1992).  There are three provinces in the action area, including the 10 
Western Washington Cascades Province, the Western Washington Lowlands Province, 11 
and the Olympic Peninsula Province.  For identifying significant threats to the northern 12 
spotted owl, the recovery plan splits the Western Washington Cascades Province into two 13 
segments (north and south).  Interstate 90 is the dividing line between the two segments.  14 

Determination of Critical Habitat for the Northern Spotted Owl, Final Rule.  Designating 15 
critical habitat for the northern spotted owl provides additional protection requirements 16 
under Section 7 of the ESA with regard to activities that are funded, authorized, or 17 
carried out by a Federal agency.  The final designation of critical habitat in the on 18 
January 15, 1992, did not include private lands (U.S. Federal Register, Vol. 57, No. 10, 19 
January 15, 1992, pages 1796-1838).  20 

Grizzly Bear Recovery Plan.  The grizzly bear was listed as threatened on July 28, 1975 21 
(USFWS 1993).  Habitat loss and human-caused mortality (both direct and indirect) were 22 
responsible for the grizzly bears' decline in numbers.  Seven recovery zones are identified 23 
for possible grizzly bear recovery.  24 

Interagency Grizzly Bear Guidelines.  The Interagency Grizzly Bear Guidelines describe 25 
five management situations relevant to management on public lands by the National Park 26 
Service, the U.S. Forest Service, and the U.S. Bureau of Land Management.  27 
Management direction and guidelines are provided for each management situation.  28 

Table 5-2. Marbled Murrelet Designated Critical Habitat in Washington by 29 
Ownership and Land Allocation. 30 
Ownership Category Acres 

Federal Lands  
Congressionally Withdrawn Lands 1,800 
Late Successional Reserves 1,200,200 

  
Non-Federal Lands  

State Lands 426,800 
Private Lands 2,500 

Total 1,631,300 
Source:  U.S. Federal Register, Vol. 61, No. 102, May 24, 1996, page 26269. 
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Feasibility Study on the Reintroduction of Gray Wolves to the Olympic Peninsula.  The 1 
Feasibility Study on the Reintroduction of Gray Wolves to the Olympic Peninsula 2 
concluded that the reintroduction of wolves was biologically feasible (USFWS 1998b).  3 
The analysis indicated that sufficient habitat and prey base exists to support a marginally 4 
viable wolf population over the long term.  However, sportsmen have expressed concerns 5 
over a possible decline in elk and deer hunting success.  Livestock and pet losses are not 6 
expected to be substantial, but would likely occur and would be a concern for the public.  7 

Canada Lynx Federally Listed as a Threatened Species.  The Canada lynx was listed 8 
under the ESA as threatened on March 24, 2000 (U.S. Federal Register, Vol. 65, No. 58, 9 
March 24, 2000, pages 16051-16086) with clarification to final rule issued in the U.S. 10 
Federal Register July 3, 2003 (U.S. Federal Register, Vol. 68, No. 128, July 3, 2003, 11 
pages 40075-40101).  The range of the lynx includes portions of Washington State, and 12 
its habitat (high elevation forest) occurs primarily on Federal lands.  Federal agencies are 13 
guided by the Canada Lynx Conservation Assessment and Strategy (Ruediger et al. 14 
2000), which was produced by an interagency team of biologists.  To date, the USFWS 15 
has not yet designated critical habitat for the species, and preparation of a recovery plan 16 
for the lynx is in the initial stages. 17 

The Migratory Bird Treaty Act (16 USC 703-712, Chapter 128, as amended).  The 18 
Migratory Bird Treaty Act decreed that all migratory birds and their parts (including 19 
eggs, nests, feathers) were fully protected.  The Act is a domestic law that affirms, or 20 
implements, the United States’ commitment to four international conventions (with 21 
Canada, Japan, Mexico, and Russia) for the protection of a shared migratory bird 22 
resource.  A list of all migratory bird species subject to the regulations of the Act is listed 23 
in 50 CFR 10.13. 24 

State  25 
Washington Bald Eagle Protection Rules (WAC 232-12-292).  The purpose of these rules 26 
is to protect bald eagle habitat.  The goal is to increase and maintain the population of the 27 
bald eagle so that it no longer is classified as threatened or endangered in Washington.  28 
The rules require site management plans to be developed if land use activities would 29 
adversely impact eagle habitat.  As stated in the rules, any relevant factor will be 30 
considered in developing a site management plan.  31 

Washington Forest Practices Rules (WAC 222).  The Washington Forest Practices Rules 32 
designate certain forest practices as Class IV-Special if they would occur within critical 33 
wildlife habitat (State) and critical habitat (Federal) of threatened or endangered species.  34 
Forest practices applications that are designated as Class IV-Special require an 35 
Environmental Checklist in compliance with SEPA (WAC 222-16-080), and potentially 36 
an EIS.  Specific harvest and timing prescriptions apply to various wildlife species and 37 
include the northern spotted owl, marbled murrelet, bald eagle, gray wolf, grizzly bear, 38 
mountain caribou, Oregon silverspot butterfly, peregrine falcon, sandhill crane, and 39 
western pond turtle.  40 
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Cumulative Effects Analysis 1 
Many of the programs or plans listed above pre-date the FFR and the associated changes 2 
to the current Washington Forest Practices Rules and would not likely change under any 3 
of the alternatives.  For Washington, aApproximately 40 62 percent and 34 percent of 4 
forestlandsed land in western and eastern Washington, respectively, areis currently 5 
subject to the rules in western and eastern Washington, respectively (Table 3-3).  An 6 
additional 7 percent of western Washington forestlands and 43 percent of eastern 7 
Washington forestlands are Federal or Tribal lands available for timber management.  8 
The remainder of the forestlands are is Federal and/or State lands not primarily managed 9 
for timber production.   10 

No Action Alternative 1-Scenario 2 11 
If the Services do not grant the State of Washington take authorization through ESA 12 
Section 10(a)(1)(B) ITPs or take limits under ESA Section 4(d) rules, for any part of the 13 
Washington Forest Practices Rules, it is possible that the Legislature could review and 14 
rescind the 1999 Salmon Recovery Act, statutes could be modified, and current 15 
Washington Forest Practices Rules would revert back to those in effect prior to January 1, 16 
1999.  In turn, the Legislature could also reduce funding for enforcement of the 17 
Washington Forest Practices Rules and reduce or terminate funding for adaptive 18 
management.   19 

Under the Washington Forest Practices Rules in effect on January 1, 1999, buffers would 20 
provide some level of riparian protection for approximately 618,140 acres (10 percent) of 21 
private, city, and county forestlands in western Washington (State lands in western 22 
Washington are already covered by an existing HCP).  In eastern Washington, some level 23 
of riparian protection would be provided for approximately 6 percent of the private, city, 24 
county, and State forestlandsexisting riparian areas in western Washington and 128,490 25 
acres (3.8 percent) of existing riparian areas for eastern Washington, respectively (Table 26 
3-3 and Figures 4.2-1 and 4.2-2).  Fewer acres of riparian habitat would be left as no-27 
harvest buffers, with more acres of selective harvesting occurring compared to current 28 
Washington Forest Practices Rules (No Action Alternative 1-Scenario 1).  Under the 29 
Washington Forest Practices Rules in effect on January 1, 1999, forested lands subject to 30 
the rules would likely add cumulatively to past harvesting of riparian habitat on private, 31 
State, and Federal lands.  Also, protections for amphibians, and riparian-associated 32 
wildlife species, and upland wildlife species  would be reduced compared to current 33 
conditions and the other alternatives, including a reduction in travel/dispersal corridors 34 
and connectivity to Federal and State protected lands.  In conjunction, future ESA listings 35 
may occur that would require additional ESA compliance. 36 

No Action Alternative 1-Scenario 1 and Alternatives 2 and 3 37 
In contrast to No Action Alternative 1-Scenario 2, No Action Alternative 1-Scenario 1 38 
would maintain the current Washington Forest Practices Rules.  Potential cumulative 39 
impacts to amphibians, and other riparian-associated wildlife species, and upland wildlife 40 
species under No Action Alternative 1-Scenario 1 would differ from No Action 41 
Alternative 1-Scenario 2 (and the other alternatives) based on the level of continued 42 
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adaptive management support and the relative potential for conversion of forestland to 1 
other land uses.   2 

Under No Action Alternative 1-Scenario 1, it is anticipated that landowner participation 3 
in the adaptive management program would cease because ESA take authorization or 4 
limits would not be provided.  Further, the rate of forestland conversion would be 5 
expected to rise (See subsection 4.2.3.2, Forestland Conversion and, subsection 5.3.2, 6 
Land Ownership and Use).  Future ESA listings may occur that would require additional 7 
ESA compliance. 8 

Alternative 2  9 
THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 10 

Alternative 2 would maintain the current Washington Forest Practices Rules and would 11 
be expected to maintain continued stakeholder and funding support for adaptive 12 
management.  Wildlife protection under Alternative 2 would be more predictable based 13 
on the riparian and upland strategies included in the proposed FPHCP, continued 14 
implementation of the Washington Forest Practices Rules, continued support and 15 
participation in program implementation, and continued public funding for adaptive 16 
management.  Therefore, adverse cumulative effects would be expected to be lower over 17 
time under Alternative 2 as compared to No Action Alternative 1-Scenario 1, and 18 
especially compared to No Action Alternative 1-Scenario 2. 19 

Current Washington Forest Practices Rules.  Under the current Washington Forest 20 
Practices Rules, nearly twice as many acres of riparian habitat would be protected as 21 
would be protected under No Action Alternative 1-Scenario 2.  In western Washington, 22 
approximately 21 percent of private, city, and county forestlands would fall within RMZs 23 
(Table 3-3 and Figure 4.2-1).  In eastern Washington, the percentage would be 11 percent 24 
and would apply to all private, city, county, and State lands (Table 3-3 and Figure 4.2-2).  25 
More acres of riparian habitat would be left as no-harvest buffers than under No Action 26 
Alternative 1-Scenario 2 and the potential for increasing the amount of complex forest 27 
structure along streams would be greater than under No Action Alternative 1-Scenario 2.   28 

Under the current Washington Forest Practices Rules, with ESA incidental take coverage 29 
from the Services, forested lands subject to the rules would not add to past harvesting of 30 
riparian habitat on private, State, and Federal lands.  The current Washington Forest 31 
Practices Rules, along with a strong adaptive management program, add to the protection 32 
of amphibians and riparian-associated wildlife species.  This protection includes an 33 
increase in riparian area, which would provide travel/dispersal corridors and connectivity 34 
to Federal and State protected lands.  Forestland conversion would be expected to be 35 
somewhat less than the current rates because of the regulatory certainty that landowners 36 
would gain under this alternative. 37 

Alternative 2, when compared to either No Action Alternative scenario, would be 38 
expected to improve habitat for amphibians, riparian-associated wildlife species, and 39 
upland wildlife species because of wider no-harvests and upslope protective measures 40 
included in the riparian and upland conservation strategies.  When combined with 41 
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Federal, State, and other local wildlife planning efforts (such as the Northwest Forest 1 
Plan, recovery plans and critical habitat designations as described in this subsection under 2 
Species-Specific Measures, and approved HCPs), Alternative 2 would have positive 3 
cumulative effects on amphibians, riparian-associated wildlife species, and upland 4 
wildlife species and their habitat. 5 

END OF NEW TEXT 6 
Alternative 3 7 
Adaptive management would not be as well supported in the future under Alternative 3 8 
compared to Alternative 2.  Under Alternative 3 there would likely be decreased 9 
stakeholder support for and participation in adaptive management, as well as a potential 10 
reduction in funding because of lack of take authorization for endangered species, some 11 
threatened species, and unlisted species, and because of the indefinite term of ESA 12 
assurances.  It is likely that the rate of forestland conversion would be similar to current 13 
rates or higher.  Therefore, the potential for adverse impacts to amphibians and other 14 
riparian-associated wildlife would be somewhat increased compared to both No Action 15 
Alternative 1 scenarios due to a less effective adaptive management program and 16 
possibly by increased conversion of forestland to non-forest uses.  As compared to No 17 
Action Alternative 1-Scenario 1, the potential for adverse impacts to amphibians, and 18 
other riparian-associated wildlife species, and upland wildlife species would be expected 19 
to decrease; this potential would decrease even further as compared to No Action 20 
Alternative 1-Scenario 2.  When combined with other Federal, State, and local wildlife 21 
planning efforts, Alternative 3 would provide more positive cumulative effects on 22 
amphibians, riparian-associated wildlife species, and upland wildlife species and their 23 
habitat compared to either of the No Action Alternative scenarios.  However, these 24 
positive cumulative effects from Alternative 3 would be less than Alternative 2. 25 

Existing Washington Forest Practices Rules.  Under the existing Washington Forest 26 
Practices Rules, nearly twice as many acres of riparian habitat are being protected as 27 
would be protected under No Action Alternative 1-Scenario 2 with approximately 28 
1,234,543 acres (20 percent) of protected riparian habitat in western Washington, and 29 
247,825 acres (7 percent) of protected riparian habitat in eastern Washington (Table 3-3; 30 
Figure 4.2-1).  More acres of riparian habitat would be left as no-harvest buffers, and the 31 
potential exists to increase the amount of complex forest structure along streams under 32 
No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) compared to No Action 33 
Alternative 1-Scenario 2.   34 

Under the current Washington Forest Practices Rules, with ESA incidental take coverage 35 
from the Services, forested lands subject to the rules would not add to past harvesting of 36 
riparian habitat on private, State, and Federal lands.  The current Washington Forest 37 
Practices Rules, along with a strong adaptive management program, add to the protection 38 
of amphibians and riparian-associated wildlife species.  This protection includes an 39 
increase in riparian area, which would provide travel/dispersal corridors and connectivity 40 
to Federal and State protected lands.  41 
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Alternative 4 1 
Larger no-harvest buffers under Alternative 4 would protect approximately twice the 2 
number of existing riparian acres in RMZs in western Washington and more than twice 3 
the number of acres in eastern Washington, than under the current Washington Forest 4 
Practices Rules of No Action Alternative 1-Scenario 1 (Figures 4.2-1 and 4.2-2).  The 5 
RMZ acreage would be approximately four times greater than under No Action 6 
Alternative 1 Scenario 2 on both sides of the State (Figues 4.2-1 and 4.2-2). No-harvest 7 
would be allowed within the larger buffer areas.  Therefore, under this alternative, there 8 
would be little to no additive negative impact to those from past timber harvests within 9 
riparian habitat on private, State, and Federal lands.  Protection of habitat for amphibians, 10 
and riparian-associated wildlife species, and upland wildlife species habitat would be 11 
increased, which would also provide travel/dispersal corridors and connectivity to 12 
Federal and State protected lands.  However, a more restrictive set of rules would 13 
generally not be supported by private landowners, and in turn would likely increase 14 
conversion rates and adversely affect the viability of the adaptive management programs.  15 
Increased conversions and a lack of support for adaptive management could, over time, 16 
diminish the resource benefits of a more restrictive set of rules.   17 

As compared to No Action Alternative 1-Scenario 1, Alternative 4 may have similar or a 18 
slightly reduced potential for adverse cumulative effects to amphibians, and other riparian 19 
associated wildlife species, and upland wildlife species; this is due to the potential for 20 
increased forestland conversion in some areas to offset the aquatic habitat benefits of 21 
more restrictive protection measures.  As compared to No Action Alternative 1-Scenario 22 
2, Alternative 4 would have much less potential for adverse cumulative effects; this is 23 
due to the large difference in protection measures between these alternatives.   24 

5.3.5 Social and Economic Environment and Archeological, Historical, 25 
and Cultural Resources 26 

5.3.5.1 Archeological, Historical, and Cultural Resources 27 
The archeological, historical, and cultural resources of Washington’s forestlands are 28 
under steady pressure from resource extraction, development, recreation, and other 29 
modern human activities.  These resources have experienced long-term cumulative losses 30 
as a result of these types of activities.  Because they are widespread and unidentified for 31 
purposes of this analysis, the effects of these activities on the archeological, historical, 32 
and cultural resources of Washington’s forestlands cannot be taken into consideration in 33 
any systematic manner.  It is, however, possible to divide lands into two broad groups, 34 
private and non-private, with the non-private lands further divisible into two parts, 35 
Federal/tribal and State-managed lands.  Parameters for analysis focus on protection 36 
measures for these resources. 37 

Private forestlands are subject to the constraints of the Washington Forest Practices Rules 38 
and other regulations (RCW Chapters 27.44 and 27.52) associated with the protection of 39 
archeological, historical, and cultural resources.  The effects of each alternative on these 40 
resources have been addressed in subsection 4.13 (Archeological, Historical, and Cultural 41 
Resources).  In that subsection, alternatives are compared according to the levels of 42 
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protection that would be provided under each alternative and the anticipated effect of 1 
each alternative on anadromous fish. 2 

Non-private forestlands are also managed under a set of laws, regulations, and policies 3 
pertaining to archeological, historical, and cultural resources; the effects of which are 4 
generally understood.  Non-private forestlands fall into two groups: those under Federal 5 
and tribal management and those managed by the Washington DNR.  6 

Federal and tribal lands are under the jurisdiction of the NHPA, the American Indian 7 
Religious Freedom Act, Archaeological Resource Protection Act, Native American 8 
Graves Protection and Repatriation Act, and Executive Order 13007.  NHPA Section 106 9 
requires Federal agencies to take into account the effects of Federal undertakings on 10 
cultural resources, which includes archaeological and historical properties, along with 11 
traditional cultural properties.  The latter includes traditional sites, as defined herein, and 12 
areas where traditional resources are gathered.  As defined in the U.S. Department of 13 
Interior regulations, “undertaking” means a project, activity, or program funded in whole 14 
or in part under the direct or indirect jurisdiction of a Federal agency, including those 15 
carried out by or on behalf of a Federal agency; those carried out with Federal financial 16 
assistance; or those requiring a Federal permit, license, or approval.  The Services will 17 
comply with Section 106 of the NHPA for the action analyzed in this FEIS by making a 18 
determination whether or not the proposed Federal action is an undertaking, as previously 19 
defined, considering the nature of Federal involvement, such as the degree of Federal 20 
agency control or discretion, the type of Federal involvement or link to the action, and 21 
whether or not the action could move forward without the Federal action.  The Federal 22 
review will focus on the proposed action of issuing a permit or approval for activities 23 
conducted according to requirements of the Washington Forest Practices Rules.   24 

The American Indian Religious Freedom Act and Executive Order 13007 require 25 
agencies to take into account the effects of their actions on religious practices and sacred 26 
lands, respectively.  The Native American Graves Protection and Repatriation Act 27 
protects Native American skeletal remains, associated funerary objects, sacred objects, 28 
and objects of cultural patrimony on Federal lands, while the Archaeological Resource 29 
Protection Act protects and controls access to archaeological and some historical 30 
resources.  Federal and tribal agencies maintain staffs that are charged with complying 31 
with these statutes, so it is reasonable to assume that the cumulative effects of forest 32 
management on lands under Federal and tribal jurisdiction, as well as private lands with a 33 
project, activity, or program under the direct or indirect jurisdiction of a Federal agency, 34 
would not be substantial. 35 

Archeological, historical, and cultural resources on Forest Trust lands under Washington 36 
DNR’s trustee obligations are protected under Forest Resource Plan Policy #24 and the 37 
existing State Trust Lands HCP (Washington DNR 1992a; Washington DNR 1997d).  38 
Titled “Identifying Historic Sites,” Forest Resource Plan Policy #24 declares that 39 
Washington DNR will establish a program to identify and inventory historic and 40 
archaeological sites and protect them at a level that, at a minimum, meets regulatory 41 
requirements (Washington DNR 1992a).  This policy is generally interpreted to mean that 42 
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Washington DNR will follow procedures equivalent to those required under Section 106 1 
of the NHPA.  The existing State Trust Lands HCP must follow RCW Chapter 27.44 and 2 
Chapter 27.53 to assure that archaeological sites and Indian graves are protected from 3 
disturbance (Washington DNR 1997d).  It identifies Washington DNR’s Total Resource 4 
Application Cross-Reference System as an important tool for ensuring that department 5 
activities do not damage such sites.  In addition, Washington DNR enters into 6 
Memoranda of Agreements with tribes to ensure access to and protection of traditional 7 
sites and resources.  Although small numbers of sites may still be missed, and biotic 8 
resources may be affected by forest management activities, these effects are expected to 9 
be slight. 10 

Because of these constraints, few cultural resource sites are expected to be adversely 11 
affected.  Consequently, the cumulative effects of the alternatives that are considered in 12 
this FEIS would be equivalent to the direct and indirect effects, which are discussed in 13 
Chapter 4 (Environmental Consequences).   14 

In general, the more RMZ area set-aside as no-harvest areas, the more potential 15 
protection afforded to archeological, historical, and cultural resources.  The functionality 16 
of the adaptive management program is not expected to affect the protection of 17 
archeological, historical, and cultural resources to any substantial degree.  However, the 18 
rate of forestland conversion could affect these resources; increases in the rate of 19 
forestland conversion could offset some of the protection afforded by larger no-harvest 20 
RMZs.  Given this, No Action Alternative 1-Scenario 2 is expected to provide the least 21 
amount of protection due to the least amount of RMZ buffer area.  No Action Alternative 22 
1-Scenario 1 and Alternative 3 would provide more protection than No Action 23 
Alternative 1-Scenario 2 due to more RMZ buffer area provided under these alternatives.  24 
Alternative 2, while providing the same amount of RMZ buffer area as No Action 25 
Alternative 1-Scenario 1, offers long-term regulatory certainty, which may increase 26 
landowner willingness to voluntarily provide more protection than would be required by 27 
regulation.  Alternative 4 could provide the most protection due to the largest RMZ 28 
buffer area, but some of this protection could be offset due to increased forestland 29 
conversion. 30 

5.3.5.2 Social and Economic Environment 31 
The following subsections discuss the potential cumulative effects of the proposed action 32 
on the economic and social environment.  This discussion addresses the potential 33 
combined effects of the proposed action along with other past, present, and reasonably 34 
foreseeable future activities.  Parameters for analysis include employment trends in 35 
various employment sectors. 36 

Employment and the Economy 37 
Total employment in Washington increased by 688,915 jobs, or 24 percent, between 38 
1990 and 2000 (Washington Employment Security Department 2003).  Covered 39 
employment projections developed in 2003 anticipate continued total employment 40 
growth with an average annual growth rate of 1.6 percent between 2002 and 2012.  41 
Covered employment in wood products manufacturing is also projected to grow, although 42 
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at a slower annual rate than total employment, increasing by 1.0 percent from 2002 to 1 
2007 and 0.9 percent from 2007 to 2012.  Logging employment is projected to remain 2 
constant from 2002 to 2007 (0.0 percent annual growth rate) and to decline between 2007 3 
and 2012 (-0.6 percent annual growth rate).  Covered employment in paper 4 
manufacturing is expected to increase slightly between 2002 and 2007 (0.2 percent 5 
annual growth rate) and remain constant from 2007 to 2012 (0.0 percent annual growth 6 
rate).  Projections are not available for the commercial fishing sector (Washington 7 
Employment Security Department 2003). 8 

Projections are also not available for the recreation sector because it is not measured as a 9 
separate industrial category, and data are not specifically gathered for this sector.  10 
Employment is, however, projected to increase in the leisure and hospitality sector, with 11 
annual increases of 1.7 percent and 1.3 percent from 2002 to 2007 and 2007 to 2012, 12 
respectively.  The leisure and hospitality sector includes the arts, entertainment, and 13 
recreation sector and the accommodation and food services sector, which are often used 14 
as general measures of recreation activities (Washington Employment Security 15 
Department 2003). 16 

Lumber and Wood Products 17 
Annual full- and part-time employment in the lumber and wood products sector is shown 18 
for 1969 through 2000 in Figure 5-2.  Lumber and wood products employment fluctuated 19 
substantially over this period, with peaks in the late 1970s prior to the economic 20 
recession of the early 1980s and an overall declining trend from 1990 onward.  Harvest 21 
from all ownerships declined from 5,849 million board feet in 1990 to 4,176 million 22 
board feet in 2000, a decrease of approximately 29 percent.  Harvests from National 23 
Forest System lands decreased by 736 million board feet, or 90 percent over this period.  24 
Private lands accounted for 84 percent of total harvest in 2000, with State harvest 25 
accounting for 13 percent (Washington DNR 2001).  Overall, harvests declined on 26 
private and State lands in 2001 and 2002 (Washington DNR 2004b, 2004d). 27 

As compared to No Action Alternative 1-Scenario 2, potential reductions in acres 28 
available for harvest under No Action Alternative 1-Scenario 1 (and Alternatives 2 and 3) 29 
could contribute to the downward trend in timber harvest shown in Figure 5-2.  This is 30 
especially true under Alternative 4.  This could, in turn, contribute to the downward trend 31 
in timber-related employment.  Employment levels in both the lumber and wood products 32 
and pulp and paper sectors are, however, as noted above, expected to remain relatively 33 
stable over the next few years.  These projections are based on a number of factors that 34 
affect the economic performance of the forest products sector in Washington State.   35 
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Figure 5-2. Timber Harvest and Lumber and Wood Products Employment, 1 

1969 to 2000. 2 

MMBF = million board feet 3 
Source:  Bureau of Economic Analysis 2004; Washington DNR 2004d. 4 

These factors include the overall health of the United States economy, demand from 5 
Asia, and competition from Canadian and European softwood lumber exporters.  6 

Lumber prices declined nationally and in Washington State in 2002.  Comparatively low 7 
prices despite a strong United States housing market and high duties on Canadian imports 8 
indicate an excess supply of softwood lumber products.  The ongoing weak Asian export 9 
market coupled with continued low-priced Canadian imports suggests that lumber prices 10 
will likely remain fairly constant in the near future.  Domestic and international pulp and 11 
paper markets were weak during 2002, with pulpwood and chip prices also unlikely to 12 
increase in the near future (Blatner et al. 2003).  As compared to No Action Alternative 13 
1-Scenario 2, potential reductions in timber supply under No Action Alternative 1-14 
Scenario 1 (and Alternatives 2 and 3) are likely to contribute to these broader trends in 15 
the forest products industry, but timber supply is just one of a number of factors that 16 
affect the industry and potential future employment and income.  This is especially true 17 
under Alternative 4. 18 
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Recreation and Commercial Fishing 1 
While it is not possible to quantify the cumulative effects of the proposed alternatives on 2 
salmonid populations and recreation and commercial fishing employment, it is possible to 3 
assess the potential direction of the effects and to provide a general comparison between 4 
alternatives.  Potential cumulative effects to aquatic habitat and fish are discussed in 5 
subsection 5.3.3 (Aquatic Resources).  The combination of programs and plans described 6 
in that subsection reflect a substantial widespread effort to put listed species on a positive 7 
trend toward recovery and to provide substantial protection for other aquatic and riparian-8 
associated species. 9 

The potential for adverse habitat impacts associated with No Action Alternative 1-10 
Scenario 2, suggest that salmonid populations would likely decline over the long term 11 
under this alternative.  Viewed from a cumulative perspective, this alternative is unlikely 12 
to meet the level of protection needed for the Washington Forest Practices Rules to play a 13 
role in the overall recovery process.  No Action Alternative 1-Scenario 1, in contrast, 14 
provides protection that complements other activities in the region.  Alternative 2 would 15 
likely result in long-term improvements as compared to both No Action Alternative 1 16 
scenarios; substantially so compared to Scenario 2.  Alternative 3 would result in a slight 17 
improvement over No Action Alternative 1-Scenario 1 and more so over No Action 18 
Alternative 1-Scenario 2.  19 

Alternative 4 may have more certainty of achieving adequate protection to resources in 20 
the short term and would result in the highest likelihood of long-term improvements in 21 
habitat and salmonid numbers.  However, over time, increased forestland conversion 22 
rates could diminish some of these resource benefits.  Effects on existing salmonid 23 
populations would likely affect the availability of salmonids for recreational and 24 
commercial harvest, which would, in turn, affect recreation- and commercial fishing-25 
related employment and income. 26 
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Karl Denison; USDA Forest Service, Olympia, WA 
Bill Garrigues; USDA Forest Service, Naches, WA 
David Tilton; USDA Forest Service, Hood River, OR 
George Riley; USDA Natural Resources Conservation Service, Chehalis, WA 
Susan Martin; USFWS, Spokane, WA 
Craig Hansen; USFWS, Lacey, WA 
Sally Butts; USFWS, Lacey, WA 
Steve Williams; USFWS, Washington, D.C. 
Laura Hill; USFWS, Portland, OR  

 
Tribes and Tribal Government 
Michael McGinnis; Chehalis Tribe, Oakville, WA 
Chinook Tribe, Chinook, WA 
Dee Bailey; Coeurd’ Alene Tribe, Plummer, ID 
Reggie Atkins; Colville Confederated Tribes, Nespelem, WA 
Rod Thompson; Confederated Tribes of Grand Ronde, Grand 
Ronde, OR 
Mike Iyall; Cowlitz Tribe, Lacey, WA 
Cowlitz Tribe, Longview, WA 
Hoh Tribe, Forks, WA 
Hilton Turnbull; Jamestown S'klallam Tribe, Sequim, WA 
Todd Baldwin; Kalispel Tribe, Usk, WA 
John Gross; Kalispel Tribe, Usk, WA 
Lower Elwha Klallam Tribe, Port Angeles, WA 
Mike McHenry; Lower Elwha Klallam Tribe, Port Angeles, WA 
Tom Edwards; Lummi Nation, Bellingham, WA 
Milt Holter; Lummi Nation, Bellingham, WA 
Andy Ritchie; Makah Tribe, Neah Bay, WA 
Rob McCoy; Makah Tribe, Neah Bay, WA 
Chairman John Daniels Jr; Muckleshoot Tribe, Auburn, WA 
Martin Fox; Muckleshoot Tribe, Auburn, WA 
Cheryl Roosendaal; Nisqually Tribe, Olympia, WA 
Nisqually Tribe, Olympia, WA 
Drew Coe; Nooksack Tribe, Deming, WA 
Ned Currence; Nooksack Tribe, Deming, WA 
John Hallowed; NWIFC, Olympia, WA 
Joseph Pavel; NWIFC, Olympia, WA 
Allen Pleus; NWIFC, Olympia, WA 
Mary Raines; NWIFC, Bellingham, WA 
Randy Harder; Point No Point Treaty Council, Kingston, WA 

Ted Labbe; Port Gamble S'kallam Tribe, Kingston, WA 
Jeffrey Thomas; Puyallup Tribe, Puyallup, WA 
Puyallup Tribe, Tacoma, WA 
Quileute Tribe, Lapush, WA 
Frank Geyer; Quileute Tribe, Lapush, WA 
Katie Krueger; Quileute Tribe, Lapush, WA 
Bruce Jones; Quinault Indian Nation, Taholah, WA 
Leslie Lingley; Quinault Indian Nation, Taholah, WA 
Scott Cooper; Samish Nation, Anacortes, WA 
Jason Joseph; Sauk-Suiattle Tribe, Darrington, WA 
Steve Spencer; Shoalwater Bay Tribe, Tokeland, WA 
Doug Couvelier; Skagit System Cooperative, Sedro Woolley, WA 
Keith Wyman; Skagit System Cooperative, Sedro Woolley, WA 
Marty Ereth; Skokomish Tribe, Skokomish Nation, WA 
Ian Kanair; Snoqualmie Tribe, Fall City, WA 
Cathryn Arneson; Spokane Tribe, Wellpinit, WA 
Monty Ford; Spokane Tribe, Wellpinit, WA 
Dan McMeekan; Spokane Tribe, Wellpinit, WA 
Ken Sherwood; Spokane Tribe, Wellpinit, WA 
Squaxin Island Tribe, Shelton, WA 
Tracey Farrell; Squaxin Tribe, Shelton, WA 
Stillaguamish Tribe, Arlington, WA 
Jennifer Sevigny; Stillaguamish Tribe, Arlington, WA 
Pat Stevenson; Stillaguamish Tribe, Arlington, WA 
Suquamish Tribe, Suquamish, WA 
Dawn Pucci; Suquamish Tribe, Suquamish, WA 
Allen Rozema; Swinomish Tribe, La Conner, WA 
Michael Sevigny; Tulalip Tribe, Marysville, WA 
Richard Young; Tulalip Tribe, Marysville, WA 



 
 

 

 

Distribution List Final EIS 

 

Chapter 7 

7-2 

 

David Luzi; Tulalip Tribe, Marysville, WA 
Michael Farrow; Umatilla Confederated Tribes, Pendleton, OR 
Scott Edison; Upper Columbia United Tribes, Nespelem, WA 
Pete Peterson; Upper Columbia United Tribes, Spokane, WA 
Christine Golightly; Columbia River Intertribal Fisheries Commission, 
Portland, OR 
Donald Sampson; Columbia River Intertribal Fisheries Commission, 
Portland, OR 

Bill Wiles; Upper Columbia United Tribes, Spokane, WA 
Upper Skagit Tribe, Sedro Wooley, WA 
Yakama Nation, Toppenish, WA 
Carroll Palmer; Yakama Nation, Toppenish, WA 
David Powell; Yakama Nation, Toppenish, WA 
Jim Matthews; Yakama Nation, Toppenish, WA

 
State Agencies 
Paddy O’Brien; AAG office, Olympia, WA 
Ted Callow; AAG office, Olympia, WA 
Kathy Gerla; AAG office, Olympia, WA 
Neil Wise; AAG office, Olympia, WA 
Paul Figueroa; DOA, Olympia, WA 
James Marra; DOA, Olympia, WA 
SEPA; Ecology, Lacey, WA 
Jeannette Barreca; Ecology, Lacey, WA 
Jean Parodi; Ecology, Spokane, WA 
Bob Penhale; Ecology, Bellevue, WA 
Terry Jackson; WDFW, Olympia, WA 
Lloyd Moody; Governor’s Office, Olympia, WA 
Ben Brown; WSDOT, Seattle, WA 
Michael MacDonald; WSDOT, Seattle, WA 
Trevin Taylor; WSDOT, Olympia, WA 
Janene Creighton; WSU, Pullman, WA 
Phyllis McLeod; Environmental Hearings Office, Lacey, WA 

June Letart; Oregon Dept. of Forestry, Salem, OR 
Jim Paul; Oregon Dept. of Forestry, Salem, OR 
Lanny Quackenbush; Oregon Dept. of Forestry, Salem, OR 
Clallam Conservation District, Port Angeles, WA 
Dwayne Woolsey; Revenue, Vancouver, WA 
Victor Moon; State Legislature, Olympia, WA 
Monica Spicker; Spokane Comm. College, Spokane, WA 
Erika Herfindahl; SPU, North Bend, WA 
Susan York; State Parks, Wenatchee, WA 
Bruce Bare; Univ. of WA - Forest Resources, Seattle, WA 
Larry Mason; Univ. of WA, Seattle, WA 
Patrick Rusher; Univ. of WA, Seattle, WA 
Matthew Walsh; Univ. of WA, Seattle, WA 
Mason McKinley; Univ. of WA, Eatonville, WA 
Elaine Oneil; Univ. of WA, Seattle, WA 
 

 
County Government 
Edward Nitkowski; Clark County, Battle Ground, WA 
Maria Sosnowski; Clark County, Vancouver, WA 
Commissioner Steve Tharinger; Clallam County, Port Angeles, WA 
Clark Posey; Columbia County, Dayton, WA 
Dave Flemings; Cowlitz County, Kelso, WA 
Commissioner Ken Stanton; Douglas County, Waterville, WA 
Mark Kulaas; Douglas County, East Wenatchee, WA 
Director; Ferry County, Republic, WA 
Sharon Shumate; Ferry County, Republic, WA 
Commissioner; Garfield County, Pomeroy, WA 
Commissioner; Grant County, Ephrata, WA 
Jeff Geer; Grays Harbor County, Montesano, WA 
Donald Smith; Grays Harbor County, Montesano, WA 
Larry Smith; Grays Harbor County, Montesano, WA 
Mike Shelton; Island County, Coupeville, WA 
Jeff Tate; Island County, Coupeville, WA 
Josh Peters; Jefferson County, Port Townsend, WA 
Al Scalf; Jefferson County, Port Townsend, WA 
Randy Sandin; King County, Renton, WA 
Stephanie Warden; King County, Renton, WA 
Kristi McClelland; King County, Seattle, WA 
Don Woodworth; King County, Seattle, WA 
Commissioner Tim Botkin; Kitsap County, Port Orchard, WA 
Karanne Gonzalez; Kitsap County, Port Orchard, WA 
Commissioner; Kittitas County, Ellensburg, WA 
Commissioner; Klickitat County, Goldendale, WA 
Brian Frampton; Klickitat County, Goldendale, WA 
Craig Swanson; Lewis County, Chehalis, WA 
Commissioner; Lincoln County, Davenport, WA 
Commissioner; Mason County, Shelton, WA 
Commissioner; Okanogan County, Okanogan, WA 
Sheilah Kennedy; Okanogan County, Okanogan, WA 
Jon Kaino; Pacific County, South Bend, WA 

Commissioner; Pend O’Reille County, Newport, WA 
Debby Hyde; Pierce County 
Bob Arnold; Pierce County, Puyallup, WA 
Adonais Clark; Pierce County, Tacoma, WA 
Niki Yonkow; Pierce County, Tacoma, WA 
Scott Sissons; Pierce County, Tacoma, WA 
Laura Arnold; San Juan County, Friday Harbor, WA 
Commissioner Ted Anderson, Skagit County, Mt Vernon, WA 
John Cooper; Skagit County, Mt. Vernon, WA 
Kendra Smith; Skagit County, Mt. Vernon, WA 
Bob Vaux; Skagit County Parks, Mt. Vernon, WA 
Charly Boyd; Skamania County, Stevenson, WA 
Al McKee; Skamania County, Stevenson, WA 
Bud Quinn; Skamania County, Stevenson, WA 
Bob Talent; Skamania County, Stevenson, WA 
Karen Witherspoon; Skamania County, Stevenson, WA 
Alan Bennett; Snohomish County, Everett, WA 
Curt Kiessig; Snohomish County, Everett, WA 
Donna Noborikawa; Snohomish County, Everett, WA 
Candace Soine; Snohomish County, Everett, WA 
Bernice Tannenbaum; Snohomish County, Everett, WA 
Planning Director; Spokane County, Spokane, WA 
Frank Paladichuk; Spokane County, Spokane, WA 
Commissioner; Stevens County, Colville, WA 
Mark Swartout; Thurston County, Olympia, WA 
Michelle Hagen; WA Assoc. of County Officials, Olympia, WA 
Commissioner Daniel Cothren; Wahkiakum County, Cathlamet, WA 
Planning Director; Walla Walla County, Walla Walla, WA 
Ward Nelson; Whatcom County 
Jill Nixon; Whatcom County, Bellingham, WA 
Commissioner; Whitman County, Colfax, WA 
Dane Dunford; Whitman County, Colfax, WA 
Commissioners; Yakima County, Yakima, WA 

 
 
 



 
 
 
 
 
 

Final EIS Distribution List 
 

Chapter 7 

7-3 

City Government 
Tom Richardson; City of Cheney, Cheney, WA 
Mike Lentz; City of Aberdeen, Aberdeen, WA 
Bill Blake; City of Arlington, Arlington, WA 
Steve Morse; City of Bainbridge Island, Bainbridge Island, WA 
Shannon Mayfield; City of Bonney Lake, Bonney Lake, WA 
City of Bremerton, Bremerton, WA 
Eric Levison; City of Camas, Camas, WA 
David Martineau; City of Colville, Colville, WA 
Dan Carnrite; City of Edgewood, Edgewood, WA 
David Favour; City of Issaquah, Issaquah, WA 
Charlene Anderson; City of Kent, Kent, WA 
James Cutts; City of Lynnwood, Lynwood, WA 
Gloria Hirashima; City of Marysville, Marysville, WA 
Jenifer Creamer; City of Mount Vernon, Mt Vernon, WA 

Laurence Stockton; City of North Bend, North Bend, WA 
Nancy Tucker; City of North Bend, Snoqualmie, WA 
Roberta Lewandowski; City of Redmond, Redmond, WA 
Evan Maxim; City of Sammamish, Sammamish, WADennis Lefevre; 
City of Sequim, Sequim, WA 
Barbara Robinson; City of Shelton, Shelton, WA 
Darcy Donovan; City of Smammish, Sammish, WA 
Connie Dunn; City of Sultan, Sultan, WA 
Tami Merriman; City of Yelm, Yelm, WA 
Sue Roberds; City of Port Angeles, Port Angeles, WA 
Carla Culver; Seattle Public Utilities, North Bend, WA 
Wendy Sammarco; Seattle Public Utilities, North Bend, WA 
Cindy Swanberg; Tacoma Power, Tacoma, WA 
Dick Ryan;Tacoma Public Utilities, Tacoma, WA 
Lisa Stowe; Town of Index, Index, WA 

 
Library 
J Carmen Robinson; Alan Thompson Library, Longview, WA 
Davis Wright; Tremaine Library, Seattle, WA 
Enumclaw Public Library, Enumclaw, WA 
Forest Resources Library, Seattle, WA 
Ft. Vancouver Library, Vancouver, WA 
Peggy Jarrett; Gallagher Law Library Acquisitions, Seattle, WA 
Goldendale Comm. Library, Goldendale, WA 
Gonzaga Univ - Foley Library, Spokane, WA 
Lee Semsen; Green River Comm College Library, Auburn, WA 
Cheryl Standley; King County Library System, Bellevue, WA 
King County Library System, North Bend, WA 
Kittitas Public Library, Kittitas, WA 
Sally Demos; Lewis D Cannell Library, Vancouver, WA 

Terri Hagle; Lower Columbia Library, Longview, WA 
Olympia Timberland Library, Olympia, WA 
Jeanette Volland; Seattle Public Library, Seattle, WA 
Shannon and Wilson Tech Library, Seattle, WA 
Becky Bolte; Sno-Isle Regional Library, Oak Harbor, WA 
Spokane Public Library, Spokane, WA 
Glenn Storbeck; Tacoma Public Library NWR, Tacoma, WA 
Thirza Krohn; Timberland Library, Aberdeen, WA 
Valerie Jester; Timberland Regional Library, Montesano, WA 
Washington State Library System (50 copies) 
Washington State University, Pullman, WA 
Jennifer Hull; White Salmon Valley Comm. Library, White Salmon, WA

 
Media 
Columbia Pacific RC and D, Aberdeen, WA The Olympian, Olympia, WA 
Dee Camp; The Chronicle, Omak, WA Ginger Eagle; TVW, Olympia, WA 
Meg Olson; The Northern Light, Blaine, WA Robert McClure; Seattle Post-Intelligencer, Seattle, WA 

 
Large Landowners 
Glenn Clements, Maple Valley, WA 
Mark Willhite, Sandy, OR 
John W Allen; Bloedel Timberlands Development, Seattle, WA 
Marla Bieker; Boise, Ellensburg, WA 
Ben Carlsen; Boise, Ellensburg, WA 
Maria Ranmeyer; Boise, Kettle Falls, WA 
Steve Tveit; Boise, Kettle Falls, WA 
Jim Vander Ploeg; Boise, Yakima, WA 
Chuck Parker; Buse Timber, Sedro Woolley, WA 
Barry Armstrong; Champion Pacific, Morton, WA 
Steve Bratz; Crown Pacific, Hamilton, WA 
Frank Silvernail; Crown Pacific Olympic Division, Port Angeles, WA 
Lane Selman; Georgia Pacific, Camas, WA 
Rob Vance; Georgia Pacific, Camas, WA 
Alan Bibby; Longview Fibre Co., Leavenworth, WA 
Wade Boyd; Longview Fibre Co., Longview, WA 
Steve Hansen; Longview Fibre Co., Stevenson, WA 
Chris Lipton; Longview Fibre Co., Stevenson, WA 
Larry Mitchem; Longview Fibre Co., Sedro Woolley, WA 
Blake Rowe; Longview Fibre Co., Longview, WA 
Wes Schlenker; Longview Fibre Co., Longview, WA 
Richard A Schneider; Longview Fibre Co., Longview, WA 
Terry Pelt; Louisiana Pacific Corp., Tacoma, WA 
Norm Schaaf; Merrill & Ring, Port Angeles, WA 
Tom Murray; Murray Pacific Corp., Tacoma, WA 
Tim Halme; Olympic Resource Management, Amboy, WA 
John Hadaller; Pacific Fibre Products, Longview, WA 
David Crooker; Plum Creek Timber Co. Inc., Seattle, WA 
Rick Holley; Plum Creek Timber Co. Inc., Seattle, WA 

Jeff Light; Plum Creek Timber Co. Inc., Seattle, WA 
Lee Spencer; Plum Creek Timber Co. Inc., Roslyn, WA 
Ken Risenhoover; Port Blakely, Tumwater, WA 
Court Stanley; Port Blakely, Tumwater, WA 
Orville Mowry; Port Blakely, Tumwater, WA 
Jerry Brodie; Rainier Timber Co., Portland, WA 
Don Schwediman; Rayonier, Bellevue, WA 
Alan Cheney; SDS Lumber Co., Bingen, WA 
Tim Sheldon; Sheldon Properties, Hoodsport, WA 
Dave Backstrom; Green Diamond Resource Co., Shelton, WA 
Jon Barrett; Green Diamond Resource Co., Shelton, WA 
Patti Case; Green Diamond Resource Co., Shelton, WA 
Gerald Lester; Green Diamond Resource Co., Shelton, WA 
Bill Mehl; Green Diamond Resource Co., Shelton, WA 
Gary Schuyten; Green Diamond Resource Co., Shelton, WA 
Keith Simmons; Green Diamond Resource Co., Shelton, WA 
Jim Thiemens; Green Diamond Resource Co., Shelton, WA 
Charlie Travaglione; Green Diamond Resource Co., Shelton, WA 
Fred Wedam; Green Diamond Resource Co., Shelton, WA 
Paul Wing; Green Diamond Resource Co., Shelton, WA 
Mark Wittenberg; Green Diamond Resource Co., Shelton, WA 
Terry Pelt; Green Diamond Resource Co., Tacoma, WA 
Rusty Cain; Stimson Lumber Co., Clatskanie, OR 
Dwight Opp; Stimson Lumber Co., Newport, WA 
Wade Pierce; Stimson Lumber Co., Newport, WA 
Tim Shiel; Stimson Lumber Co., Forest Grove, OR 
Scott Gray; Stimson Lumber Co., Portland, OR 
Doug Smith; Stimson Lumber Co., Newport, WA 
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Large Landowners (continued) 
Jeff Jones; U.S. Timberlands - Yakima LLC, Ellensburg, WA 
Anna Bruce; West Fork Timber Co., Mineral, WA 
Scott Swanson; West Fork Timber Co., Lakewood, WA 
Jan Pauw; Weyerhaeuser Co., Federal Way, WA 
Kevin Godbout; Weyerhaeuser Co., Federal Way, WA 
Cassie Phillips; Weyerhaeuser Co., Federal Way, WA 
Warren Sorenson; Weyerhaeuser Co., Longview, WA 
Dotty Yount; Weyerhaeuser Co., Woodland, WA 
Steve Barnowe-Meyer; Weyerhaeuser Co., Pe Ell, WA 
Bruce Beckett; Weyerhaeuser Co., Olympia, WA 
Carl Bjelland; Weyerhaeuser Co., Oroville, WA 

Don Haid; Weyerhaeuser Co., Federal Way, WA 
Jim Hillery; Weyerhaeuser Co., Cosmopolis, WATony Melchiors; 
Weyerhaeuser Co., Federal Way, WA 
Tim Scherer; Weyerhaeuser Co., Cosmopolis, WA 
Jack Thein; Weyerhaeuser Co., Cosmopolis, WA 
Greg Tolbert; Weyerhaeuser Co., Federal Way, WA 
Jim Fisher; Weyerhaeuser Co., Longview, WA 
Library; Weyerhaeuser Co., Federal Way, WA 
Bill Wilkerson; WFPA, Olympia, WA 
Peter Heide; WFPA, Olympia, WA 
Heather Rowton; WFPA, Olympia, WA 
Jim Wick; Woodland Mgmt., Lake Oswego, OR 

 
Small Landowners 
Dave Adams, Moscow, ID 
Tom Anderson, Spokane, WA 
Norm Anderson, Olympia, WA 
Terry Arnold, White Salmon, WA 
Craig Bernhart, Bothell, WA 
Jean Bolton, Seattle, WA 
Curt Bower, Woodland, WA 
John Breithaupt, Renton, WA 
Robert Burns, Ridgefield, WA 
Rick Carter, Onalaska, WA 
Matt Chiles, Centerville, WA 
Don Christensen, Gig Harbor, WA 
Russ Clark, Port Orchard, WA 
Elizabeth Davis, Freeland, WA 
Clarence Dickinson, Black Diamond, WA 
Michael Doig, Shelton, WA 
Fred Ebeh, Colbert, WA 
Fred Ebel, Post Falls, ID 
Gerald Harteloo, Washougal, WA 
Stan Johnson, Ravensdale, WA 
Allan Koidahl, Seattle, WA 
Doris Kovanen, Bellingham, WA 
Mark Levanen, Battle Ground, WA 
Steven Long, Sunnyside, WA 
Tim Malgren, Chehalis, WA 
Jim Maxson, Malaga, WA 
Ken & Bonnie Miller, Olympia, WA 
Bob Monahan, Kent, WA 
Jim Newman, Mossy Rock, WA 
Tom Oatfield, Aberdeen, WA 
Craig Owens, Port Angeles, WA 

Richard Pierson, Auburn, WA 
Jane & Peter Revesz, Battleground, WA 
Russell Shippey, Aberdeen, WA 
Russell Smith, Enumclaw, WA 
Clint Swiger, Davenport, WA 
Roger Varnett, Shoreline, WA 
Winton Wefer, Bellingham, WA 
Lynn Wells, Nine Mile Falls, WA 
Frank White, Yacolt, WA 
Ren Wilson, Oakville, WA 
Gene Anest; A & A Tree Farms Inc., Kingston, WA 
Bruce H Lewis; Appleton Ridge Tree Farm, Appleton, WA 
Steve Dysart; Blue Herson Forestry Services, Shelton, WA 
Cliff & Marvel Collins; C & H Tree Farms, Ephrata, WA 
Dave Townsend; Coburg Tree Farm Bellevue, WA 
Bob & Lynette Falkner; Custer Creek Tree Farm, Raymond, WA 
Steve Pedersen; Forest Resources Inc., Chehalis, WA 
David Garvida; Hampton Tree Farms, Longview, WA 
Fred Nicoll; Hampton Tree Farms, Longview, WA 
Bob Beamer; Hampton Tree Farms, Mt Vernon, WA 
Kris McCall; Hampton Tree Farms, Mt Vernon, WA 
Steve Sprague; Jim Creek Tree Farm, Arlington, WA 
Lester Burns Family L.P., Washougal, WA 
Levanen Inc., Battle Ground, WA 
Laura Johannes; Overton & Assoc., Belfair, WA 
Peter Overton; Overton & Assoc., Olympia, WA 
Bob Brink; Pomeroy Plowman Ranch Ltd., Yacolt, WA 
Tom Fox; Tree Management Plus, Ethel, WA 
Rick Dunning; WFFA, Olympia, WA 
Charles McTee; WFFA, Eatonville, WA 

 
Other Organizations 
Gary Aldrich; Aldrich Logging, Rochester, WA 
Lisa Layman; Aloha Lumber, Olympia, WA 
Bob Dick; American Forest Resource Council, Olympia, WA 
Daniel Hall; American Lands, Portland, OR 
Doug Hockett; Anderson & Middleton Logging, Hoquiam, WA 
Chris Mendoza; Arc Consultants, Olympia, WA 
Cookie Campbell; Associated Project Consultants, Bellingham, WA 
Charles Barber; Atterbury Consultants Inc., Beaverton, OR 
Nina Carter; Audubon Washington, Olympia, WA 
Larry Baker; Baker Logging, Clackamas, OR 
Ted Baker; Baker Resource Group, Olympia, WA 
Dan Baxter; Baxter Logging, Kelso, WA 
Ben & Laurie Nelson; Ben Nelson Logging, Usk, WA 
Martin Vaughn; Biota Pacific, Bothell, WA 
Doug Woodwork; Biota Pacific, Bothell, WA 
Patricia Carlson; Boise Building Solutions, Ellensburg, WA 
Eric Keller; Boise Building Solutions, Goldendale, WA 
John Manwell; Boise Building Solutions, La Grande, OR 
Dan Bonnell; Bonnell Logging, Montesano, WA 

John Boulton; Boulton Logging Inc., Quilcene, WA 
David C Strong; Bradley-Noble Geotechnical, Olympia, WA 
Eric Meister; Brittlind Company, Elma, WA 
Karl Karlsson; Broughton Lumber Co., Underwood, WA 
Harold Brunstad; Brunstad Logging, Montesano, WA 
Patricia Wolfson; Buck & Gordon, Seattle, WA 
Burns & Williams, Seattle, WA 
Chris Soncarty; C\O Jones & Stokes, Bellevue, WA 
GL Menahan; Cabin Mountain LLC, Tacoma, WA 
Frannie; Cairncross & Hempelmann, Seattle, WA 
John Hempelmann; Cairncross & Hempelmann, Seattle, WA 
John Payseno; Cairncross & Hempelmann, Seattle, WA 
Bobbi Callies; Campbell Group, Morton, WA 
Erv Johnston; Cascade Hardwoods, Chehalis, WA 
Tom Layton; Cascade Hardwoods, Chehalis, WA 
Steve Sabalaske; Cascade Hardwoods, Chehalis, WA 
Kimberly Burkland; Central Cascades Alliance, Hood River, OR 
Dave Palmer; Chehalis River Council, Centralia, WA 
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Other Organizations (continued) 
Julie Truax; Chehalis Valley Timber Inc., Montesano, WA 
Steve John; Chums of Barker Creek, Tracyton, WA 
Ryan Niemi; Clear Creek Forestry, Olympia, WA 
Brian Bledsoe; Colorado State University, Ft. Collins, CO 
Dave Robinson; Concerned Friends of Ferry County, Curlew, WA 
Edward Miles; Consulting Forester, Spokane, WA 
Dan Coyne; Coyne & Associates, Olympia, WA 
Jon Cushman; Cushman Law office, Olympia, WA 
Alex Brady; Cushman Law office, Olympia, WA 
Ben Cushman; Cushman Law office, Olympia, WA 
Chan Norenberg; Darb Hill Tree Farm, Castle Rock, WADave 
Kennedy; David Evans & Assoc. Inc., Portland, OR 
Kevin Ohara; David Evans & Assoc. Inc., Portland, OR 
Davis Wright Tremaine LLP, Seattle, WA 
Gordon Dills; Dills Creek Inc., Hamilton, WA 
Todd Webster; Dons Wood & Dozing, Poulsbo, WA 
Mark Hannah; Economic Development Council, Port Angeles, WA 
Tim Edmonds; Edmonds & Sons Construction, Napavine, WA 
Edwards Logging Company, Port Angeles, WA 
Alissa Boyce; ENSR, Redmond, WA 
Rick Conhiser; Erickson Logging Inc., Eatonville, WA 
Kurt Erickson; Erickson Logging Inc., Eatonville, WA 
Laura Patten; Erickson Logging Inc., Eatonville, WA 
Fred Wilhelm; ESM Consulting Engineers, Federal Way, WA 
Daniel Foster; Farm & Forest Helicopter Service, Napavine, WA 
Aaron Firchau; Firchau Construction, Snohomish, WA 
Dawn Mayes; Fishpro Inc., Port Orchard, WA 
Don Stewart; Fitzer Logging Inc., Eatonville, WA 
Jim O'Donnell; Forest & Wildlife Mgmt., Gig Harbor, WA 
Jim Brady; Forest Resources Options Inc., Issaquah, WA 
Brian Carbaugh; Forest Systems Inc., Cosmopolis, WA 
Dan Stransky; Forest Systems Inc., Mount Vernon, WA 
Matthew Comisky; Fortech Inc., Chehalis, WA 
Randy Fairbanks; Tetra Tech FW Inc., Bothell, WA 
John Ostendorff; Tetra Tech FW Inc., Bothell, WA 
Frei Timber Co., Langley, WA 
Nathan Baker; Friends of The Columbia Gorge, Portland, OR 
Michael Lang; Friends of The Columbia Gorge, Portland, OR 
Gary Purdy; Future Log Inc., Cosmopolis, WA 
Kyle Peters; G & J Logging, Glenoma, WA 
Angie & Mark Gunderson; G & V Contractors Inc., Leavenworth, WA 
Dean Schwickernath; Grays Harbor Audubon Society, McCleary, WA 
Golder Association, Redmond, WA 
Paul Conrecode; Golder Association, Redmond, WA 
Paul Kriegel; Goodyear Nelson, Bellingham, WA 
Katie Drake; Graham & Dunn, Seattle, WA 
Elaine Spencer; Graham & Dunn, Seattle, WA 
Henry Bell; Green Crow, Bellevue, WA 
Mark Gallison; Green Crow, Bellevue, WA 
Randall S Johnson; Green Crow, Port Angeles, WA 
Jeff Grant; Green Crow, Everett, WA 
Mike Walsh; Green Crow, Aberdeen, WA 
Kevin Gallanger; Green Tree Cutting, Aberdeen, WA 
Joseph Kaliszelski; Greensource Inc., Portland, OR 
Ronald Jackson; Gunsmoke Inc., Tokeland, WA 
Rick Stevenson; Gunsmoke Inc., Tokeland, WA 
Vern Gurnsey; Gurnsey Investments Ltd., Boise, ID 
Kent Kelly; Haglund & Kirtley, Portland, OR 
Haglund and Kirtley LLP, Portland, OR 
Mark Baugh; Hampton Tree Farms Inc., Mt Vernon, WA 
Sue Remillard; Hampton Tree Farms Inc., Mt Vernon, WA 
John Davis; Hancock Forest Management Inc., Vancouver, WA 
Mike Neff; Heglund & Kirtley, Portland, OR 
Suzanne Powers; Hills Clark Martin & Peterson, Seattle, WA 
Jerry Holbrook; Holbrook Inc., Olympia, WA 
Terry Moore; Holbrook Inc., Olympia, WA 
Shad Morey; Holbrook Inc., Olympia, WA 

Will Hamilton; HRMI, Friday Harbor, WA 
Dennis Parent; Inland Empire Paper Co., Spokane, WA 
Intl Forestry Consultants Inc., Bothell, WA 
John Gold; John Gold & Company, Anacortes, WA 
Harvey Johnson; Johnson Forestry Contracting, Naselle, WA 
Daniel Kelley; K & K Logging, Shelton, WA 
Stan Adams; Kaibab Logging Inc., Toutle, WA 
Chuck Garner; Kennewick Irrigation Dist., Kennewick, WA 
Derek Knowles; Kettle Range Conservation Group, Spokane, WA 
Hal Rowe; Kettle Range Conservation Group, Spokane, WA 
George Wooten; Kettle Range Conservation Group, Spokane, WA 
William Gates; Kleinfelder, Bellevue, WA 
Bryan McCloskey; Kodiak Cutting Inc., Hoquiam, WA 
John Lamanna; Lamanna Geosciences Inc., Seattle, WA 
Brian McGinn; Law Offices of Winston & Cashatt, Spokane, WA 
Peggy Brutan; League of Women Voters, Seattle, WA 
Elizabeth Davis; League of Women Voters, Seattle, WA 
M. R. King & Co., Burley, WA 
Dale Hall; Manke Lumber Co., Shelton, WA 
Bill Davidson; Mason Bruce & Girard, Portland, OR 
Peter Ryan; Mason Bruce & Girard, Portland, OR 
Bob Bellamy; MBC Inc., Montesano, WA 
Mark Drain; McDonald Land Company, Shelton, WA 
Robert Stuart; MCS Environmental Inc., Mountlake Terrace, WA 
Brian Merryman; Merryman Resource Mgmt., Rainier, WA 
Steve Ellis; MLS Environmental, Mt. Lake Terrace, WA 
John Montee; Montee Timber Co., Post Falls, ID 
Jeff Boyce; Montgomery Watson Harza, Bellevue, WA 
Mason Morisset; Morisset Schlosser Ayer & Jozwiak, Seattle, WA 
Craig Chambers; Mountain Pacific Enterprises, Cosmopolis, WA 
Vic Musselman; Musselman & Assoc. Inc., Portland, OR 
Grady McCallie; N. Carolina Conservation Network, Raliegh, NC 
Dan Whittle; N. Carolina Environmental Defense, Raleigh, NC 
Jon Soest; NCW Audubon, Leavenworth, WA 
Niemi Forestry, Kelso, WA 
Nick Kirkmire; NJK Associates, Olympia, WA 
Carol Johnson; N. Olympic Timber Action Comm., Port Angeles, WA 
Brian Perleberg; Northern Resource Consulting, Longview, WA 
Dave Werntz; NW Ecosystem Alliance, Bellingham, WA 
Steve Wistrand; NW Forestry Consulting, Poulsbo, WA 
Alan Gahlsdorf; NW Forestry Resources Inc., Salem, OR 
Steve Axtell; NW Hardwoods, Longview, WA 
Daniel Clark; NW Helicopters Inc., Olympia, WA 
Joel Kretz; Okanagon Farm Bureau, WA 
Warren Zesiger; Benton Co. Farm Bureau, Benton City, WA 
Olympic Excavation, Oakville, WA 
Olympic Forestry, Olympia, WA 
Olympic Resource Management, Chehalis, WA 
Glen Maxim; Olympic Resource Mgmt., Port Gamble, WA 
Glen Spain; Pacific Coast Fed. of Fishermen's Assn's & Institute For 
Fisheries Resources, Eugene, OR 
Duane Weston; Pacific Denkmann Co., Arlington, WA 
Tim Manley; Pacific Forest Consultants, Newberg, OR 
Steve Faulkner; Pacific Forest Resources, Enumclaw, WA 
Mary Scurlock; Pacific Rivers Council, Portland, OR 
Mike Papac; Papac Logging Inc., Montesano, WA 
Wayne Adams; Pentec Environmental Inc., WA 
Jenelle Black; Pentec Environmental Inc, WA 
Brad Munson; Perkins Coie LLP, Seattle, WA 
Galen Schuler; Perkins Coie LLP, Seattle, WA 
Lloyd Phinney; Phinney Fish Consulting Services, Olympia, WA 
Dan Duce; Pic Technologies, Denver, Co 
Katherine Johnson; Pilchuck Audubon Society, Everett, WA 
Rhidian Morgan; Plas Newydd, Ridgefield, WA 
Robert Plummer Jr; Plummer Brothers Inc., Elma, WA 
Jim Harris; Powell Trucking, Chehalis, WA 
Mike Powell; Powell Trucking, Chehalis, WA 
Eric Pries; Pries Logging, Onalaska, WA 
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Other Organizations (continued) 
David Asleson; Priest Lake Ranger Dist., Priest River, ID 
Professional Forest Services Inc.; Tumwater, WA 
Ron Pursley; Pursley Logging Co., Castle Rock, WA 
Bob Playfair; Rafter Seven Ranch, Chewelah, WA 
Bruce Harpham; Rainier Audubon Society, Auburn, WA 
Robert Meier; Rayonier, Hoquiam, WA 
Tim Johnson; Recon Company, College Place, WA 
Resource Mapping and Management, Bellevue, WA 
Gregory Schroder; Resources NW Consultants, Kirkland, WA 
Michael Sapp; Riley Creek Lumber Co., Laclede, ID 
Dave Russell; Roseburg Forest Products, Roseburg, OR 
Timothy Newman; SA Newman Firm, Everett, WA 
Daria Gere; Save Our Cumberland Mountains, Lake City, TN 
Jim Schuster; Schuster Logging, Goldendale, WA 
Frank Backus; SDS Lumber Co., Bingen, WA 
Jon Cole; SDS Lumber Co., Bingen, WA 
Travis Spikes; Se Group, Bellevue, WA 
Steven Wirkkala; Seal River Logging Inc., Rosburg, WA 
Lynn Ferguson; Seattle Audubon, Seattle, WA 
Alex Morgan; Seattle Audubon, Seattle, WA 
Arnie Suhrbier; Seven Oaks Forest Mgmt., Chehalis, WA 
Gary Lindsey; Silverdale Realty, Silverdale, WA 
John Gorman; Simpson Investment Co, Seattle, WA 
Barry Sims; Sims Forestry, Portland, OR 
Bob Dahmen; Sitts & Hill Engineers Inc., Tacoma, WA 
Gary Kuzinski; Sitts & Hill Engineers Inc., Tacoma, WA 
Louie Requa; Skagit Surveyors & Engineers, Sedro Woolley, WA 
Skarperud Timber Co., Elma, WA 
Snow Creek Environmental, Leavenworth, WA 
Michael Cain; Snow Creek Environmental, Leavenworth, WA 
Doug Faulkner; Somero Construction, Raymond, WA 
Kathryn McDeed; South Carolina Forest Watch, Westminster, SC 
Trent Reed; Specialized Timber Tree Service, Longview, WA 
Brad Humphrey; SSC Contractors, Mineral, WA 
Robert Sokol; SSC Contractors, Mineral, WA 
Josh Stoken; Stoken Inc, Hoquiam, WA 
Cliff Barnhart; Stuntzner Engineering & Forestry, Coos Bay, OR 
Steve Frichtl; Stuntzner Engineering & Forestry, Coos Bay, OR 
Travis Calderwood; Subase Forester, Silverdale, WA 
Marc McCalmon; Terra GIS Solutions, Bellevue, WA 
Tim & Diane Homola; TH Logging, Battleground, WA 
Jim Hansen; The Campbell Group, Cathlamet, WA 
Jim McCauley; The Campbell Group, Portland, OR 
Randy Roeh; The Campbell Group, Orting, WA 
Corbitt Simmons; The Forest Technology Group, Summerville, SC 
Rein Attemann; The Lands Council, Spokane, WA 
Fatima Oswald; The Mountaineers, Seattle, WA 
Bill Clements; Three Way Inc., Humptulips, WA 
Ron Emery; Three Way Inc., Humptulips, WA 

 
Flora Leisenring; Thurston County League of Women Voters, Olympia, WA 
Jim Murphy; Timber Services Inc., Chehalis, WA 
Mark Setters; Tucker Creek Timber, Castle Rock, WA 
Duane Vaagen; Vaagen Brothers Lumber Inc., Colville, WA 
Steve Vaal; Vaal Excavating, Port Angeles, WA 
Jack Barbash; Vashon-Maury Island Forest Practices Comm., Vashon, WA 
Mark Stevens; Vector Engineering, Olympia, WA 
Daniel Zender; Visser Zender & Thurston, Bellingham, WA 
Jerry Bonagofsky; WA Contract Loggers Assoc., Olympia, WA 
Bill Pickell; WA Contract Loggers Assoc., Olympia, WA 
Bart Madison; WA Council Trout Unlimited, Tacoma, WA 
Becky Kelly; WA Environmental Council, Seattle, WA  
Hertha Lund; WA Farm Bureau, Olympia, WA 
Mike Poulson; WA Farm Bureau, Connell, WA 
Angela Emery; WA Forest Law Center, Seattle, WA 
Peter Goldman; WA Forest Law Center, Seattle, WA 
Eric Harlow; WA Forest Law Center, Seattle, WA 
Tina Kaps; WA Forest Law Center, Seattle, WA 
Paul Kennard; WA Forest Law Center, Seattle, WA 
Tina Knapp; WA Forest Law Center, Seattle, WA 
Toby Thaler; WA Forest Law Center, Seattle, WA 
Galen Wright; WA Forestry Consulting Inc., Olympia, WA 
Heather Hansen; WA Friends of Ferns & Forests, Olympia, WA 
David Sweitzer; WA Hardwoods Commission, Camas, WA 
Gary Hanson; WA Timberland Management Inc., Union, WA 
Kitty Russell; Washington Assoc. of Conservation Districts, Bow, WA 
Kurt Beardslee; Washington Trout, Duvall, WA 
Ron Waters; Waters Company, Longview, WA 
Ron Waters; Waters Technical Forestry, Kelso, WA 
Amy Waters; Waters Technical Forestry, Kelso, WA 
Jeff Dugan; Wengler Surveying, Port Angeles, WA 
Cari Terris; Western Timber Inc., Port Orchard, WA 
Steve Erickson; Whidbey Environmental Action Network, Langley, WA 
Ron Whitmire; Whitmire Inc., Goldendale, WA 
Harry Wiebold; Wiebold & Sons Logging Inc., Vancouver, WA 
Todd Oatfield; Willapa Logging Co., Raymond, WA 
Maurice Williamson; Williamson Consulting, Colville, WA 
Don Theoe; Woodland Forestry Consultants, University Place, WA 
Gary Joiner; WSFB, WA 
Zenovic and Assoc. Inc., Port Angeles, WA 
Al Zepp; Zepp Logging, Elma, WA 
Jill Silver; 10,000 Years Institute, Bainbridge Island, WA 

 

Individuals 
Dan Boeholt, Aberdeen, WA 
Earl Christensen, Spangle, WA 
Edwin Johnson, Port Angeles, WA 
Joel Kupeberg, Vashon, WA 
Hal Meenack, Valleyford, WA 
Jim O'Donnel, Newman Lake, WA 
Jim Podlesny, Port Angeles, WA 
Michael Spemen, Raymond, WA 
Nick Abellera, Oroville, WA 
Tim Aho, Monmouth, WA 
William Aldridge, Olympia, WA 
Dennis Arlin, Newcastle, WA 
Ted Baker, Satsop, WA 
Rick, Batlen, Olympia, WA 
John Bay, Raymond, WA 
Glen Beckman, Forks, WA 

Karen Bedrossian, Everett, WA 
Dan Belgarde, Port Angeles, WA 
Stanley Benson, Hood River, OR 
Crane Bergdahl, Pasco, WA 
John Bocek, Auburn, WA 
Paul Buerger, Olympia, WA 
Joseph Buhaly, Tacoma, WA 
Mike Busdosh, El Cajon, CA 
Debbie Buse 
Clark Caffall, Woodland, WA 
Al Cain, Olympia, WA 
Brian Carter, Ellensburg, WA 
Charles Chambers, Shelton, WA 
Chris Choo, Occidental, CA 
Margaret Chowen, South Prairie, WA 
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Individuals (continued) 
David Clark, White Salmon, WA 
Eric Cohen, Lacey, WA 
Steve Connor, Olympia, WA 
Mike Copenhefer, Bickleton, WA 
Jim Cranston, Everett, WA 
Wanda Cuncinotta, Lummi Island, WA 
Desi Degross, Enumclaw, WA 
Margo Devries, Quilcene, WA 
Craig Dickison, Kirkland, WA 
Jack Dilley, Elma, WA 
Enid Dolstad, Vashon Island, WAPat Dow, Ashford, WA 
Robert Drydahl, Des Moines, WA 
CJ Ehlers, Anacortes, WA 
Gary Ensley, Lynnwood, WA 
Tom Erlickman, Everett, WA 
Jan Fitzgerald, Portland, OR 
uitslund, Bainbridge Island, WA 
Robert Quoidbach, Longview, WA 
Matt Rasmussen, Renton, WA 
Meredith Redmon, Seattle, WA 
Bill Richardson, Shelton, WA 
Kathryn Fridley, Port Angeles, WA 
Bill Gee, Graham, WA 
Marcy Golde, Seattle, WA 
James Graham, North Bend, WA 
Norma Green, Tumwater, WA 
Liz Hamilton, Kelso, WA 
Mike Hancock, Enumclaw, WA 
Heidi Haslinge, Rainier, WA 
Mike Haviland, Eatonville, WA 
Lloyd Hedglin, Longview, WA 
David Heflick, Republic, WA 
George Heitzmann, Winlock, WA 
Phil Hess, Ellensburg, WA 
Tim Higgs, Olympia, WA 
Mark Hitchcock 
Denis Holcomb, Port Angeles, WA 
John Holmberg, Bremerton, WA 
Andy Holmes, Olympia, WA 
Donald Hopkins, Des Moines, WA 
Scott Horton, Vader, WA 
Joseph Inman, Castle Rock, WA 
Eric Jacoby, Deming, WA 
Adam James, Lilliwaup, WA 
Greg Jones, Chehalis, WA 
Don Jones, Graham, WA 
Ray A Kawamoto, Quilcene, WA 
Maxine Keesling, Woodville, WA 
Dyche Kinder, Seattle, WA 
Randy Knowles, Binger, WA 
Judith Krigsman, Bremerton, WA 
Robert Lakey, Seattle, WA 
Allen Lebovitz, South Bend, WA 
Mils Lindberger, Seattle, WA 
Mike McClury, Buckley, WA 
Mara, McGrath, Longview, WA 
Curt, McKinney, Eugene, OR 
John Meenk, Lynden, WA 
Wally Michalec, Arlington, WA 
Joan Miniken, Olympia, WA 
Ken Mischel, Port Orchard, WA 
John Moecke, Chehalis, WA 
Beth Morris, Auburn, WA 
Orville Mowry, Molalla, WA 
Mike Munroe, Brush Prairie, WA 
Joseph Murray, Clallam Bay, WA 
Steve Nelson, Brush Prairie, WA 

Gene Newman, Seattle, WA 
Robert Nichelson, Renton, WA 
Darwin Norby, Enumclaw, WA 
Steve Novotny, Enumclaw, WA 
Ed Orcutt, Carrolls, WA 
Harold Palmer, Kelso, WA 
Abbey Parks, Montesano, WA 
Lynn Pate, Eatonville, WA 
Rick Perelli, Wauma, WA 
Charles Perkins, Forks, WA 
Cory Peterson, Colbert, WA 
Pam Phillips, Auburn, WA 
Jeffrey Pike, Bellevue, WA 
Lydia Powell, Tacoma, WA 
Carolyn Pufalt, St Louis, MO 
Dana Quitslund, Bainbridge Island, WA 
Robert Quoidbach, Longview, WA 
Matt Rasmussen, Renton, WA 
Meredith Redmon, Seattle, WA 
Bill Richardson, Shelton, WA 
Tom Robertson, Ferndale, WA 
Dale C Rotter, Forks, WA 
Bill Rumbold, Bremerton, WA 
Donald Runciman, Des Moines, WA 
William Scheer, Puyallup, WA 
Jim Schlesser, Rocheste, WA 
Ken Schlichte, Tumwater, WA 
Roger Scott, Lacey, WA 
Steve Sebastian, Castle Rock, WA 
Mark Severson, Olympia, WA 
Robert Shay, Olympia, WA 
Jeff Shellberg, Neah Bay, WA 
Dave Shirey, Enumclaw, WA 
Richard Siddoway, McKenna, WA 
Nathan Slowinski, Yelm, WA 
Beth Spelsberg, Olympia, WA 
Steve Stanton, Toledo, WA 
Aubrey Stargell, Bellingham, WA 
Mark Stevens, Chehalis, WA 
Richard Stevenson, Aberdeen, WA 
Adam Stinnett 
Norm Stoken, Sequim, WA 
Bill Stone, Sumner, WA 
Franki Storlie, Ellensburg, WA 
Bruce Stuwe, Olympia, WA 
John Thomas, Kalama, WA 
Hugh Thompson, Fairfield, OH 
Jim Toole, Kent, WA 
Chris Turek, Eugene, OR 
John Tweet, Eatonville, WA 
Marnie Tyler, Olympia, WA 
Troy Valentine, Tumwater, WA 
Dean Vestal, Olympia, WA 
William S Walker, Allyn, WA 
John Walter, Poulsbo, WA 
David Warren, Seattle, WA 
Cliff Wavra, Wenatchee, WA 
Sue Weber, Issaquah, WA 
Laura Weeks, Eugene, OR 
Mark Weinburg, Bellingham, WA 
Ronda Wesson, Darrington, WA 
David Weyte, Chehalis, WA 
Walt Wheaton, Salem, OR 
Tom White 
Mary Winters, Port Townsend, WA 
Mary Wood, Eugene, OR 
Carol Yetter, Oroville, WA 
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8. LIST OF PREPARERS 

EIS Planning and Review Team 
This document was prepared under the direction of the National Marine Fisheries Service 
and the U.S. Fish and Wildlife Service.  The following individuals represented the primary 
EIS planning and review team.  

Name Affiliation 

Kathe Hawe National Marine Fisheries Service 

Steve Keller National Marine Fisheries Service (formerly) 

Bob Turner National Marine Fisheries Service 

Sally Butts U.S. Fish and Wildlife Service 

Jon Hale U.S. Fish and Wildlife Service (formerly) 

Craig Hansen U.S. Fish and Wildlife Service 

Annette Byran Environmental Protection Agency 

Denise Clark Environmental Protection Agency 

Tim Hamlin Environmental Protection Agency 

Joseph Pavel Northwest Indian Fisheries Commission 

Debora Brown Munguia Washington Department of Natural Resources 

Darin Cramer Washington Department of Natural Resources 

Jeff Grizzel Washington Department of Natural Resources 

Charlene Rodgers Washington Department of Natural Resources 

Julie Patterson Washington Department of Natural Resources 

Kim Sellers Washington Department of Natural Resources 

Carol Walters Washington Department of Natural Resources 

Ginna Correa Washington Department of Fish and Wildlife 

Marc Hayes Washington Department of Fish and Wildlife 

Mark Hunter Washington Department of Fish and Wildlife 

Terry Jackson Washington Department of Fish and Wildlife 
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Jeannette Barreca Washington Department of Ecology 

Helen Bressler Washington Department of Ecology 

Mathew Green Washington Department of Ecology (formerly) 

Stephen Bernath Washington Department of Ecology 

Lloyd Moody Governor’s Salmon Recovery Office 

Karen Cantillon Parametrix 

Mike Hall Parametrix 

Judy Brown Tetra Tech EC, Inc. 

Randy Fairbanks Tetra Tech EC, Inc. 

John Knutzen Tetra Tech EC, Inc. 

Biosketches of Primary EIS Authors 
Provided below are brief biosketches of the primary preparers of this EIS from Tetra Tech 
FWEC, Inc.  Extensive contributions to the document and analyses were also made by staff 
from the EIS Planning and Review team above.  

Randy Fairbanks, Project Manager/Land Ownership and Use 

• MS, Forest Resources (Wildlife Science, Biostatistics), University of Washington 
• BS, Wildlife Science, University of Washington 

Thirty years of experience in the design, coordination, and management of comprehensive 
environmental monitoring programs, ecological and forest research and inventories, impact 
assessments, and mitigation plans.  Project manager and/or interdisciplinary team leader for 
ten major EIS/EA forest management-related efforts.  Major contributor to dozens of other 
EISs, EAs, and Environmental Reports.  Substantial expertise in landscape-level analyses, 
forest management and planning, wildlife habitat evaluation and modeling, design of 
ecological surveys and analysis of data, Geographic Information System applications, and 
threatened and endangered species assessments. 

Joe Iozzi, Vegetation/Air Quality 

• Silviculture Institute, University of Washington 
• BS, Forest Management, Rutgers University 

Twenty-four years of experience in forestry and natural resource management, including 
17 years as an interdisciplinary team leader and 12 years as a certified silviculturist with 
the USDA Forest Service prior to joining Tetra Tech EC, Inc.  Experience includes timber 
management planning and implementation, reforestation, access management, animal 
damage control, competing vegetation control, and stand density management, as well as 
analyzing the effects of management, development, and natural disturbance on vegetation 
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and timber resources. Experience also includes more than 23 years of experience preparing 
NEPA documents for timber management, defensible fuel profile zones, herbicide use, 
environmental restoration, land exchange, rights-of-way, and other land management 
activities. 

John Knutzen, Fisheries/Riparian 

• MS, Fisheries, University of Washington 
• BA, Biology, Western Washington State College 

More than 25 years of experience evaluating developmental activity impacts to lakes, 
rivers, and stream water quality and aquatic resources. Experience has been in the Pacific 
Northwest with emphasis on salmonids, but also includes the collection and identification 
of phytoplankton, periphyton, zooplankton, aquatic invertebrates, resident cold and warm 
water fish, and anadromous stocks. Recent activities include the effects of water resource 
projects on passage and survival of salmon and trout, stream flow modifications on both 
spawning and rearing habitat, water quality including temperature, and stream habitat 
rehabilitation.  

Matthew Dadswell, Social and Economic Environment/Visual Resources/Recreation 

• PhD, Candidate, Geography, University of Washington 
• MA, Geography, University of Cincinnati 
• BA, Economics and Geography, Portsmouth Polytechnic 

Ten years of experience conducting economic, social, and land use analysis for natural 
resource and development projects, conducting land use and environmental regulatory 
analysis, and preparing environmental assessment documents and permit applications.  
Projects include timber sales, forest land exchanges, hydroelectric facilities, power plants, 
transmission lines, underground pipelines, and military base closures. 

Steve Negri, Wildlife 

• MS, Wildlife Ecology, Michigan State University 
• BS, Business Finance, University of Missouri 

Ten years of experience conducting wildlife research, preparing Threatened and 
Endangered Species evaluations and site-specific management plans, and working with 
NEPA.  Field experience includes bird banding, mist netting, radio telemetry, remote 
camera systems, aerial surveys, boat surveys, and various capture techniques for a variety 
of wildlife species, including bald eagle, marbled murrelet, common loon, osprey, ruffed 
grouse, Canada goose, harlequin duck, cavity nesting birds, neotropical migrant birds, 
mountain lion, elk, bats, furbearers, and harbor seals. 
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James Chatters, Cultural and Indian Trust Resources 

• PhD, Anthropology, Archaeology/Paleoecology, University of Washington 
• MA, Anthropology, Archaeology, University of Washington 
• BA, Anthropology/Biology, Washington State University 

Thirty-eight years of experience with archaeological/cultural resources projects in the 
Pacific Northwest, California, Great Plains, Alaska, and Hawaii.  Work for private 
corporations, and Federal, State, and local governments has ranged from literature surveys, 
overviews, and cultural resources management plans to large-scale, multi-site data 
recovery.  For the past 23 years, work has entailed frequent interactions with Indian tribes, 
including consultation, repatriation of human remains, research collaboration, and review 
of treaty agreements and other Indian legislation. Work has also included conducting 
palynological studies of fire and succession in forests from Oregon to Kentucky; studying 
the relationship between climate, stream conditions, and salmon fisheries in western rivers; 
and participating in climatic modeling efforts. 

Patty Weston, Geology and Hydrology 

• MS, Geology, UCLA 
• BA, Geology, Carleton College 

Licensed Geologist in the State of Washington with more than 5 years of experience 
providing geotechnical support for projects under NEPA, SEPA, and Washington State’s 
Model Toxics Control Act.  Field experience includes monitoring of slope stability; 
sampling of groundwater, soil, and soil vapor; and remediation of sites with petroleum and 
chlorinated solvent contamination.  Technical skills include geochemical modeling, 
statistical analysis, and technical writing.  Extensive experience in geologic mapping, 
chemical analysis, and interpretation of various geological and geochemical data. 

MaryJo Russell, GIS Analyst 

• BS, Computer Information Systems, Menlo College 

Twelve years of experience as a GIS analyst specializing in creating complex riparian 
models, surface modeling, habitat modeling, visual modeling, aerial photo interpretation, 
preparation of field maps, final production of maps for documents and wall maps.  
Experience includes serving as lead GIS analyst on more than a dozen forest management 
projects, including many EIS projects.  

Maggie Huffer, Technical Editor 

• BA, Journalism/Public Relations, Western Washington University 

Five years of experience writing, editing, and coordinating several large, complex 
documents, including many high-profile EISs and other NEPA documents.  Familiar with 
the policies and procedures associated with the NEPA process and the requirements for  
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NEPA documents.  Works directly with the project manager and interdisciplinary team 
from start to finish to produce the highest quality documents possible. 

Additional Contributors 
Mary Clare Schroeder—Threatened and Endangered Species - Plants  

Brita Woeck—Wildlife/References  

Ben Fairbanks—Fish/Amphibians 

Matt Kozleski—GIS Support 

Tim Richards—Graphic Design 

Steve Flegel—Desktop Publishing 

Judy Brown—Desktop Publishing 
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INTRODUCTION 
The geographic area of the proposed action and alternatives stretches across the entire State of 
Washington and includes all non-Federal and non-Tribal forestlands of the State (see Figure 3-1 
in Chapter 3).  These are the covered lands or the lands subject to State Forest Practices Rules.   

The State has been divided into 12 analysis regions (see Figure 3-1 in Chapter 3), which are used 
in Chapters 3 and 4 of this EIS to help describe the affected environment and environmental 
effects of the proposed action and alternatives.  The regions were defined based on three factors:  
the distribution of threatened and endangered salmonids, Water Resource Inventory Area (WRIA) 
boundaries, and physiographic regions.  The 12 analysis regions consist of 7 western Washington 
regions and 5 in eastern Washington as follows: 

Western Washington Analysis Regions 

• North Puget Sound 
• South Puget Sound 
• West Puget Sound 
• Islands 
• Olympic Coast 
• Southwest 
• Lower Columbia 

 
Eastern Washington Analysis Regions 
• Middle Columbia 
• Upper Columbia – Downstream of Grand Coulee Dam 
• Upper Columbia – Upstream of Grand Coulee Dam 
• Snake River 
• Columbia Basin 
 
Detailed summary descriptions were written for each of the 12 regions, providing baseline 
information for each area.  The summaries include detailed descriptions of land ownership and 
use, as well as physical and biological factors that were developed for each of the analysis regions 
containing a substantial area of covered lands.   

Each Regional Summary includes seven sections:  physical description, landownership and use, 
forestland ownership and management, habitat limiting factors, habitat trends, fish resources, and 
amphibians.  Each of these sections is described below along with the sources of information used 
in each one.  The Regional Summaries were developed by a number of individuals representing 
the Washington Department of Natural Resources, Washington Department of Fish and Wildlife, 
and Tetra Tech FW, Inc. 

 
1.0 Physical Description 

The physical description section describes the location, geology, and hydrology of the 
region.  Geology information was obtained from The Geology of Washington (Lasmanis 
1991) and Washington DNR watershed analyses.  Hydrology information was obtained 
from the Washington State Conservation Commission Habitat limiting Factors and 
Reconnaissance Reports and The Geology of Washington (Lasmanis 1991). 
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2.0 Landownership and Use  

The land ownership and use section contains tables showing land ownership parameters 
(Federal, State, etc.) by WRIA and land cover and use (forestland, shrubland, etc.) for 
each region.  The source for the data in the tables includes: the United States Geological 
Survey /U.S. Environmental Protection Act (EPA) National Land Cover Data GIS layer, 
Washington DNR Major Public Lands GIS layer, and Forest Service Northwest Forest 
Plan GIS layer. 

 
3.0 Forestland Ownership and Management  

The forestland ownership and management section provides percentages of forestland 
ownership types including a percent of forestlands owned by small 20-acre exempt forest 
landowners.  The section contains two tables, one including ownership and management 
of forestlands, and another including stream miles in each region by ownership category.  
The information for this section came from DNR major Public Lands, Forest Service 
Northwest Forest Plan, United States Geological Survey/EPA National Land Cover Data, 
and Washington DNR stream hydrography GIS layers 

 
4.0 Habitat Limiting Factors 

Section 4.0 (Habitat Limiting Factors) was primarily written by Washington Department 
of Fish and Wildlife biologists and discusses habitat limiting factors for salmon and trout, 
as well as for amphibians where relevant.  The primary limiting factors are described for 
the region as a whole, and by major watershed or WRIA where data are available.  
Habitat limiting factors are specifically described for: (1) sedimentation and mass 
wasting, (2) riparian, floodplain and wetland conditions, (3) channel and hydrology 
conditions, (4) estuarine and nearshore habitat, (5) large woody debris, (6) fish passage, 
and (7) water quality issues.  Information provided on limiting factors pertains not only to 
forest practices, but also includes other regional landscape conditions and uses (i.e., 
hydropower, agriculture, irrigation, development, and grazing).  Major sources of 
information include, but are not limited to, Limiting Factors Analysis (Washington State 
Conservation Commission), Washington Department of Ecology’s 303(d) lists, 
Watershed Analysis, Federal recovery plans, and subbasin planning documents. 
 

5.0 Habitat Trends 
Section 5.0 (Habitat Trends) was written by Washington Department of Fish and Wildlife 
biologists and presents trends in habitat changes based primarily on land use practices, 
with an emphasis on forest practices.  As with Section 4.0, primary sources of 
information include, but are not limited to, Limiting Factors Analysis (Washington State 
Conservation Commission), Washington Department of Ecology’s 303(d) lists, 
Watershed Analysis, Federal recovery plans, and subbasin planning documents. 

 
6.0 Fish Resources  

Section 6.0 (Fish Resources) was written by Washington Department of Fish and 
Wildlife biologists and describes the status and distribution of fish species.  Fish 
distribution is provided for all fish species by WRIA.  Federal and State status is provided 
for salmonid species, as well as other fish species.  Sources of information include 
Washington Department of Fish and Wildlife fish distribution databases and SaSI, 
Wydoski and Whitney’s Inland Fishes of Washington (2003), Limiting Factors Reports 
(Washington State Conservation Commission), and Federal Recovery Plans. 
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7.0 Amphibians 

Section 7.0 (Amphibians) was written by Washington Department of Fish and Wildlife 
biologists and describes presence and status of any of the seven species of amphibians 
covered by the proposed HCP.  This section also describes habitat limiting factors 
affecting these amphibian species.  Sources of information include various scientific 
publications, as well as research and surveys conducted by professional biologists. 
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NORTH PUGET SOUND 
REGIONAL SUMMARY 

 

1.0 PHYSICAL DESCRIPTION 

The North Puget Sound region includes five WRIAs (01, 03, 04, 05, and 07).  Major stream 
systems include the Nooksack, Skagit, Sauk, Stillaguamish and Snohomish River Basins, as well 
as other smaller tributaries.  Portions of Whatcom, Skagit, Snohomish and King Counties are 
contained within the North Puget Sound region.  A map showing the WRIAs of the North Puget 
Sound region is provided in Figure 1. 

The North Puget Sound region extends from the Puget Lowland physiographic province in the 
west to the Northern Cascades physiographic province in the east (Lasmanis 1991).  Elevations 
range from sea level to over 10,000 feet atop Mount Baker.   

General Geology 

The North Puget Sound region is characterized by high mountains in the Cascade Range, wide 
alluvial river valleys draining east to Puget Sound, and high steep foothills between these river 
valleys.  Geologically recent continental and alpine glaciations have left deep deposits of mineral 
sediment ranging from silt to rounded gravel, cobbles and boulders.  The surface material in 
many of these foothills is composed of this poorly consolidated sediment, and the river valley 
substrate represents the alluvial sorting of this material.  Geologically, contemporary eruptions 
from two volcanoes in the Cascade Range have deposited large volumes of mostly fine sediment 
in the Nooksack, Sauk and lower Skagit Rivers. 

Information concerning erosion processes in the North Puget planning region has been extracted 
from the following watershed analyses:  Skookum (Resource Investments Inc. 1993); Deer Creek 
(Collins et al. 1994); Hansen (WDNR 1995a); Jordan-Boulder (WDNR 1995b); Hazel (WDNR 
1996a); Lake Whatcom (WDNR 1997a).  

Mass wasting is the dominant erosion process in the North Puget region.  Results of watershed 
analyses indicate debris avalanches, debris flows, and debris torrents are the most common 
landslide types.  Debris avalanches comprised 72 percent of all landslides inventoried as part of 
the Jordan-Boulder watershed analysis (WRIA 05).  In the Hansen watershed administrative unit 
(WAU) (WRIA 03), almost 95 percent of mapped landslides were classified as either debris 
avalanches or debris torrents. 

Most debris avalanches initiate in convergent topography such as bedrock hollows and inner 
gorges.  Debris avalanches are controlled primarily by hillslope gradient, soil or colluvium 
thickness, rooting strength, and soil saturation and are less influenced by rock lithology (Collins 
et al. 1994).  In the Jordan-Boulder WAU, 62 percent and 27 percent of identified debris 
avalanches were associated with bedrock hollows and inner gorges, respectively.  Because 
shallow landslides occur when soil moisture and streamflows are high and most originate from 
steep, near-channel slopes, a large majority deliver sediment to stream channels.  In the Skookum 
WAU, 76 percent of landslides delivered sediment to streams while delivery was associated with 
87 percent of debris avalanches in the Hansen WAU. 
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Due to the significant relief and prevalence of high-gradient, confined stream channels, debris 
torrents are a common occurrence in the region.  The results of the Jordan-Boulder watershed 
analysis illustrate this point, where 41 percent of mapped debris avalanches formed debris 
torrents. 

Thick glacial sediments blanket valley floors in almost all parts of the region.  Rapid channel 
incision into these glacial fills during the early to mid-Holocene created a series of erosional 
terraces along all major drainages and many minor tributaries (Collins et al. 1994).  Relief created 
by these terraces coupled with perched groundwater tables creates a favorable environment for 
deep-seated slumps and earthflows.  Most deep-seated landslides in the region are associated with 
these glacial terraces.  In the Deer Creek WAU, over 90 percent of mapped deep-seated slumps 
and earthflows were associated with glacial deposits.  Watershed analyses conducted in the North 
Puget region generally indicate that deep-seated landslides comprise 10 percent or less of all 
mapped landslides. 

Hillslope erosion assessments conducted in the Jordan-Boulder, Hansen, Lake Whatcom, and 
Hazel WAUs concluded that surface erosion was not a significant contributor to sediment 
delivery.  In most cases, delivery was closely related to the level of soil disturbance and proximity 
to streams.  The low frequency of hillslope delivery was attributed to limited soil disturbance in 
near-stream areas and rapid rates of natural revegetation following disturbance. 

General Hydrology 

The region has a marine climate characterized by mild, wet winters and cool, dry summers.  
Average annual precipitation ranges from 25 inches in the San Juan Islands, just west of the 
region, to over 100 inches along the western slopes of the Northern Cascades.  Most of the 
precipitation falls as rain at lower elevations while snow is the dominant form of precipitation 
above 4,000 feet.  The region receives more than 75 percent of its annual precipitation from 
October through March 

The North Puget Sound region includes several major river basins (Figure 1).  The Nooksack, 
Skagit, Stillaguamish, and Snohomish rivers have their headwaters in the North Cascades and 
flow west through the Puget Lowland province to Puget Sound.  Peak flows generally occur 
during the fall and winter months and commonly result from rain or rain-on-snow precipitation 
events.  Spring snowmelt produces smaller magnitude peak flows while low flows occur during 
late summer and early fall. ).  The Skagit River flows are regulated by major hydropower storage 
dams in the Upper Skagit Valley.  Smaller dams are scattered elsewhere, but have relatively little 
effect on mainstem hydrology.  Based on the DNR stream hydrography GIS coverage, there are 
approximately 28,653 stream-miles (both fish-bearing and non-fish streams) in the North Puget 
Sound region, with an average stream density of 4.17 stream miles/mile2 (Table 1). 

Table 1.  Stream Miles in the North Puget Sound Region by WRIA1/ 

 
WRIA 01 
Nooksack 

WRIA 03 
Lower 

Skagit/Samish 

WRIA 04 
Upper 
Skagit 

WRIA 05 
Stillaguamish 

WRIA 07 
Snohomish 

Total North 
Puget 
Sound 

 
Stream Length 
(miles) 

      4,848        2,469       8,069       3,591        9,676     28,653 

       
 
Stream Density 
(miles/mi2) 

       3.82         4.27        3.30        5.09         5.17        4.17 

       
 1/  Primary Data Source: DNR stream hydrography GIS layer.  Stream miles include all mapped Type 1-9 streams.  
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2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 53 percent of all lands in the North Puget Sound region are in Federal ownership 
and the majority of these (representing 30 percent of all lands) are being managed for long-term 
preservation, primarily in national parks, national recreation areas, and wildernesses (Table 2).  
Another large portion of these Federal lands is being managed by the Forest Service outside of 
wilderness (22 percent of all lands); a substantial portion of these non-wilderness National Forest 
System lands is being managed under a very limited management status (e.g., Late Successional 
Reserves [LSA], Managed LSAs, Adaptive Management Areas [AMAs], or Riparian Reserves) 
according to the Northwest Forest Plan.  The remainder of the Federal lands (<1 percent of all 
lands) are being managed by other agencies.  Tribal lands represent about 1 percent of the region.  
State lands (primarily under management for timber production) represent 12 percent of all lands 
in the region, private lands represent 34 percent, and city/county lands represent 1 percent. 

Generally the upper basins are in Federal ownership, the middle basins are in State and private 
ownership, and the lower basins are in private ownership.  For example, only 2 percent of the 
WRIA 03, which consists of the Lower Skagit and the Samish watersheds, is in Federal 
ownership, but 87 percent of WRIA 04, which consists of the Upper Skagit watershed, is in 
Federal ownership. 

Land Cover and Use 

Forestland makes up approximately 78 percent of the North Puget Sound region (Table 3).  
Agricultural lands in the lower elevations make up about 7 percent of the region and ice, snow, 
and bare rock in the higher elevations make up about 6 percent.  Approximately 5 percent of the 
region is mapped as shrubland or grassland, and the remaining 4 percent consists of water and 
wetlands and residential/commercial lands. The percent forestland within each WRIA ranges 
from a low of about 67 percent in WRIA 03 to a high of 89 percent in WRIA 05. 

Table 2.  Land Ownership Parameters for North Puget Sound Region by WRIA1/ 

Land Ownership 
WRIA 01 
Nooksack 

WRIA 03 
Lower 
Skagit/ 
Samish 

WRIA 04 
Upper 
Skagit 

WRIA 05 
Stillaguamish 

WRIA 07 
Snohomish 

Total 
North 
Puget 
Sound 

Federal – Long-term 
Congressionally Protected Lands 2/ 

 162,594   3  926,590  41,662   192,736  1,323,585 

Federal – Other National Forest 
System Lands 3/ 

 108,380  7,865  441,572  130,317   292,387  980,522 

Federal – Other Federal Lands 4/  46  27  355  4,154   2,594  7,177 
       
State – Protected Lands 5/  4,876  6,385  1,819  1,284   6,343  20,707 
State – Managed Lands 6/  115,206  59,985  48,040  78,009   192,329  493,568 
Tribal Lands/Indian Reservations  13,142  7,266  -  101   20,276  40,785 
Municipal Watershed  -  -  -  -   17,383  17,383 
Other County/City Lands  5,893  2,862   1  2,478   3,144  14,378 
Private   402,179  285,637  148,743  193,413   469,885  1,499,857 
TOTAL  812,316  370,030  1,567,120  451,419   1,197,077  4,397,962 
1/ Primary Data Sources: DNR Major Public Lands, Forest Service Northwest Forest Plan GIS layers.  
2/ Includes national parks, national monuments, national recreation areas, national wildlife refuges, and wildernesses. 
3/ Includes all non-wilderness National Forest System lands;  the majority of the acres consists of lands protected under the Northwest 

Forest Plan (e.g., LSR, Managed LSR, AMA, Riparian Reserves) 
4/ Includes all Department of Defense, Department of Energy, Bureau of Land Management, and Bureau of Reclamation lands. 
5/ Includes all State Parks and Wildlife Areas.  
6/ Includes all DNR, Department of Corrections, and University lands. 
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Table 3.  General Land Cover Classifications in the North Puget Sound Region by 
WRIA1/ 

Land Cover 
WRIA 01 
Nooksack 

WRIA 03 
Lower 

Skagit/Samish 

WRIA 04 
Upper 
Skagit 

WRIA 05 
Stillaguamish 

WRIA 07 
Snohomish 

Total North 
Puget Sound 

Forestland  573,473  247,078  1,201,875  401,421   1,003,542  3,427,389 
Shrubland  12,266  4,548  66,060  3,515   19,785  106,174 
Grassland  14,360  4,534  77,987  5,190   31,024  133,094 
Water & Wetlands  9,368  6,280  27,777  3,600   23,290  70,315 
Ice, Snow, & Bare Rock  52,333  3,593  187,741  6,122   23,386  273,175 
Residential & Commercial  20,618  15,510  1,029  5,436   41,413  84,006 
Agricultural  129,900  88,487  4,652  26,134   54,638  303,810 
TOTAL  812,316  370,030  1,567,120  451,419   1,197,077  4,397,962 
1/ Primary Data Source: USGS/EPA National Land Cover Data GIS layer. 

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT  

Approximately 54 percent of the forestlands in the North Puget Sound region are in Federal 
ownership, 1 percent are in Tribal ownership, 14 percent are in State ownership, and 31 percent 
are in private or other ownership (Table 4).  A Federal or State status of preservation or limited 
management covers approximately 48 percent of the forestlands in the region.  Approximately 8 
percent of the forestlands are available for Federal or Tribal timber management.  State timber 
management may occur on approximately 14 percent of the forestlands, and 31 percent of the 
forestlands are in private, county, or city ownership, where timber management may occur.  
Overall, lands covered by the forest practices rules represent approximately 45 percent of the 
forestlands in the region (see Figure 1, which displays these lands).  Existing HCPs cover the vast 
majority (89 percent) of the State-managed lands, but less than 1 percent of the combined private, 
county, and city ownerships.  WRIA 03 has the largest percentage of forest practices rules-
covered lands (94 percent of all forestlands, 23 percent of which are covered by existing HCPs) 
and WRIA 04 has the lowest (14 percent of all forestlands, 26 percent of which are covered by 
existing HCPs).  

Most of the private forestlands are located in the foothills west of the Cascade Range.  Some 
private forestlands exist in the river valleys; however, much of this land has been converted to 
other uses.  The lower foothills, especially in the southern and western parts of this region, are 
being converted to residential and other land uses. 

Small, 20-acre exempt forest landowners make up about 0.7 percent of the forestlands and about 
1.5 percent of the forestlands subject to forest practices rules in the North Puget Sound region, 
based on the analysis by Rogers (2003).  Although this analysis may represent an underestimate, 
it is believed to have identified the majority of all small, 20-acre exempt parcels (personal 
communication, Luke Rogers, Rural Technology Initiative, University of Washington, May 
2004).  The small landowner parcels are mainly found in the lower elevation lands, especially 
along the major rivers.  The highest percentage (about 2.5% of the forestland) is in the Lower 
Skagit/Samish (WRIA 03) and the lowest percentage (0.1%) is in the Upper Skagit (WRIA 04). 

Approximately 11,283 stream miles occur on lands subject to forest practices rules in the North 
Puget Sound region (Table 5).  This represents 39 percent of all streams in the region.  
Approximately 6,965 miles or 62 percent of the 11,283 stream miles on lands subject to forest 
practices rules are estimated to be fish-bearing stream miles (based on existing water typing and 
gradient analysis on sample areas).  The percentage of all streams on small, 20-acre exempt forest 
landowner parcels in this region is estimated to be about 0.9 percent and the percentage of all 
fish-bearing streams on small, 20-acre exempt forest landowner parcels is about 1.5 percent 
(Rogers 2003). 
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4.0 HABITAT LIMITING FACTORS 

Primary Regional Factors 

High mountains, geologically recent continental and alpine glaciation, and high precipitation have 
created wide river valleys and steep forested hillslopes.  River valleys were impacted by historic 
timber harvest and subsequent agricultural and urban development.  Many of the lower foothills 
have more recently been converted to residential and other land uses.  The higher foothills and the 
Cascade Mountains are still forested, and much of these areas are managed for timber.  Because 
of increasing restrictions on riparian timber harvest over the past three decades, managed 
timberlands provide considerably better salmonid habitat than most urban and agricultural lands.  
However, these riparian areas still require time to recover fully from historic harvest.  Mass 
wasting is probably the most significant impact associated with past forest practices. 

Sedimentation/Mass Wasting 

Steep slopes and, in many foothill areas, relatively unconsolidated glacial deposits and phyllite 
bedrock formations, make this region vulnerable to landslides (WDNR 1993a, WDNR 1997a, 
WDNR 1997b).  All watershed analyses in this region, except for the Woods Creek Watershed 
Analysis (WRIA 07) (WDNR 1993c), inventoried at least 100 landslides using historic aerial 
photos, and some inventoried more than 300.  These figures may not be representative of the 
region as a whole, because the data sources (watershed analyses) targeted watersheds with a 
history of problems.   However, other sources also point to a significant shallow rapid landslide 
(SRLS) problem.  In the Nooksack Basin, over 2,200 landslides have been identified, with 37 
percent associated with clearcuts and 32 percent associated with roads (WSCC 2002b).    In the 
Stillaguamish Basin, 1,100 landslides have been inventoried since the 1940s (WSCC 1999).  
Lands prone to SRLS are often managed for timber, because they are unsuited to most other uses.  
Landslides can occur naturally, but inappropriate forest practices greatly accelerate their 
frequency. 

The North Puget Sound region is also characterized by several active glacial deep-seated 
landslides (DSLS) (WDNR 1993b, WDNR 1994, WDNR 1998), and a larger number of smaller 
dormant DSLSs.  These are deep rotational bodies of unconsolidated and semi-consolidated 
glacial deposits.  The Deer Creek landslide in the Stillaguamish River impacted fish habitat for 50 
years (Edie 1990), and the Hazel landslide in the upper North Fork Stillaguamish is currently 
active and impacting habitat (WDNR 1998).  A stream or river typically undercuts the bases of 
these landslides, which destabilizes the landslide and causes it to gradually slip downhill. This, in 
turn, triggers bank collapses and SRLSs into the channel.  Rerouting of channel flow into the toe 
of a DSLS may occur naturally, or as a result of human alterations (e.g., Hazel landslide, see 
WDNR 1998a).   Besides the activated landslides, many dormant DSLSs exist that could be 
activated by disturbing the toe, or by improperly routing of water from road surfaces.  

Forest practices may trigger or exacerbate DSLSs by increasing ground water infiltration, and 
thus, increasing pore pressure along the slip zone.  However, geologists are still debating this 
effect, which is the subject of current research by the Cooperative Monitoring, Evaluation and 
Research group using Forests and Fish research funds. 

Fine sediment enters the channel from unpaved roads.  Unpaved roads are widespread on 
industrial forestlands, and to a lesser extent, in rural residential areas and recreational forestlands.  
Industrial forestlands throughout Washington State have extensive networks of unpaved roads.  
Proper management of unpaved forest roads to reduce surface erosion, while similar in all regions 
of the state, is somewhat easier in the North Puget Sound region because of the availability of 
competent (hard) rock for road surface material.  Glaciation tends to erode and pulverize softer 
rock; and hard rocks are available for surfacing in most watersheds of this region.  
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Riparian/Floodplain and Wetland Conditions 

Historic or old growth timber harvest removed most of the riparian trees from the stream 
channels.  In the North Puget Sound region, this harvest started in the 1870s and was substantially 
completed by the 1960s.  Subsequent agricultural and urban conversion permanently altered 
riparian vegetation in the river valleys, leaving either no trees, or a thin band of trees.  The 
riparian zone along many agricultural areas are now dominated by alder, invasive canary grass 
and blackberries, and provide substantially reduced shade and large woody debris (LWD) 
recruitment.  It is difficult or impossible for native conifers to re-establish in buffers with these 
vegetative characteristics.  The limiting factors reports (WSCC 1999, 2002a, 2002b, 2003) made 
frequent note of the deficiencies in riparian buffers on agricultural and urban lands.  A 
photometric study by Lunetta et al. (1997) suggests that functional riparian buffers in urban and 
agricultural areas are substantially lacking (See Habitat Trends below). 

For those riparian areas that remained in timber production, riparian stands harvested prior to 
1972 were often allowed to regenerate naturally, although riparian harvest since 1972 has 
benefited from mandatory conifer regeneration requirements.  Since the soils in many riparian 
areas are moist, hardwoods dominate many of them, at least initially (See Habitat Trends below). 

Diking, agriculture, revetments, railroads and roads in lower stream reaches have caused 
significant loss of secondary channels in major valley floodplains in this region.  Confined main 
channels create high-energy peak flow events that remove smaller substrates and LWD.  The loss 
of side-channels, oxbow lakes, and backwater habitats result in a significant loss to juvenile 
salmonid rearing and refuge habitat.  The lower South Fork Nooksack River has dikes along 60 
percent of its length (WSCC 2002b).  Sixty-two percent of the lower Skagit River and ‘much’ of 
the Samish River is modified by diking and riprap (WSCC 2003).  Diking and other floodplain 
impacts are not typically associated with commercial or small landowner forestry; however, some 
loss of floodplain functions has occurred in smaller mountain channels as a result of placing 
logging roads along stream channels. 

Freshwater wetlands have been extensively lost.  These wetlands provide rearing habitat, 
especially for coho.  Wetlands play an important role in modifying extremes in flow.  Loss of 
wetlands is described as extensive in the lower Nooksack Basin, but this loss has not been 
quantified (WSCC 2002b).  In the Stillaguamish Basin, wetland acreage declined from 
approximately 29,100 acres, historically, to 6,299 acres (WSCC 1999).  In the Snohomish Basin, 
74 percent of the floodplain wetlands have been lost (WSCC 2002a).  The large scale loss of 
wetlands that has occurred in the major valley floodplains of the North Puget Sound region is not 
typically associated with commercial or small landowner forestry; however, loss or alteration of 
smaller forested wetlands sometimes occurs by the placement of roads.  Small forested wetlands 
are filled with road sediment under some circumstances.  

Channel/Hydrology Conditions 

Two dams on the upper Skagit River and two dams on the Baker River are major hydropower 
storage facilities that modify the seasonal and daily discharge in the Skagit River, and have a 
substantial impact on the Skagit System (WSCC 2003).  A municipal water facility and a small 
hydropower project reduce total discharge on the Tolt River, a tributary to the Snoqualmie River.   
In addition, at least four run-of-the-river hydropower projects exist in the region; one on the 
Nooksack River and three on the Snoqualmie River). 

Except for run-of–the-river projects, these river facilities have been trapping substrate for 
decades, and the downstream reaches are gravel deficient.  Most of the dam sites also intercept 
LWD and do not pass it downstream.  These two actions can cause the downstream channel to 
incise and/or become simplified, thus impacting fish habitat.  Water withdrawal can reduce 
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available fish habitat and alter sediment transport.  Hydropower projects can also fluctuate flow, 
which strands and often kills fish and reduces aquatic invertebrate productivity (Hunter 1992).  
The Skagit and Baker Rivers’ hydropower projects continue to fluctuate flow daily 
(hydropeaking); although, this has been somewhat modified in recent decades. 

Peak stream flows have systematically increased over time due to paving (roads and parking 
areas), reduced percolation through surface soils on residential and agricultural lands, simplified 
and extended drainage networks, loss of wetlands, and rain-on-snow events in higher elevation 
clearcuts.  Groundwater withdrawal and increased peak flow may decrease surface flow during 
the dry season (WSCC 2003).  Loss of forest canopies can substantially increase peak flow events 
due to  ‘rain-on-snow’ runoffs.  Warm heavy rain can rapidly melt snow.  Snow accumulations, 
especially at high elevations, are substantially greater on unforested surfaces than on forested 
surfaces.  This is primarily a concern with clearcut timber harvest at high elevations (above 1,200 
ft.), and is specifically a concern in this region with the high mountains and heavy snow 
accumulations.  

Estuarine and Nearshore Habitat 

Estuaries are considered essential for the survival of juvenile salmonids that are in transition 
between freshwater and saltwater habitats.  This habitat typically consists of salt marshes and 
mudflats.  A number of recent studies have concluded that the loss of estuarine habitat in the 
Skagit River is the single most important limiting factor for salmonid production (WSCC 2003).  
The Stillaguamish River lost 85 percent of its tidal marshland between 1860 and 1968, mostly 
before 1886 (WSCC 1999).  The Skagit Basin has lost 72 percent of its inter-tidal habitat (WSCC 
2003), and the Snohomish Basin has lost 32 percent of its habitat (WSCC 2002a).  Intertidal 
habitat has been lost in the Nooksack basin; however, this loss is not quantifiable (WSCC 2002b). 

The nearshore marine habitat is the saltwater shoreline.  The substrate is typically mud, sand or 
gravel along the eastern side of Puget Sound. Vegetation may include eelgrass, kelp, and other 
marine macrophytes.  This habitat has been extensively altered near the Skagit River (WSCC 
2003).  Nearshore habitat in the North Puget Sound region has not been extensively discussed in 
Limiting Factors reports. 

Estuarine and nearshore habitat losses are not typically associated with commercial or small 
landowner forestry (WSCC 1999, WSCC 2002a, WSCC 2003). 

Large Woody Debris (LWD) 

The recruitment of LWD has been impacted by past riparian forest harvest, and the failure to re-
establish these riparian forests, following harvest on lands converted to other uses. 

The retention of in-channel LWD has been impacted by removal of LWD for navigational 
purposes, dikes and levee interference, debris torrents, and historic removal of wood as a 
misguided fisheries management tool.  The confinement of valley floor river channels by diking 
assures rapid downstream transportation of LWD during peak flows. 

The increased frequency of landslides and debris torrents, as a result of timber harvest, has 
probably increased LWD recruitment in steep hillslope channels.  However, landslide-recruited 
LWD is less likely to contribute to fish habitat.  Such recruitment is often transported by debris 
torrents and deposited in large logjams in relatively short sections at the foot of the hill (McGarry 
1994), or the wood gets flushed out into the main valley channels and delivered far downstream.   

Most of the watershed analyses conducted in the region have noted a difference in LWD 
recruitment potential between managed forestlands and non-forestland uses (i.e., residential, 
urban and agricultural; WDNR 1993a, WDNR 1994, WDNR 1997a, WDNR 1998a; also see 
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Lunetta et al. 1997, Fig 6).  In all cases, the potential future LWD recruitment was substantially 
better in managed forestlands.  This is a result of either narrower riparian tree buffers or the lack 
of a buffer on residential, urban and agricultural lands. 

Because of the long period of time it takes for riparian forests to regenerate and recruit LWD to 
the channel, most managed forestland stream channels (with gradients less than 6 percent) have 
reduced levels of LWD because of historic riparian timber harvest.  These riparian forests have 
generally regenerated as alder, a tree that typically lives only 80 years, and rots quickly when 
recruited to the stream channel (Harmon et al. 1986).  Thus, alder LWD is less functional than 
other hardwoods and conifer species; although recent research suggests that alder leaf-litter may 
be an important source of nitrogen for the aquatic food chain (e.g., Wipfli and Gregovich 2002).  
Marshall and Associates (2000) conducted a detailed photometric study of riparian buffers and 
found that 50 percent of the private forestland buffers in the North Puget Sound region were 
hardwood-dominated.  The remaining buffers were composed of both mixed hardwood and 
conifer, or conifer-dominated.  Mixed riparian buffers are considered to be on a successional 
pathway to conifer domination. 

In steeper stream channels of this region, LWD retention is the primary issue, rather than LWD 
recruitment.  Debris torrents have removed most of the LWD in the channels where they have 
recently occurred.  Debris-torrent-scoured channels have greatly diminished habitat value, and 
typically take years or decades to recover.  LWD has a particularly important role in controlling 
channel incision in channels crossing unconsolidated glacial deposits.  These channels may not 
have sufficient armoring (i.e., boulders large enough to resist mobilization at peak flows) to 
prevent incision without large LWD (see WDNR 1998b). 

Fish Passage 

Statewide, thousands of miles of fish channels have been rendered partially or completely 
inaccessible to fish, as a result of road culverts and other water crossing structures.  This removes 
potential fish habitat from fish production.  In the past decade, fish passage through forestry, 
agricultural and urban road culverts has been an area of renewed interest and directed funding.  
However, there is no meaningful statewide database documenting regional passage deficiencies 
or recovery trends.  

The upper Skagit River, above the Gorge Dam, was naturally inaccessible to anadromous fish, 
with the possible exception of steelhead.  As is the case with a number of dam sites, the proof or 
disproof of anadromous access is now buried under water and sediment.  The Baker River dams 
have upstream and downstream fish passage structures.  In recent years, these structures have 
functioned well enough to contribute to the recovery of Baker River Sockeye salmon (personal 
communication, Gary Sprague, WDFW, 2003).   

Water Quality Issues 

Physical:  Loss of riparian trees will increase water temperature where the open channel is less 
than 100 feet wide (Sullivan et al 1990).  Extensive loss of vegetative cover may contribute to 
increased groundwater temperatures, which may impact thermal refuges in the larger channels 
(personal communication, Patricia Olsen, The Pacific Watershed Institute, Seattle, WA, 2003).  
Channelization, water withdrawals, loss of wetlands, and altered land cover have resulted in 
inadequate stream flows in some drainages. 

Most of the watershed analyses conducted in the region made note of the disparity between shade 
in managed forestlands, and non-forest land uses (i.e., residential, urban and agricultural), with 
conditions being substantially better in managed forestlands (WDNR 1998a, WDNR 1994, 
WDNR 1993, WDNR 1997).  Similarly, limiting factors analysis reports note poor water quality 
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(high temperature, fine sediment) in the floodplain channels where agriculture and 
urban/residential development have prevailed (Haring 2002, Smith 2002, Smith 2003, WSCC 
1999).  Riparian condition in managed forestlands was mixed, with some areas still impacted by 
historic harvest of riparian areas.  WSCC (1999) states, “Riparian zones associated with 
agriculture and rural residential land use are the most severely degraded.”  Past riparian timber 
harvest has removed shade and impacted water temperature; however, recovery is rapid in small 
stream channels, because smaller trees can provide adequate shade.  Temperature impacts from 
riparian harvest along wider channels (i.e., greater than30 ft.) are less significant, because, even 
under natural conditions, the channel is only partially shaded by riparian trees and water 
temperatures are naturally higher.  However, tall trees do affect water temperature on larger 
channels, thus temperature recovery from riparian timber harvest takes longer. 

In the North Puget Sound region, 52 percent of the riparian buffers on private timberlands 
regenerated from historic timber harvest as hardwood-dominated stands (i.e., >70 percent 
hardwoods; Marshall and Assoc. 2000), with most of this being alder.  Because alder has a short 
life span (80 years) and limited height potential (50 to 90 feet depending on soil and climate), 
they are less effective in shading wider channels.  Severe debris torrents can remove enough 
riparian trees to impact shade and water temperature.  This was noted in at least two watershed 
analyses (WDNR 1997, WDNR 1997b; see also Beschta and Taylor 1988, Coho and Burges 
1994). 

In WRIA 01, Whatcom Creek has high temperatures and portions of the Nooksack River are 
impaired due to high temperatures, low instream flow and excessive fine sediment.  A few 
tributaries of the Lower Skagit River in WRIA 03 are impaired due to high temperatures.  In 
WRIA 05, portions of the Stillaguamish River are impaired due to high temperatures (as are a few 
of its tributaries) and low dissolved oxygen. The Snohomish, Snoqualmie and Pilchuck rivers in 
WRIA 07 are also impaired due to high temperatures. 

Chemical:  Elevated levels of nutrients have been documented in the lower main-stem Skagit 
River, presumably from urban and highway runoff, wastewater treatment, failing septic systems, 
agriculture or livestock impacts (Smith 2003).  Loss of riparian habitat, sedimentation, hydrologic 
alterations (wetland losses), inputs from agriculture, and failing septic systems have resulted in 
water quality problems such as warm water temperatures, increased nitrogen and phosphorus, and 
higher levels of turbidity.   

Chemical use in forestlands is substantially limited to herbicide applications to suppress alder, 
maple, and brush competition during early phases of conifer forest regeneration.  No local factors 
exist to suggest that impacts from herbicides would be different from other regions in Washington 
State. 

The State list of impaired waters, in compliance with Section 303(d) of the Clean Water Act, lists 
waters that do not meet water quality standards or fully protect beneficial uses (see 
http://www.ecy.wa.gov/programs/wq/303d/index.html).  Impairments to parameters in this 
region, such as temperature, turbidity, and dissolved oxygen, may be related to past forest 
practices or other land uses.     

5.0 HABITAT TRENDS 

Potentially unstable landforms are now routinely identified and mapped.  However long-term 
trends of landslide activity is difficult to systematically measure.  Part of the problem is that 
practices that cause instability, and the storm events that trigger landslides as a result of instability 
are often separated by years or decades.  At this point, no reliable data exist on the long-term 
trend of landslide events.   
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Direct measure of in-channel fine sediment is costly and impractical because very large sample 
sizes are necessary to achieve statistical significance.  Because of this, the watershed analysis 
methodology (WFPB 1997) and the more recent Road Maintenance and Abandonment Plans 
(RMAP) focus on measuring fine sediment before it enters the channel.  This method measures 
surface erosion for the tread surface, cut slope, and fill slope, based on road use, soil type, 
vegetative cover, gradient, water routing and other factors.  No recent independent assessments of 
forest road maintenance have been made in Washington State or the North Puget Sound region.  

Forestry tends to be one of the primary landuses, which is more vulnerable to landslides, surface 
erosion and fine sediment issues.  Limiting factors pertaining to riparian functions can also be 
associated with forest practices.  Within the North Puget Sound region, forestlands make up 
approximately 78 percent (See Table 3).  Approximately 53 percent of the forestland is actively 
managed for timber.  Forest Practices HCP-covered lands make up 45 percent of all forested 
lands within the region (See Table 4). 

Habitat trends in LWD and shade can be determined, given the following three assumptions:  
1) riparian stand conditions can adequately represent recovery of current and future LWD and 
shade; 2) riparian stand conditions can be determined by contemporary aerial photographs; and 3) 
most riparian buffers on non-Federal lands were historically harvested; thus, the current riparian 
condition represents the state of recovery from that harvest.  On a large scale, meaningful trends 
can be determined based on two photometric studies. 

A dataset used by Lunetta et al. (1997) was made available from Brian Cosentino (personal 
communication, Brian Cosentino, WDFW, 2000)  which allowed isolation of data from the North 
Puget Sound WRIAs (Table 6).  ‘Response reaches’ were generally defined by Lunetta et. al. as 
the lower gradient (< 4 percent) habitat where most of the anadromous fish production occurs.  
Table 6 shows that 12 percent1 of the response reach riparian buffers (RRRB) were classified as 
late seral stage.  Thirty-five percent of the RRRBs were unforested, primarily as a result of urban 
and agricultural development.  Another third of the data (35 percent) was classified as ‘other 
forestlands,’ which was defined to be “hardwood dominated, brush, or recent clearcuts.”   

In a separate photometric survey, Marshall and Associates (2000) looked at riparian buffers on 
private forestlands only, and determined that 52 percent2 of the riparian buffers in the North Puget 
Sound region were hardwood-dominated (>70 percent hardwoods).  These two photometric 
assessments suggest that a substantial portion of the ‘other forestland’ riparian zone in Table 6 is 
hardwood-dominated.   

The above data are consistent with the watershed analysis reports.  All but two watershed 
analyses made note that a significant portion of the riparian zones that had poor shade coverage 
and poor LWD recruitment potential, had been converted to agricultural and residential uses.  The 
exceptions are: 1) the Tolt River (WRIA 07), which is located in a municipal watershed, thus 
protected from development, and 2) the Griffin-Tokul watershed, which was mostly owned by 
one timber landowner.  The lowest reaches of the Griffin-Tokul were open wetlands, thus, 
naturally deficient in shade and LWD recruitment potential. 

 

                                                           
1 ‘Late Seral’ Stands should not be confused with ‘Old Growth Stands.’  ‘Late Seral’ as defined by Lunetta 
et al (1997) means the conifer crown cover is >70% and more than 10% of the crown cover in trees are 
greater than 21 inches diameter breast height (dbh).  Thus, ‘Late Seral’ can include some mature second 
growth conifer stands. 
2 This study used regional definitions that overlap the regional definitions used herein.  Marshall and 
Assoc. found relatively little variation in hardwood stand percentages on private lands throughout western 
Washington. 
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Table 6.  Percent of response reach riparian buffers by WRIA for the North Puget 
Sound Region.  [(personal communication, Brian Cosentino, WDFW, 2000) See Lunetta 
et al. (1997) for further description of data.]  
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WRIA or Basin Name 
Nooksack 5.9% 2.6% 2.7% 34.4% 1.2% 53.1%
Lower Skagit-Samish 0.2% 1.4% 2.5% 26.3% 5.6% 64.0%
Upper Skagit 33.7% 18.1% 1.3% 29.4% 5.7% 11.7%
Stillaguamish 12.2% 13.6% 3.6% 45.8% 0.5% 24.2%
Snohomish 9.8% 18.9% 7.5% 36.0% 1.3% 26.5%
       
Total Response Reach Riparian Acres 16,808 17,323 6,118 49,586 3,465 49,494
Region Total 11.8% 12.1% 4.3% 34.7% 2.4% 34.7%
 
In summary, although managed forestland buffers are still recovering from historic harvest, 
increased restrictions on riparian timber harvest over the past 30 years places them on a much 
faster track to LWD and shade recovery than it would be for most urban and agricultural land 
uses. 

6.0 FISH RESOURCES  

Salmonid Stocks 

Table 7 lists the salmonids that occur in the North Puget Sound region.  The asterisk next to the 
species name indicates the fish is introduced, and not native to Washington State.  This list should 
not be regarded as an exhaustive list of the species present. 
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Table 7.  Salmonid species present by WRIA within the North Puget Sound Region 
(WDFW 2003). 
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Arctic Char*    X     
Resident Cutthroat Trout  FC X X X X X 
Sea run Cutthroat Trout  FC X X X  X 
Pink Salmon    X X X  
Chum Salmon   X X X X X 
Coho Salmon  FCo X X X X X 
Rainbow Trout   X X X X X 
Summer Steelhead   X X X X X 
Winter Steelhead   X X X X X 
Sockeye Salmon   X X X X X 
Kokanee Salmon   X X  X X 
Fall Chinook Salmon  FT X X X X X 
Spring Chinook Salmon  FT X X X   
Summer Chinook Salmon  FT  X X X X 
Dolly Varden/ Bull Trout SC FT X X X X X 
Eastern Brook Trout*   X  X  X 
Brown Trout*     X X  
Lake Trout*   X     
Mountain Whitefish    X X X  
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State 
Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more 
details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 

 

Other Fish Species 

Table 8 is a list of non-salmonid freshwater species that exist in the North Puget Sound region 
(WDFW 2003, Wydoski and Whitney 2003).  The asterisk next to the species name indicates that 
the fish is not native to Washington State.  This list should not be regarded as an exhaustive list of 
the species present. 
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Table 8. Non-salmonid freshwater fish species by WRIA within the North Puget 
Sound Region (WDFW 2003, Wydoski and Whitney 2003). 
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Dace Longnose   X X  X X 
Lamprey Pacific  FCo X X  X X 
Lamprey River SC FCo  X  X X 
Lamprey Western Brook       X 
Peamouth      X X 
Redside Shiner       X 
Sculpin Coastrange   X X X X X 
Sculpin Prickly   X X X X X 
Sculpin Shorthead       X 
Sculpin Torrent      X X 
Sucker Largescale      X X X 
Sucker Salish  SM  X X X X X 
Three-Spine Stickleback      X X 
Sunfish spp*   X    X 
Pumpkinseed*       X 
Crappie spp*   X   X X 
Black Crappie*       X 
Largemouth Bass*       X 
Yellow Perch*       X 
Eulachon SC  X X  X X 
Longfin Smelt    X    
Pacific Sand Lance      X  
Pacific Herring      X  
Surf Smelt      X  

*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive 
(SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these 
definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 
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Status of Salmonid Stocks 

The State and Tribal Stock status of 72 stocks in the North Puget Sound region is shown by river 
basin in Table 9.  For State and Tribal Stock Status, Healthy refers to a stock of fish experiencing 
production levels consistent with its available habitat and within the natural variations in survival 
for the stock; Depressed refers to a stock of fish whose production is below expected levels based 
on available habitat and natural variations in survival rates, but above the level where permanent 
damage to the stock is likely; Critical refers to a stock of fish experiencing production levels that 
are so low that permanent damage to the stock is likely or has already occurred; and Unknown 
refers to a stock of fish which has insufficient information to rate stock status. 
 
Table 9.  Puget Sound salmon and steelhead stock list presented by river basin (2002 
SASI Report, 1998 Bull Trout Status Report). 

River Basin/WRIA Species Stock Status 
Nooksack/Samish (WRIAs 01,03) 
NF Nooksack  Chinook Critical 
SF Nooksack Chinook Critical 
Samish/MS Nooksack Fall Chinook Unknown 
NF Nooksack Chum Healthy 
Mainstem/SF Nooksack Chum Unknown 
Samish/Independent Chum Healthy 
Nooksack Coho Unknown 
Samish Coho Healthy 
N Puget Sound Tribs Coho Unknown 
NF/Middle Fork Nooksack Pink Healthy 
SF Nooksack Pink Unknown 
SF Nooksack Steelhead - Summer Unknown 
Dakota Cr. Steelhead - Winter Unknown 
Mainstem/NF Nooksack Steelhead - Winter Unknown 
SF Nooksack Steelhead - Winter Unknown 
Middle Fork Nooksack Steelhead - Winter Unknown 
Samish Steelhead - Winter Healthy 
Lower Nooksack Bull Trout/Dolly Varden Unknown 
Canyon Creek Bull Trout/Dolly Varden Unknown 
Upper MF Nooksack Bull Trout/Dolly Varden Unknown 
Skagit (WRIAs 03,04) 
Upper Skagit Mainstem/Tribs Summer Chinook Depressed 
Lower Skagit Mainstem/Tribs Fall Chinook Depressed 
Lower Sauk Summer Chinook Depressed 
Upper Sauk Spring Chinook Depressed 
Suiattle Spring Chinook Healthy 
Upper Cascade Spring Chinook Depressed 
Mainstem Skagit Chum-Fall Healthy 
Sauk Chum-Fall Healthy 
Lower Skagit Tribs Chum-Fall Unknown 
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Table 9.  Puget Sound salmon and steelhead stock list presented by river basin (2002 
SASI Report, 1998 Bull Trout Status Report) (continued). 

River Basin/WRIA Species Stock Status 
Skagit Coho Healthy 
Baker Coho Healthy 
Skagit Pink Healthy 
Baker Sockeye Healthy  
Finney Cr. Steelhead-Summer Unknown 
Sauk Steelhead-Summer Unknown 
Cascade Steelhead-Summer Unknown 
Mainstem Skagit/Tribs Steelhead-Winter Depressed 
Sauk Steelhead-Winter Unknown 
Cascade Steelhead-Winter Unknown 
Lower Skagit Bull Trout/Dolly Varden Healthy 
Upper Skagit Bull Trout/Dolly Varden Unknown 
Baker Lake Bull Trout/Dolly Varden Unknown 

Stillaguamish (WRIA 05) 
Stillaguamish Summer Chinook Depressed 
Stillaguamish Fall Chinook Depressed 
NF Stillaguamish Chum-Fall Healthy 
SF Stillaguamish  Chum-Fall Healthy 
Stillaguamish Coho Healthy 
Deer Cr. Coho Unknown 
NF Stillaguamish Pink Healthy 
SF Stillaguamish Pink Healthy 
Deer Cr. Steelhead-Summer Depressed 
SF Stillaguamish Steelhead-Summer Unknown 
Canyon Cr. Steelhead-Summer Unknown 
Stillaguamish  Steelhead-Winter Depressed 

Snohomish (WRIA 07) 
Skykomish  Chinook Depressed 
Snoqualmie Chinook Depressed 
Skykomish Chum-Fall Healthy 
Snoqualmie Chum-Fall Unknown 
Wallace Chum-Fall Healthy 
Snohomish Coho Healthy 
Skykomish Coho Healthy 
SF Skykomish Coho Healthy 
Snoqualmie Coho Healthy 
Snohomish Odd-Year Pink Healthy 
Snohomish Even-Year Pink Healthy 
Tolt Steelhead-Summer Healthy 
NF Skykomish Steelhead-Summer Unknown 
SF Skykomish Steelhead-Summer Healthy 
Snohomish/Skykomish Steelhead-Winter Depressed 
Pilchuck Steelhead-Winter Depressed 
Snoqualimie Steelhead-Winter Depressed 
Skykomish Bull Trout/Dolly Varden Healthy 
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7.0 AMPHIBIANS   

The North Puget Sound region harbors 15 amphibian species, including two established 
introduced species, the bullfrog and the green frog (Dvornich et al. 1997; McAllister 1995).  Of 
these 15, the largest assemblage (including the two introduced species) consists of 11 taxa that 
reproduce in stillwater habitats including lakes, oxbows, ponds, and other freshwater wetlands 
with sufficient stillwater habitat.  Except for high elevation lakes, most stillwater wetland habitat 
occurs at low elevations.  Since a large proportion of this wetland habitat has been lost (see 
Floodplain and Wetland Conditions section), significant impact to stillwater amphibians is 
presumed.  Lowland stillwater habitats are also the habitat in which introduced warmwater 
species (bullfrogs, green frogs, and selected fish [catfish, mosquitofish, sunfish]), and interactive 
facilitation among some introduced species, particularly bullfrogs and warmwater fish, may 
promote their survival (Adams et al. 2003) and contribute to their potential negative effects on 
native amphibians (Adams 1999).  Of the remaining four native amphibian species, two species 
(ensatina and western red-backed salamander) reproduce in terrestrial habitats, and the last two 
species (coastal tailed frog and coastal giant salamander) reproduce in streams. 

Of the entire amphibian assemblage for the region, only the coastal tailed frog (Ascaphus truei) 
would be a Forest Practices HCP-covered species (Table 10).  Except at the absolute highest 
elevations, the coastal tailed frog appears to be relatively widespread in small to medium-sized 
streams in the region (Brown 1975, 1999).  Although locally well studied in this region (Brown 
1975, 1989, 1990), no systematic surveys have been performed to precisely determine its 
occupancy over even portions of the region.  Currently, insufficient data exist even to perform a 
status survey for coastal tailed frog because of lack of a baseline. 

Regardless of the incomplete knowledge of its regional distribution, the coastal tailed frog may be 
at some level of risk because sedimentation has the potential to substantially reduce its instream 
habitat (Bury 1983, Bury and Corn 1988, Corn and Bury 1989).  Timber harvest, which can result 
in significant sedimentation (Beschta 1978, Jakob 1999), occurs over a significant portion of the 
North Puget Sound region landscape (see Primary Regional Factors section). Nevertheless, the 
precise nature of the risk in this region is currently unknown. 

Although not covered under the Forest Practices HCP, seven other amphibians (namely 
northwestern salamander [Ambystoma gracile], long-toed salamander [Ambystoma 
macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla regilla], northern red-legged 
frog [Rana aurora], Cascades frog [Rana cascadae] and rough-skinned newt [Taricha 
granulosa]) may receive some protection as a result of Forests and Fish patch buffer 
prescriptions.  Two of these species, western toad and Cascades frog, have State watch list 
(special concern) status (WDFW 2001).  Both species have declined elsewhere in their 
geographic ranges (Carey 1993, Fellers and Drost 1993), but their status in the North Puget 
Sound region is unknown.  Development and hydrological alteration may have resulted in habitat 
loss for western toads at low elevations. 

Table 10.  Amphibians of the North Puget Sound Region 
 

Habitat 
Active Season 

Group Name Breeding 
Non-

Breeding 
Over-

wintering Regional Distribution 

Frogs 
Coastal tailed frog  
Ascaphus truei 

Streams Streams Terrestrial Widespread 
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SOUTH PUGET SOUND 
REGIONAL SUMMARY 

 

1.0 PHYSICAL DESCRIPTION 

The South Puget Sound region is defined to include six WRIAs (08, 09, 10, 11, 12, and 13).  
Major stream systems include Lake Washington, Cedar River, Sammamish River, Green River, 
Duwamish River, Soos Creek, Puyallup River, White River, Carbon River, Nisqually River, 
Deschutes River and South Sound independent tributaries.  Portions of Snohomish, King, Pierce, 
Thurston, and Lewis Counties are contained within the South Puget Sound region.  A map of the 
South Puget Sound region is provided in Figure 1. 

The South Puget Sound region extends from the Puget Lowland physiographic province in the 
west to the Southern Cascades physiographic province in the east (Lasmanis 1991).  Elevations 
range from sea level to over 14,000 feet atop Mount Rainier.   

General Geology 

The western portion of the South Puget Sound region is characterized by wide valleys and 
foothills, and high mountains along the eastern margin.  In the eastern part, geologically recent 
continental glaciation has left deep deposits of mineral sediment ranging from silt to rounded 
gravel, cobbles and boulders through the western part of this region.   This region is at or near the 
southern end of several continental ice sheets, and thus has considerable deposition of glacial 
material, as well as a variety of features including outwash deposition, glacial lakes and hardpan 
layers that create perched aquifers. The surface material in many of these foothills is composed of 
this poorly consolidated sediment, and the river valley substrate represents the alluvial sorting of 
this material.   

Along the eastern margin are the Cascade Mountains.  These mountains are the product of 
uplifting and fracturing over millions of years.  Oligocene sedimentary and volcanoclastic rocks 
appear to be the most prevalent.  Geologically recent alpine glaciation has cut deeply into these 
mountains creating steep hill slopes and has greatly increased the risk of mass wasting.  High 
precipitation contributes to active erosion in these mountains.  With the exception of Mt Rainer, 
the Cascade peaks are less than 1,800 meters (approximately 6000 feet) in elevation in this 
region.  Mt. Rainer is a massive and active volcano, although the last eruption was several 
hundred years ago.  At 4,392 meters (14,410 feet), it is the highest point in Washington State.  
Glaciers are currently present on all faces of the mountain, providing a source of cold water and 
glacial flour (very fine mineral sediment that gives the water a whitish or light brownish color) to 
the headwaters of the Puyallup, Nisqually, White, and Carbon rivers.  Eruptions have deposited 
deep layers of ash and pumice on the nearby Cascade Mountains and foothills.  Large mudflows 
triggered by the rapid melting of the glaciers have transported this volcanic sediment down the 
flanking rivers to Puget Sound and as far north as the southern end of Lake Washington.  These 
mudflow deposits have created very wide flat valleys in the lower Puyallup, Nisqually and 
Duwamish Basins. 

Information concerning erosion processes in the South Puget planning region has been extracted 
from the following watershed analyses:  Lester (WRIA 09) (Plum Creek Timber Company 1994); 
Upper Green (WRIA 09) and Sunday Creek (WRIA 09) (Plum Creek Timber Company 2002).  
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Mass wasting is the dominant erosion process in the South Puget region.  Results of watershed 
analyses indicate debris avalanches, debris flows, and debris torrents are the most common 
landslide types.  In the Lester WAU, debris avalanches, debris flows, and debris torrents 
comprised 72 percent of all landslides inventoried.  Most debris avalanches originate from inner 
gorges, the toes of large deep-seated landslides, and steep, planar hillslopes dissected by stream 
channels.  In the Sunday Creek WAU, inner gorges and deep-seated landslide toes were the 
source of 33 percent of all debris avalanches. 

Hillslope surface erosion is generally limited to exposed soils such as landslide scars and eroding 
streambanks and was not found to be a significant sediment source.  Surface erosion from roads, 
however, was identified as the major source of fine sediment in several sub-basins of both the 
Lester and Sunday Creek WAUs. 

General Hydrology 

The region has a marine climate characterized by mild, wet winters and warm, dry summers.  
Average annual precipitation ranges from 35 inches for some areas along Puget Sound to over 
100 inches on the western slopes of the Southern Cascades.  Most of the precipitation falls as rain 
at lower elevations while snow is the dominant form of precipitation above 4,000 feet.  The 
region receives more than 75 percent of its annual precipitation from October through March. 

Several major rivers flow west from the Southern Cascades into Puget Sound including the 
Cedar, Green, Puyallup, Nisqually, and Deschutes.  The hydrologic regime of these rivers is 
characterized by rain or rain-on-snow generated peak flows that occur during the fall and winter 
and low flows that occur during late summer and early fall.  Spring snowmelt may also produce 
significant peak flows in glacially influenced systems such as the Puyallup, White, and Carbon 
rivers.  Based on the DNR stream hydrography GIS coverage, there are approximately 13,832 
stream-miles (both fish-bearing and non-fish streams) in the South Puget Sound region, with an 
average stream density of 4.06 stream miles/mile2 (Table 1). 

 
Table 1.  Stream Miles in the South Puget Sound Region by WRIA

1/
 

 

WRIA 08 
Cedar-

Sammamish 

WRIA 09 
Duwamish-

Green 

WRIA 10 
Puyallup-

White 
WRIA 11 
Nisqually 

WRIA 12 
Chambers-

Clover 
WRIA 13 
Deschutes 

Total 
South 
Puget 
Sound 

Stream Length 
(miles)       1,920        2,244       4,347       3,884         213        1,223 13,832 

        
Stream Density 
(miles/mi2)        3.05         4.15        4.19        5.08        1.30         4.60 4.06 

        
1/  Primary Data Source: DNR stream hydrography GIS layer.  Stream miles include all mapped Type 1-9 streams.  
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2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 22 percent of all lands in the South Puget Sound region are in Federal ownership 
and a portion of these lands (about 9 percent of all lands) are being managed for long-term 
preservation, primarily in national parks, wildernesses, and national recreation areas (Table 2). 
Another large portion of these Federal lands is being managed by the Forest Service outside of 
wilderness (9 percent of all lands); a substantial portion of these non-wilderness National Forest 
System lands is being managed under a very limited management status (e.g., LSRs, Managed 
LSAs, AMAs, or Riparian Reserves) according to the Northwest Forest Plan.  The remainder of 
the Federal lands (4 percent of all lands) are being managed by other agencies.  Tribal lands 
represent about 1 percent of the region.  State lands represent 8 percent of all lands in the region, 
private lands represent 64 percent, and city/county lands represent slightly less than 1 percent. 

The vast majority of the Federal lands managed for long-term preservation and other National 
Forest System lands are in the upper parts of the Puyallup-White and Nisqually (WRIAs 10 and 
11, respectively).  Private lands make up the largest percentage of the Deschutes (WRIA 13) at 90 
percent and the lowest percentage of the Puyallup-White and Nisqually (WRIAs 10 and 11, at 53 
and 54 percent, respectively.)  

Land Cover and Land Use 

Forestland makes up approximately 70 percent of the South Puget Sound region (Table 3).  
Residential and commercial lands represent the next largest cover type, making up approximately 
17 percent of the region. Agricultural lands make up about 5 percent, water and wetlands make up 
about 3 percent, and other types comprise the remaining 5 percent. The percent forestland within 
each WRIA ranges from a low of about 35 percent in the Chambers-Clover (WRIA 12) to a high 
of 86 percent in the Nisqually (WRIA 11). 
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Appendix A  

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 26 percent of the forestlands in the South Puget Sound region are in Federal 
ownership, 10 percent are in State ownership, less than 1 percent are in Tribal ownership, and 63  
percent are in private or other ownership (Table 4).  A Federal or State preservation or limited 
management status covers approximately 19 percent of the forestlands in the region.  
Approximately 8 percent of the forestlands are available for Federal or Tribal timber 
management.  State timber management may occur on approximately 10 percent of the 
forestlands, and 63 percent of the forestlands are in private, county, or city ownership, where 
timber management may occur. Overall, lands covered by the forest practices rules represent 
approximately 73 percent of the forestlands in the region (see Figure 1, which displays these 
lands).  Existing HCPs cover the majority (69 percent) of the State-managed lands, and 16 
percent of the combined private, county, and city ownerships.  WRIA 08 (Cedar-Sammamish) has 
the largest percentage of forest practices rules-covered lands (98 percent of all forestlands, 46 
percent of which are covered by existing HCPs) and WRIA 10 (Puyallup-White) has the lowest 
(55 percent of all forestlands, only 1 percent of which are  covered by existing HCPs). 

Most of the private forestlands are located in the lowlands, outside of and on the edge of 
developed areas.  Because of this and because of the rapid population growth that is occurring in 
this region, many of these lands have been or will be converted to other uses.  

Small, 20-acre exempt forest landowners make up about 0.6 percent of the forestlands and about 
0.8 percent of the forestlands subject to forest practices rules in the South Puget Sound region, 
based on the analysis by Rogers (2003).  Although this analysis may represent an underestimate, 
it is believed to have identified the majority of all small, 20-acre exempt parcels (personal 
communication, Luke Rogers, Rural Technology Initiative, University of Washington, May 
2004).  The small landowner parcels are mainly found in the lower elevation lands, especially 
along the major rivers.  The largest concentrations, ranging from 1.0 to 1.6 percent of the 
forestland, respectively, are in the Nisqually (WRIA 11) and the Chambers-Clover WRIAs 
(WRIA12); all remaining WRIAs have percentages ranging from 0.6 to 0.8 percent of forestland. 

Approximately 8,535 stream miles occur on lands subject to forest practices rules in the North 
Puget Sound region (Table 5).  This represents 62 percent of all streams in the region.  
Approximately 4,870 miles or 57 percent of the 8,535 stream miles on lands subject to forest 
practices rules are estimated to be fish-bearing stream miles (based on existing water typing and 
gradient analysis on sample areas).  The percentage of all streams on small, 20-acre exempt forest 
landowner parcels in this region is estimated to be less than 1 percent and the percentage of all 
fish-bearing streams on small, 20-acre exempt forest landowner parcels is about 1.2 percent 
(Rogers 2003). 
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4.0 HABITAT LIMITING FACTORS  

Primary Regional Factors 

This region is one of the most developed and populated regions of the State, and managed 
forestlands are fragmented and sparse in the floodplains and lower foothills.  Urban development 
has significantly impacted nearshore areas, estuaries, freshwater wetlands and floodplains.  Some 
of the remaining managed forestlands in the Cascade Range and higher foothills are vulnerable to 
landslides. 

Sedimentation/Mass Wasting 

Steep slopes created by geologically recent alpine glaciation, moderately weathered rock and 
heavy precipitation make the Cascade Range within the region moderately vulnerable to 
landslides and debris torrents.  All watershed analyses records in the Cascade Range of this 
region (WDNR 1996a, 1996b, 1998b, 2002) exceeded 90 inventoried landslides per Watershed 
Administrative Unit (WAU).  Forest practices and historic fires have contributed or triggered 
most of these landslides.  Lands prone to Shallow Rapid Landslides (SRLS) are often managed 
for forestry, because they are unsuitable for most other uses.  It should also be noted that the 
watershed analysis process targeted watersheds with a history of problems, especially mass-
wasting.  Thus, this selection of WAUs may be biased with regard to regional landslide 
frequency.  Outside the Cascade Range, landslides are less frequent, but may occur along high 
terraces and outside bends of rivers. 

Weathered Oligocene volcanoclastic rocks contribute to the sensitivity in upper Green River 
Basin and Nisqually Basin (WDNR 1998a, WDNR 1998b, WDNR 2002).  In the upper White 
River Basin (WRIA 10), 625 landslides were inventoried in two WAUs (Clearwater and Middle 
White; WDNR 1996a).  The geology here is a mix of intrusive and volcanic rock.  In the Mashel 
Watershed Analysis in WRIA 11 (Nisqually Basin, WDNR 1996b), 362 landslides were 
inventoried, these being mostly debris torrents and SRLSs.  The Mashel WAU is composed of 
weathered sedimentary rocks and more recent intrusive, volcanic, glacial and alluvial material.  
Forest practices and historic fires have contributed or triggered most of these landslides (WDNR 
1996a, WDNR 1996b, WDNR 1998a, WDNR 1998b, WDNR 2002).   

Numerous earth flows and deep-seated landslides of various sizes are reported in the upper Green 
River Basin (WDNR 1998a, WDNR 2002) and upper Nisqually Basin  (WDNR 1998b).  In both 
cases, the geology was described as weathered Oligocene volcanoclastic rocks.  Earth flows are 
deep-seated landslides (DSLS) composed of fine sediment and are partially rotational and 
partially elastic.  Like other DSLSs, the toe of the slide is undercut by a stream, causing the 
formation to slip slowly down.  This can cause the banks to collapse, and trigger SRLSs.  In 
addition to the upper Green River earth flows, several river-adjacent DSLSs exist in the middle 
Green River.  These are a major source of sand for the mid- and lower Green River.  A series of 
earthflows were identified along the lower Mashel River as well.   

Fine sediment also enters the channel from unpaved roads.  Unpaved roads are widespread on 
industrial forestlands, and, to a lesser extent, in rural residential areas and recreational forestlands.  
Commercial forestlands throughout Washington State have extensive networks of unpaved roads, 
and the South Puget Sound region is no exception. 

Riparian/Floodplain and Wetland Conditions  

Past old growth timber harvest removed most of the riparian trees from the stream channels.  In 
this region, this practice started in the 1860s and was substantially completed by the 1950s.  
Subsequent agricultural and urban conversion permanently altered riparian vegetation in the river 
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valleys, leaving either no trees, or a thin band of trees.  The riparian zone along many agricultural 
areas are now dominated by alder, invasive canary grass and blackberry, and provide 
substantially reduced shade and LWD recruitment.  It is difficult for native conifer to re-establish 
in buffers with these vegetative characteristics.  Widespread urbanization has permanently 
impacted riparian buffers throughout the lowlands in this region.  The limiting factors reports for 
this region (WSCC 1999a, 1999b, 1999c, 2000, 2001) made frequent note of the deficiencies in 
riparian buffers on agricultural and urban lands. A photometric study by Lunetta et al. (1997) 
suggests that functional riparian buffers in urban and agricultural areas are substantially lacking 
(See habitat trends below). 

Most riparian stands, harvested prior to 1972 but remaining in timber production, regenerated 
naturally.  Since the soils in many riparian areas are moist, hardwoods dominate many of them 
(See habitat trends discussion below).  Since 1972 on state and private lands, riparian buffers 
have benefited from mandatory conifer regeneration requirements, although it is not clear that the 
establishment of conifer was consistently successful. 

Diking, widespread floodplain development and channel revetments have caused significant loss 
of secondary channels and wetlands in the lower Green, lower Cedar and lower Puyallup 
floodplains (WSCC 1999b, 2000, 2001).  Confined channels create high-energy peak flow events, 
resulting in coarser substrates and a reduction in LWD.  The loss of side-channels, oxbow lakes 
and wetlands represents a significant loss of juvenile salmonid rearing and refuge habitat (WSCC 
2000).  When the water level of Lake Washington was dropped 9 feet in the 1910s, thousands of 
acres of wetlands along the shoreline of Lake Washington, Lake Sammamish and the Sammamish 
River corridor were drained and converted to agricultural and urban uses (WSCC 2001). 

Although wetland and floodplain habitat losses are extensive in this region, little of this land is 
currently managed for forestry.  Small stream-adjacent wetlands in forested drainages can be 
impacted by inappropriate placement of roads and filled by road sediment.  The scale of this loss 
is small compared to the loss from urban and agricultural lands in this region.  

Channel/Hydrology Conditions 

The Cascade headwaters of the Cedar and Green Rivers are both managed as municipal water 
supplies and are dammed to provide storage to meet summer water demands for urban areas.  The 
Mud Mountain Dam on the White River diverts flow to Trap Lake, a recreational and residential 
development.  Discharge from Trapp Lake is used to generate power.  The Electron Dam is a run-
of-the-river project that reduces flow in the upper Puyallup River for approximately 8 miles.  The 
upper Nisqually River has two large dams, the Alder and LaGrande.  The Alder Dam is the 
largest in this region.  In addition, the Yelm Hydropower Project on the lower Nisqually River 
reduces flow in a 10-mile stretch of the river. 

Except for the two run-of-the-river projects, these dams have been trapping substrate for decades, 
and the downstream reaches are gravel deficient.  Most of the dam sites also intercept LWD and 
do not pass it downstream.  These two actions tend to promote downstream channel incision 
and/or simplification, limiting fish habitat.  Water withdrawals reduce available fish habitat and 
alter sediment transport.  Hydropower projects often result in fluctuating flow, which often 
strands and kills fish and reduces aquatic invertebrate productivity (Hunter 1992).  At some 
storage dam sites, benefits to the fish habitat may be realized by increased summer flows. 

Peak stream flows have systematically increased over time due to land use activities including 
paving (roads and parking areas), reduced percolation through surface soils on residential and 
agricultural lands, simplified and extended drainage networks, loss of wetlands, and rain-on-snow 
events.  Increased peak flow may decrease surface flow during the dry season due to reduced 
ground water recruitment (WSCC 1999a, 2000, 2001).  Loss of forest canopies can substantially 
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increase peak flow events because of what is referred to as ‘rain-on-snow’ runoffs, which occur 
when heavy warm rain falls on a snowpack.  Snow accumulations, especially at high elevations, 
are substantially greater on unforested surfaces than on forested surfaces.  Rain-on-snow events 
are primarily a concern with clearcut timber harvests at high elevations (above 366 m). Within 
this region, it is a concern in the Cascade range along the eastern margin. 

Estuarine and Nearshore Habitat 

Estuary habitat is considered essential for the survival of juvenile salmon that are in transition 
between freshwater and saltwater habitats, particularly chum and chinook salmon.  Because 
drainage from Lake Washington has been rerouted from the Duwamish River to the shipping 
canal, this basin has no estuary, and this may impact early marine survival of stocks from this 
basin (WSCC 2001).  The Duwamish and Puyallup basin estuaries are the major shipping ports 
for Washington State and are also extensively industrialized (WSCC 1999b, 2000).  Both 
estuaries have been severely impacted.  One hundred percent of estuarine wetlands have been 
filled in the lower Duwamish Basin, and the main channel has been dredged for shipping and 
diked for flood control. The Nisqually Basin estuary is essentially preserved in Federal and State 
wildlife refuges, and is the least modified estuary in Puget Sound (WSCC 1999b).  The estuary 
for the Deschutes Basin is modified by the creation of a freshwater lake (Capitol Lake) and 
moderate urban and residential development (WSCC 1999a). 

The nearshore marine habitat has been extensively altered and armored by industry activities and 
intensive residential development near the mouths of the Cedar-Sammamish Basin, Duwamish 
Basin, and the Puyallup Basin.  A railroad runs along most of the shoreline adjacent to these three 
basins, which eliminates natural cover along the shore and natural recruitment of beach sand.  
When erosion occurs, the railroad bed is aggressively armored with large riprap (WSCC 2001).  
Piers and buildings are common in some areas, and dredging has occurred to allow shipping and 
boating access adjacent to the shoreline. (WSCC 1999a, 2000, 2001)  The nearshore environment 
close to the Nisqually River mouth is lightly impacted by some residential development (WSCC 
1999c).  The mouth of the Deschutes River is moderately impacted by residential development, 
marinas and an international trade port (WSCC 1999a). 

Estuarine and nearshore habitat losses are not typically associated with commercial or small 
landowner forestry. 

Large Woody Debris 

The recruitment of LWD has been impacted by past harvest of riparian forests and the failure to 
re-establish these riparian forests on lands converted to other uses.  The retention of in-channel 
LWD has been impacted by removal of LWD for navigational purposes, dikes and levy 
interference, debris torrents and historic removal of wood as a misguided fisheries management 
tool.  The confinement of valley floor river channels by diking assures rapid downstream 
transportation of LWD during peak flows. 

Landslides typically increase LWD recruitment into steep hillslope channels.  However, 
landslide-recruited LWD is less likely to contribute to fish habitat.  Such recruitment is often 
transported by debris torrents and deposited in piles in relatively short sections where channel 
gradient and confinement decline enough to allow deposition (McGarry 1994).  In other 
instances, LWD gets flushed out into the main valley channels and delivered far downstream.  In 
mountainous landscapes, the supply of functional in-channel LWD is controlled primarily by the 
retention of LWD, rather than the recruitment of LWD.  Debris torrents have removed most of the 
LWD in the channels where they have recently occurred.  Debris-torrent-scoured channels have 
greatly diminished habitat value, and will take years or decades to recover. 
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Because of the long duration of time it takes for riparian forests to regenerate and provide 
recruitment of LWD to the channel, most low-gradient (< 6 percent) stream channels have 
reduced levels of LWD.  Larger streams need larger trees to achieve effective LWD function; 
thus, at least some trees 50 to 100 cm dbh range are needed (Bilby and Ward 1989, Grette 1985).  
The riparian forests along many low-gradient streams regenerated as alder, a tree that typically 
lives only 80 years and rots quickly when recruited to the stream channel (Harmon et al 1986).  
Thus, alder LWD is less functional than other hardwoods and coniferous species, although recent 
research suggests that alder leaf-litter may be an important source of nitrogen for the aquatic food 
chain (e.g., Wipfli and Gregovich 2002).  Marshall and Assoc. (2000) conducted a detailed 
photometric study of riparian buffers and found that 51 percent of the private forestland buffers in 
the South Puget Sound region were hardwood-dominated (> 70 percent hardwood by 
composition; Marshall and Assoc. 2000), with most of this being alder.  Alder has a short life 
span (80 years) and limited height potential and diameter potential (50 to 90 feet depending on 
soil and climate).  The rest of forestland buffers were either mixed-hardwood-conifer, or conifer-
dominated.  Mixed buffers typically become conifer-dominated if left undisturbed.   

Water Quality Issues 

Groundwater withdrawal and increased peak flow may decrease surface flow during the dry 
season.  Loss of riparian trees will increase water temperature where the open channel is less than 
100 feet wide (Sullivan et al 1990).  Extensive loss of vegetative cover can increase groundwater 
temperatures, which may impact surface water temperatures (personal communication, Patricia 
Olsen, The Pacific Watershed Institute, Seattle, WA, 2003).  Channelization, water withdrawals, 
loss of wetlands, and altered land cover have resulted in inadequate stream flows in some 
drainages.  Past riparian timber harvest has removed shade and increased water temperatures; 
however recovery is quicker in small stream channels, because smaller trees provide a greater 
proportion of required shade sooner on small channels.  Poor water quality (high temperature, 
fine sediment) were relatively frequent in association with floodplain channels where agriculture 
and urban/residential development predominate (WSCC 1999b, 2000).  Riparian conditions in 
managed forestlands was mixed.  Temperature impacts from riparian harvest along wider 
channels (i.e., >10 meters [approximately 33 feet]) are less significant because, even under 
natural conditions, the channel is only partially shaded by riparian trees and water temperatures 
are naturally higher.  However, taller trees do make a difference on larger channels, thus 
temperature recovery from riparian timber harvest takes longer.  As noted above, this problem is 
compounded by the fact that 51 percent of the riparian buffers in the South Puget Sound region 
regenerated from timber harvest as hardwood-dominated stands (i.e., > 70 percent hardwoods). 
Severe debris torrents can remove enough riparian trees to impact shade and water temperature 
(Beschta and Taylor 1988, Coho and Burges 1994).  

Waters impaired by temperature in this region include portions of the Sammamish River in 
WRIA 08, the Green River in WRIA 09, the Clearwater River, Lower White River, Boise Creek 
and Wilkeson Creek in WRIA 10, and the Deschutes River in WRIA 13 (WDOE 1998, 2003).  
Temperature TMDLs have been done for the Upper White River basin (Ketcheson et al. 2003) 
and South Prairie Creek/Wilkeson Creek (Barreca and Roberts 2003). 

Dissolved oxygen impairments include portions of the Sammamish River and certain tributaries 
of the Green River.  A dissolved oxygen TMDL has been done for the Puyallup River (Pelletier, 
G. 1993).  The Upper Deschutes River is impaired due to excessive fine sediment.   

Chemical use in forestlands is substantially limited to herbicide applications to suppress alder, 
maple, and brush competition during early phases of conifer forest regeneration.  No regional 
factors exist to suggest that impacts from herbicides would be different in this region than other 
regions in Washington State. 
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The State list of impaired waters, in compliance with Section 303(d) of the Clean Water Act, lists 
waters that do not meet water quality standards or fully protect beneficial uses (see 
http://www.ecy.wa.gov/programs/wq/303d/index.html).  Impairments to parameters in this 
region, such as temperature, turbidity, and dissolved oxygen, may be related to past forest 
practices or other land uses.   

5.0 HABITAT TRENDS  

Forest practice regulations over the past twenty years have been extensively modified to reduce 
landslide and road surface input of fine sediment to stream channels. However, no reliable data 
exist on the long-term trend of landslide events at a basin or regional scale, nor road surface input 
(personal communication, Nancy Sturhan, WDNR, 2003).  Habitat trends in LWD and shade can 
be determined, given the following three assumptions:  1) Riparian stand conditions can 
adequately represent recovery of current and future LWD and shade; 2) Riparian stand conditions 
can be determined by contemporary aerial photographs; and 3) Most riparian buffers on non-
federal lands were historically harvested, thus, the current riparian condition represents the state 
of recovery from that harvest.  Coarse, but meaningful, regional trends can be determined from 
two photometric studies.  It is important to note that forestlands make up approximately 48 
percent of the South Puget Sound region.  Of that forestland, only 1 percent is under Federal or 
State protection.  Forty-six percent of the total forestlands are under private management (See 
Tables 3 and 4). 

A dataset used by Lunetta et al. (1997) was made available from Cosentino (personal 
communication, Brian Cosentino, WDFW 2003), which allowed isolation of data for the South 
Puget Sound WRIAs (Table 6).  ‘Response reaches’ were generally defined by Lunetta et al. as 
the lower gradient (< 4 percent) habitat where most of the anadromous fish production occurs.  
Table 6 shows that almost 4 percent of the response reach riparian buffers (RRRB) are classified 
as late seral stage3. Thirty percent of the RRRBs were unforested, primarily as a result of urban 
and agricultural development.  Twenty-seven percent of the RRRBs are mid- or late-seral conifer-
dominated stands.  In other words, these are riparian stands that are either currently fully 
functional or on a pathway to functional recovery.  Thirty-eight percent of RRRBs are classified 
as ‘other forestlands,’ defined to be “hardwood dominated, brush, or recent clearcuts.”  In a 
separate photometric survey, Marshall and Associates (2000) looked at riparian buffers on private 
forestlands only, and determined that 51 percent4 of the riparian buffers in the South Puget Sound 
region were hardwood dominated (>70 percent hardwoods).  These two photometric assessments 
suggest that a substantial portion of the ‘other forestland’ riparian zone in Table 6 is hardwood-
dominated. 

In summary, many managed forestlands are still recovering from historic harvest.  The 
regeneration of many of these conifer stands as hardwoods, primarily alder, may delay recovery.  
However increasing restrictions on riparian timber harvest over the past 30 years places 
forestlands on a much faster track to LWD and shade recovery than most urban and agricultural 
land uses.  

                                                           
3 ‘Late Seral’ Stands should not be confused with ‘Old Growth Stands.’  ‘Late Seral’ as defined by Lunetta 
et al (1997) means the conifer crown cover is >70% and more than 10% of the crown cover in trees are 
greater than 21 inches diameter breast height (dbh).  Thus, ‘Late Seral’ can include some mature second 
growth conifer stands. 
4 This study used regional definitions that overlap the regional definitions used herein.  The actual figures 
used in this study were 51% for the ‘South Puget Sound’ Region, and 57% for the ‘North Coast’ Region.  
These two regions are roughly the same as the combined Olympic Coast, West Puget Sound and South 
Puget Sound regions as defined in this report.  Marshall and Assoc. found relatively little variation in 
hardwood stand percentages on private lands throughout western Washington. 
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Table 6.  Percent of response reach riparian buffers by WRIA for the South Puget 
Sound Region.  [See Lunetta et al. (1997) for description of data.]  
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WRIA or Basin Name 
Cedar-Sammish 2.2% 20.3% 5.6% 23.7% 0.9% 47.3%
Duwamish-Green 3.4% 17.0% 5.0% 31.4% 0.5% 42.8%
Puyallup-White 7.3% 28.2% 3.8% 36.9% 0.4% 23.4%
Nisqually 2.6% 22.4% 5.3% 47.5% 0.4% 21.8%
Deschutes 0.0% 24.9% 9.0% 45.6% 0.2% 20.3%
 
Total response reach riparian acres 2938 18613 4213 30616 414 24571
Regional percentage 3.6% 22.9% 5.2% 37.6% 0.5% 30.2%
 
 

6.0 FISH RESOURCES  

Salmonid Stocks 

Table 7 lists the salmonids that occur in the South Puget Sound region.  The asterisk next to the 
species name indicates that the species is introduced, and not native to Washington State. 

The Pygmy Whitefish, a non-game salmonid species listed as State Sensitive, is present in this 
region.  The Pygmy Whitefish occurs in the Chester Morse Reservoir on the Cedar River, and 
associated tributaries.   
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Table 7.  Salmonid species present by WRIA within the South Puget Sound Region 
(WDFW 2003). 
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Resident Cutthroat Trout  FC X X X X X 
Searun Cutthroat Trout  FC X X X X X 
Pink Salmon     X X  
Chum Salmon   X X X X X 
Coho Salmon  FCo X X X X X 
Rainbow Trout   X X X X X 
Summer Steelhead   X X X X  
Winter Steelhead   X X X X X 
Sockeye Salmon   X X X   
Kokanee Salmon      X  
Fall Chinook Salmon  FT X X X  X 
Spring Chinook Salmon  FT   X   
Dolly Varden/ Bull Trout SC FT X X X   
Brook Trout*      X  
Mountain Whitefish     X X  
Pygmy Whitefish SS  X     
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive (SS), 
State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA Candidate, 
FCo – Federal species of concern. 

 
Other Fish Species 

Table 8 is a list of non-salmonid freshwater species that exist in the South Puget Sound region.  
The asterisk next to the species name indicates that the fish is not native to Washington State.  
This list should not be regarded as exhaustive of the species present.  The Olympic Mudminnow 
is a non-salmonid freshwater species present in the region, which is listed as State Sensitive.  The 
Olympic Mudminnow prefers slow water and wetlands, and was historically found in the 
lowlands of the Thurston and Pierce counties.  This species is endemic to Western Washington 
and may be vulnerable to degradation of wetlands and introductions of non-native warmwater 
fish (Rodrick and Milner 1991). 

Status of Salmonid Stocks  

All anadromous salmonid species are present in the South Puget Sound region.  Chinook and Bull 
Trout are listed as threatened in the region. Coho salmon is a Federal species of concern.  The 
State and Tribal Stock status for 46 salmonid stocks in the South Puget Sound region is shown in 
Table 9. 
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Table 8. Non-salmonid freshwater species by WRIA within the South Puget Sound 
Region (WDFW 2003, Wydoski and Whitney 2003). 
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Longnose Dace   X X X X X 
Speckled Dace   X X X X X 
Largescale Sucker   X X X   
Salish Sucker SM   X    
Prickly Sculpin   X X X X X 
Riffle Sculpin   X X  X X 
Reticulate Sculpin    X X X X 
Shorthead Sculpin   X X X X  
Torrent Sculpin    X    
Three-Spine Stickleback   X   X X 
Brown Bullhead*   X   X  
Channel Catfish*      X  
Pacific Lamprey  FCo  X  X X 
River Lamprey SC   X X   
Brook Lamprey   X X  X X 
Northern Pikeminnow    X   X  
Sunfish spp*.      X  
Pumpkinseed*      X  
Crappie spp*   X   X X 
Largemouth Bass*   X    X 
Yellow Perch*   X     
Longfin Smelt   X     
Peamouth   X     
Redside Shiner    X    
Olympic Mudminnow SS  X    X 
Tench*   X     
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive (SS), 
State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA Candidate, 
FCo – Federal species of concern. 
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Table 9.  Puget Sound Salmon and Steelhead Stock List presented by River Basin 
(2002 SASI Report, 1998 Bull Trout Status Report).   

River Basin Species Stock Status 
Lake Washington  2002 
Issaquah  Chinook Healthy 
N. Lake Washington Tributaries Chinook Healthy 
Cedar River Chinook Depressed 
Lake Washington / Sammamish Tributaries Coho Depressed 
Cedar River Coho Depressed 
Sammamish Tributaries Sockeye Healthy 
Lake Washington Beach Spawning Sockeye Depressed 
Cedar River Sockeye Depressed 
Lake Washington Winter Steelhead Critical 
Chester – Morse Lake Bull Trout/Dolly Varden Unknown 
Green – Duwamish River  
Duwamish/Green River  Chinook Healthy 
Duwamish/Green River Fall Chum Unknown 
Crisp Creek Fall Chum Unknown 
Green River-Soos Ck Coho Healthy 
Duwamish/Green River  Summer Steelhead Depressed 
Duwamish/Green River  Winter Steelhead Healthy 
Green - Duwamish Bull Trout/Dolly Varden Unknown 
Puyallup River  
White River Spring Chinook Critical 
White River Fall Chinook Unknown 
Puyallup River Chinook Unknown 
Hylebos Creek Fall Chum Unknown 
Puyallup/Carbon  Fall Chum Healthy 
Fennel Creek Fall Chum Healthy 
Puyallup River Coho Healthy 
White River Coho Healthy 
Puyallup River Pink Depressed 
Mainstem Puyallup Winter Steelhead Depressed 
White River Winter Steelhead Depressed 
Carbon  Winter Steelhead Depressed 
Puyallup River Bull Trout/Dolly Varden Unknown 
White River Bull Trout/Dolly Varden Unknown 
Carbon River Bull Trout/Dolly Varden Unknown 
Nisqually River  
Nisqually River Chinook Depressed 
Nisqually River Winter Chum Healthy 
Nisqually River Coho Healthy 
Nisqually River Pink Unknown 
Nisqually River Winter Steelhead Depressed 
Nisqually River Bull Trout/Dolly Varden Unknown 
South Sound Independent Tributaries  
Independent Tributaries* Chinook Not Rated 
Henderson Inlet  Fall Chum Unknown 
Eld Inlet * Fall Chum Healthy 
Chambers Creek Winter Chum Healthy 
Chambers Creek Coho Depressed 
Deep South Sound Tribs* Coho Healthy 
Deschutes River Coho Critical 
Deschutes River Winter Steelhead Not Rated 
Eld Inlet* Winter Steelhead Unknown 

*The spawning distribution of these stocks occurs in both the South Puget Sound and West Puget Sound regions, as 
defined for purposes of this document. 
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For State and Tribal Stock Status, Healthy refers to a stock of fish experiencing production levels 
consistent with its available habitat and within the natural variations in survival for the stock; 
Depressed refers to a stock of fish whose production is below expected levels based on available 
habitat and natural variations in survival rates, but above the level where permanent damage to 
the stock is likely; Critical refers to a stock of fish experiencing production levels that are so low 
that permanent damage to the stock is likely or has already occurred; and Unknown refers to a 
stock of fish which has insufficient information to rate stock status. 

7.0 AMPHIBIANS 

The South Puget Sound region harbors 17 amphibian species, including the introduced bullfrog 
(Dvornich et al. 1997; McAllister 1995).  Of these 17 species, the largest assemblage (including 
the bullfrog) consists of 9 taxa that reproduce in stillwater habitat including lakes, oxbow, ponds, 
temporary pools, and other freshwater wetlands. (Table 10)  Stillwater habitats are split between 
high elevation lakes and ponds, and lower elevation habitats associated with the riparian margins 
of larger streams and rivers.  Since a large proportion of the latter habitat has been altered or lost 
(see Floodplain and Wetland Conditions and Large Woody Debris Conditions), significant impact 
to stillwater amphibians is presumed, but documentation has been attempted for only one 
stillwater-breeding amphibian species, the Oregon spotted frog (see McAllister et al. 1993), the 
habitat requirements of which fall largely outside of this HCP.  Lowland stillwater habitats are 
also the habitats in which introduced warmwater species, including bullfrogs and fish species 
(catfish, mosquitofish, sunfish; see Table 8), may adversely impact native amphibians (Adams 
1999).  Of the remaining eight native amphibian species, four (ensatina, Larch Mountain 
salamander, Van Dyke’s salamander, and western red-backed salamander) reproduce in terrestrial 
habitats and four (Cope’s giant salamander, coastal giant salamander, coastal tailed frog and 
Cascades torrent salamander) reproduce in streams, springs, or seeps. 

Three regional species (coastal tailed frog, Cascades torrent salamander, and Van Dyke’s 
salamander) are Forest Practices HCP-covered taxa (Table 10).  Both Cascades torrent 
salamander and Van Dyke’s salamander have marginal distributions in the region.  Known 
distributions of all three species may be conservative because no systematic survey has been 
performed to understand distribution or determine status.  All three species may be at risk because 
sedimentation has the potential to substantially reduce its in- or near-stream habitat (Bury 1983, 
Bury and Corn 1988, Corn and Bury 1989).  Furthermore, timber harvest, which can result in 
significant sedimentation (Beschta 1978, Jakob 1999) in Type N waters, occurs over most of the 
South Puget Sound region where these species occur (see Habitat Trends).  

Table 10.  Forest and Fish Amphibians of the South Puget Sound Region 
 

Habitat 
Active Season 

Group Name Breeding 
Non-

Breeding 
Over-

wintering Regional Distribution 

Frogs 
Coastal tailed frog  
Ascaphus truei 

streams streams terrestrial 
streams with enough 
gradient from low to high 
elevations 

Van Dyke’s salamander  
Plethodon vandykei 

terrestrial terrestrial terrestrial Known from a few sites in 
WRIAs 10 and 11 

Salamanders 
Cascades torrent salamander 
Rhyacotriton cascadae 

streams streams terrestrial 
Predicted, but not known 
from the south margin of 
WRIA 11 
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Although not covered under this Forest Practices HCP, seven other amphibians (namely 
northwestern salamander [Ambystoma gracile], long-toed salamander [Ambystoma 
macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla regilla], northern red-legged 
frog [Rana aurora], Cascades frog [Rana cascadae], and rough-skinned newt [Taricha 
granulosa]) may receive some protection as a result of Forests and Fish patch buffer 
prescriptions.  Two of these species, western toad and Cascades frog have State watchlist (special 
concern) status (WDFW 2001).  Both have declined elsewhere in their geographic ranges (Carey 
1993, Fellers and Drost 1993), but the western toad is known to have disappeared from a number 
of locations in the Puget Sound area (K. McAllister, M. Hayes, pers. comm. 2003).  Development 
and hydrological alteration may have resulted in habitat loss for western toads at low elevations. 
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WEST PUGET SOUND 
REGIONAL SUMMARY 

 

1.0 PHYSICAL DESCRIPTION 

The West Puget Sound region includes five WRIAs (14, 15, 16, 17, and 18).  Major stream 
systems include the Skokomish, Duckabush, Dosewalips, Big Quilcene, Elwha, and Dungeness 
Rivers, as well as other South Sound and Hood Canal tributaries.  Portions of Thurston, Mason, 
Kitsap, Jefferson, and Clallam Counties are included within the West Puget Sound region.  A map 
of West Puget Sound region is provided in Figure 1. 

The West Puget Sound region extends from the Puget Lowland physiographic province in the east 
to the Olympic Mountains physiographic province in the west (Lasmanis 1991).  Elevations range 
from sea level to almost 8,000 feet.   

General Geology 

The geology of the West Puget Sound region includes Tertiary volcanic and sedimentary rocks 
that form the eastern Olympic Mountains and Pleistocene glacial sediments that cover the Puget 
Lowland.  The Crescent Formation, including basalts and limestone, dominates the bedrock 
geology in the region. Alpine and continental glaciation shaped the region by sculpting the 
Olympic Mountains and depositing thick layers of sands and gravels in valley bottoms and on 
coastal plains along Puget Sound.    

The West Puget Sound region can be divided into two geological areas, the Puget Lowlands and 
Olympic Mountains.  Recent continental glaciation has left deep deposits of moraine sediments in 
the Puget Lowlands.  Glaciers, which have over-ridden deposits left by previous glaciers, have 
created hardpan layers and perched aquifers (e.g., WDNR 1998, WSCC 1999), which in turn, 
have created small basins with lakes, ponds and wetlands.  The Olympic Mountains is an area of 
geologically rapid uplift, forming mountains up to 2400 meters (approximately 7900 feet ) in 
elevation.  Recent glaciation and ongoing heavy precipitation has resulted in a topographically 
complex landscape with long and steep hillslopes, and high gradient channels.   

Information concerning erosion processes in the West Puget planning region has been extracted 
from the following watershed analyses:  Kennedy Creek in WRIA 14 (WDNR 1995c); West 
Kitsap in WRIA 15 (WDNR 1995d); and Big Quilcene in WRIA 17 (WDNR 1997b). 

Mass wasting is the dominant erosion process in the West Puget planning region.  Results of 
watershed analyses indicate debris avalanches, debris flows, and debris torrents are the most 
common landslide types.  In high elevation areas of the Olympic Mountains, snow avalanches can 
sometimes deliver significant volumes of sediment to headwater streams (WDNR 1997b).  Most 
debris avalanches originate in convergent topography such as bedrock hollows, channel heads, 
headwalls, and inner gorges along streams.  Deep-seated landslides are relatively common in this 
region and are most often associated with deposits of glacial sediments. 

Due to high soil infiltration capacities, surface erosion is rare except in areas that have been 
heavily disturbed or compacted.  Where soils in close proximity to streams are disturbed or 
compacted, sediment delivery is more likely to occur. 
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General Hydrology 
The region has a marine climate characterized by mild, wet winters and cool, dry summers.  
Average annual precipitation ranges from 15 inches near Sequim to almost 200 inches at higher 
elevations.  The large disparity in precipitation totals is attributable to the Olympic Mountains.  
The range intercepts moisture-laden Pacific storms, resulting in extremely high precipitation 
totals in the western part of the region while creating a rain-shadow effect in areas to the east.  
Most of the precipitation falls as rain at lower elevations while snow is the dominant form of 
precipitation above 4,000 feet.  The region receives more than 75 percent of its annual 
precipitation from October through March. 

The region contains several rivers, all of which originate in the Olympic Mountains.  The Elwha 
and Dungeness rivers drain north into the Strait of Juan de Fuca while the Dosewallips, 
Duckabush, Hamma Hamma, and Skokomish rivers drain east to Puget Sound.  The hydrologic 
regime of these systems is similar to other western Washington rivers; peak flows generally occur 
during fall and winter and as a result of rain or rain-on-snow precipitation events while low flows 
occur during late summer or early fall.  Smaller magnitude peak flows sometimes result from 
spring snowmelt.  Based on the DNR stream hydrography GIS coverage, there are approximately   
stream-miles (both fish-bearing and non-fish streams) in the North Puget Sound region, with an 
average stream density of stream miles/mile2 (Table 1). 
 
Table 1.  Stream Miles in the West Puget Sound Region by WRIA1/ 

 

WRIA 14 
Kennedy-

Goldsborough 
WRIA 15 

Kitsap 

WRIA 16 
Skokomish-
Dosewallips 

WRIA 17 
Quilcene-

Snow 

WRIA 18 
Elwah-

Dungeness 

Total West 
Puget 
Sound 

 
Stream Length 
(miles) 

      1,134        2,411       2,163       1,459       1,947  9,114 

       
 
Stream Density 
(miles/mi2) 

        3.42          3.61         3.57         3.64         2.76  3.36 

       
 1/  Primary Data Source: DNR stream hydrography GIS layer.  Stream miles include all mapped Type 1-9 streams.  
 
 

2.0 LAND OWNERSHIP AND USE 

Major Land Ownership 

Approximately 40 percent of all lands in the North Puget Sound region are in Federal ownership 
and the majority of these (representing 26 percent of all lands) are being managed for long-term 
preservation, primarily in national parks, national recreation areas, and wildernesses (Table 2).  
Another large portion of these Federal lands is being managed by the Forest Service outside of 
wilderness (13 percent of all lands); a substantial portion of these non-wilderness National Forest 
System lands is being managed under a very limited management status (e.g., LSRs, Managed 
LSAs, AMAs, or Riparian Reserves) according to the Northwest Forest Plan.  The remainder of 
the Federal lands (1 percent of all lands) are being managed by other agencies.  Tribal lands 
represent about 1 percent of the region.  State lands (primarily under management for timber 
production) represent 11 percent of all lands in the region, private lands represent 48 percent, and 
city/county lands represent less than 0.1 percent. 
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Land ownership varies considerably among the WRIAs of the region.  The majority of WRIAs 16 
(Skokomish-Dosewallips) and 18 (Elwah-Dungeness) (71 and 74 percent, respectively) and 29 
percent of WRIA 17 (Quilcene-Snow) are in Federal ownership in Olympic National Park and 
Forest.  In contrast, little to no Federal ownership occurs in WRIAs 14 (Kennedy-Goldsborough) 
and 15 (Kitsap); the vast majority of these WRIAs (89 and 80 percent, respectively) is in private 
ownership.   

Land Cover and Land Use 

Forestland makes up approximately 88 percent of the West Puget Sound region (Table 3).  Ice, 
snow, and bare rock represent about 2 percent, residential and commercial areas make up 4 
percent, and agricultural lands make up about 3 percent of the region.  Individual WRIAs consist 
of between 84 and 92 percent forestland.  Residential and commercial lands make up the highest 
percentage (12 percent) of WRIA 15 (Kitsap) and the lowest percentage (0.2 percent) of WRIA 
16 (Skokomish-Dosewallips).  Agricultural lands also make up the lowest percentage (0.5 
percent) of WRIA 16 and make up the highest percentage of WRIA 18 (Elwah-Dungeness).
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Appendix A  

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT  

Approximately 41 percent of the forestlands in the West Puget Sound region are in Federal 
ownership, 1 percent are in Tribal ownership, 12 percent are in State ownership, and 46 percent 
are in private or other ownership (Table 4).  A Federal or State preservation or limited 
management status covers approximately 41 percent of the forestlands in the region.  Only about 
1 percent of the forestlands are available for Federal or Tribal timber management.  State timber 
management may occur on approximately 11 percent of the forestlands and 46 percent of the 
forestlands are in private, county, city, or tribal ownership, where timber management may occur. 
Overall, lands covered by the forest practices rules represent approximately 57 percent of the 
forestlands in the region (see Figure 1, which displays these lands).  Existing HCPs cover the 
majority (86 percent) of the State-managed lands, and about 13 percent of the combined private, 
county, and city ownerships.  WRIA 14 has the largest percentage of forest practices rules-
covered lands (99 percent of all forestlands, 45 percent of which are covered by existing HCPs) 
and WRIA 18 has the lowest (22 percent of all forestlands, 33 percent of which are  covered by 
existing HCPs).  Most of the private forestlands in the region are found on and adjacent to the 
Kitsap Peninsula, especially in WRIAs 14 and 15.   

Small, 20-acre exempt forest landowners make up about 2.2 percent of the forestlands and about 
3.8 percent of the forestlands subject to forest practices rules in the West Puget Sound region, 
based on the analysis by Rogers (2003).  However, this analysis may represent an overestimate 
because of a potential anomaly in the Kitsap WRIA (15), where an unusually high number of 
parcels were tallied (personal communication, Luke Rogers, Rural Technology Initiative, 
University of Washington, May 2004).  The small landowner parcels are mainly found in the 
lower elevation lands, especially on the Kitsap Peninsula and along the major rivers.  The highest 
percentage (about 4.5% of the forestland) is in the Kitsap WRIA (15) and the lowest percentage 
(0.1%) is in the Skokomish-Dosewallips WRIA (16). 

Approximately 4,879 stream miles occur on lands subject to forest practices rules in the West 
Puget Sound region (Table 5).  This represents 54 percent of all streams in the region.  
Approximately 3,134 miles or 64 percent of the 4,879 stream miles on lands subject to forest 
practices rules are estimated to be fish-bearing stream miles (based on existing water typing and 
gradient analysis on sample areas).  The percentage of all streams on small, 20-acre exempt forest 
landowner parcels in this region is estimated to be about 5 percent and the percentage of all fish-
bearing streams on small, 20-acre exempt forest landowner parcels is about 5.5 percent (Rogers 
2003).  However, the percentage in this region may be unrealistically high (see above). 
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Appendix A   

4.0 HABITAT LIMITING FACTORS  

Primary Regional Factors 

The Puget Lowlands are composed of many small drainages, which have historically supported 
large runs of chum and coho salmon.  Managed forestlands throughout this area are becoming 
increasingly fragmented by urban development, although some large commercial timber 
plantations remain on the western side of the Kitsap Peninsula and in eastern Jefferson County 
(Quilcene – Port Ludlow area of the Olympic Peninsula).  Agricultural uses are common in the 
floodplains of the area.  

In the Olympic Mountains, stream channel gradients are high, and natural barriers limit 
anadromous salmonid utilization in many basins.  Recreational, residential and limited urban 
development has resulted in some impact, especially along the marine shorelines.  Most of the 
larger rivers drain from the Olympia National Park and USFS Wilderness; thus, many of the 
upper watersheds are substantially protected.  However, timber harvest and the associated forest 
road construction occurred in some of the high Olympics in the South Fork Skokomish and 
Dungeness Basins.  These forest practices were followed by severe landslide episodes (Bounty et 
al 2002, WDNR 1997).  Private and State commercial timber plantations are present around the 
fringes of this Federal land, and occupy most of the foothills.  Hydropower dams block 
anadromous fish access to the upper Elwha River (however these dams are slated for removal in 
2008), and summer irrigation and groundwater withdrawals create problems in the lower 
Dungeness River.   

Sedimentation/Mass Wasting 

In the Puget Lowlands, shallow rapid landslides (SRLSs) are not a widespread problem; however, 
locally sensitive areas occur.  Activity that loosens soils, increases hillslope gradients, removes 
trees and concentrates runoff can trigger landslides on steep gradients (WDNR 1998, WSCC 
1999).  These landslides can deliver both fine and course sediments to stream channels and 
aggrade channel beds (WDNR 1998).  

In the Olympic Mountains, slow weathering rock formations and high mountains have created 
long and steep hillslopes.  The natural incidence of mass wasting is high (WDNR 1994, WSCC 
2003b), especially where forest fires have occurred.  Extensive road construction and timber 
harvests on steep slopes are triggering hundreds of SRLSs.  Mid-slope roads are particularly 
troublesome.  Although conflicting assessments exist concerning the downstream impact of these 
slides, the most recent assessment concluded that impacts were severe (WSCC 1999).  Hundreds 
of SRLSs, as a result of historic timber harvest and road construction on steep slopes, have been 
documented in the South Fork Skokomish River and Big Quilcene Rivers (WDNR 1994, WDNR 
1997).  In the Dungeness Basin, a sizeable portion of land is outside the National Park and 
wilderness area preserves, and some deep glacial deposits exist in the middle of the watershed 
(WSCC 1999). 

Large deep-seated landslides (DSLSs) are not common to the West Puget Sound region.  The 
Puget Sound Lowlands lack the steep long slopes, and the Olympic Mountains have relatively 
hard unweathered bedrock as a result of rapid geological uplift.  However, the Olympic 
Mountains do contain a number of active large DSLSs in large alluvial and glacial deposits.  For 
example, the Dungeness River has been severely impacted by three DSLSs (PSCRBT 1991).  A 
number of DSLSs are located at or near the west Hood Canal shoreline, where deep glacial and 
alluvial deposits are being undercut by shoreline or river channel erosion.  Highway placement, 
timber harvest, and residential development may have contributed to this problem.  Several of 
these landslides were activated during a period of high precipitation in 1996, resulting in closure 
of State Route 101 for seven months (WSCC 2003b). 
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In addition to the coarse sediment mentioned above, fine sediment from unpaved roads enter 
stream channels.  Unpaved roads are wide spread on industrial forestlands, and to a lesser extent, 
in rural residential areas and recreational forestlands.  Commercial forestlands throughout 
Washington State have extensive networks of unpaved roads, and the West Puget Sound region is 
no exception.  Fortunately, competent “hard” rock for road surfaces is readily available.   

On the Kitsap Peninsula, within the Puget Lowlands, many rural unpaved roads in low gradient 
areas are not graded above the surrounding surface, but are sunken below the surface of the land.  
This makes the discharge of surface water impossible.  During high rainfall, water flows down 
the road until there is a dip in the road gradient.  Water and sediment are discharged at these 
points, often directly into a channel.  Most of these roads are residential, and not subject to forest 
practices rules (WDNR 1998). 

Riparian, Floodplain and Wetland Conditions 

Most drainages within the Puget Lowlands are small and relatively low in gradient, thus they lack 
the water volume or energy to form wide floodplains.  Many of the smaller floodplains, which do 
exist, have already been developed.  Perched aquifers have contributed to freshwater wetlands in 
the headwaters of various drainages (e.g., West Kitsap watershed).  These wetlands are being 
filled or impacted by adjacent residential developments (WDNR 1998). 

Heavy rainfall and relatively steep channel gradients in the Olympic Mountains result in flashy 
systems and relatively few small wetlands.  Alpine lakes and bogs occur within the interior of the 
Olympic Mountains.  With the exception of the Skokomish River System, floodplains are 
restricted to the lowest reaches of these rivers adjacent to marine waters.  These floodplain areas 
were the most suitable (i.e., flat) for settlement, and towns and farms were frequently established 
there.  Once established, the river channels were diked and levied for protection from flooding.  
The Skokomish River has a more extensive floodplain extending 14 miles inland.  Most of this 
floodplain has been converted to agricultural uses, and much of the wetlands that once existed 
have now been drained or filled (WSCC 1999, WDNR 1997).  Although, the valley has a history 
of flooding, a large influx of sediment from the upper south fork has occurred in the past 20 
years, causing rapid aggradation of the riverbed and more frequent floods.  A combination of 
historic forest practices and natural events have contributed to this bedload influx (WDNR 1997). 

Channel/Hydrology Conditions 

Hydropower storage dams are operating on the Elwha River and the North Fork Skokomish 
River, and both dams contribute to downstream gravel depletion (WSCC 1999, WSCC 2003b).  
The Elwha River dams block anadromous fish access to 70 miles of channel.  On the North Fork 
Skokomish River, historical anadromous fish access to the dam sites is uncertain; however, the 
hydropower plant diverts flow directly to Hood Canal, and thus bypasses a substantial portion of 
the flow from 17 miles of habitat.  Other small hydropower projects and municipal water 
diversions may have localized impacts to the aquatic environment (WSCC 1999, WSCC 2003b). 

Within the West Puget Sound region, peak stream flows have systematically increased over time 
due to land use activities including paving (roads and parking areas), reduced percolation through 
surface soils on residential and agricultural lands, simplified and extended drainage networks, 
loss of wetlands, and rain on snow events in higher elevation clearcuts (WDNR 1997, WDNR 
1998).  The impact of residential development on peak flow is well documented in the West 
Kitsap Watershed Analysis in WRIA 15 (WDNR 1998).  Loss of forest canopies can substantially 
increase peak flow events due to ‘rain-on-snow’ runoffs.  Snow accumulations, especially at high 
elevations, are substantially greater on unforested than on forested surfaces.  This is primarily a 
concern with clearcut timber harvest at elevations above 900 meters (approximately 3000 feet)  in 
the Olympic Mountains (WFPB 1997).   
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The northeast coast of the Olympic Peninsula is the driest place in western Washington because it 
is located in the rain shadow of the Olympic Mountains.  This has made the Port Angeles –
Sequim area popular for residential, recreational and retirement development; however, this 
creates a high demand for water during the summer.  Irrigation and municipal water withdrawals 
and residential ground water withdrawals have impacted surface flow in the lower Dungeness 
River, and, to a lesser extent, in the lower Elwha and small tributaries in the Port Angeles-Sequim 
area.  However, irrigation actually improves summer flow in some smaller tributaries as a result 
of continuous groundwater recharge (WSCC 1999). 

The Puget Lowlands are relatively low in elevation, thus snow accumulation is rare.  
Furthermore, soil percolation is naturally high in most of the West Puget Sound region.  
Groundwater withdrawal and increased peak flow may decrease surface flow during the dry 
season in urban areas.  However in some areas of the Puget Lowlands, impervious surfaces such 
as paved roads, buildings, and lawns contribute to reduced soil percolation.  The filing and 
degradation of freshwater wetlands has also increased peak flows in some areas (WSCC 1999, 
WDNR 1998). 

Estuarine and Nearshore Habitat 

The Puget Lowlands exhibit a complex network of roughly 1000 miles of marine and estuarine 
shorelines.  Most of these estuaries are still present, but some level of modification or alteration 
has occurred in most of them.  Failing septic systems is a common problem in many areas, 
leading to closure of shellfish beds.  The more urbanized areas exhibit a wider range of problems 
from sedimentation, road surface runoff, industrial pollutants, and heavy metal contamination of 
the marine sediments (WSCC 2003). 

Some of the rivers draining from the Olympic Mountains have well-developed estuaries (i.e., the 
Skokomish River), while others (i.e. Dosewallops, Elwha Rivers) have relatively abrupt 
transitions from freshwater to salt water.  The Skokomish River Estuary has been impacted by a 
dike preventing tidal and floodwater circulation; however, the dike has recently been breached in 
places to allow more natural function (WSCC 2003b).  Industrial pollution and the substantial 
reduction of late summer flow in the Dungeness River have contributed to the decline of eelgrass 
in the Dungeness estuary (WSCC 1999). 

Degradation of the near-shore environment has occurred in the southeastern areas of Hood Canal 
in recent years resulting in late summer marine oxygen depletion and significant fish kills.  This 
problem was severe in 2003.  Circulation of marine waters is naturally limited, and partially 
driven by freshwater runoff, which is often low in the late summer.  However, human 
development has increased nutrient loads from failing septic systems along the shoreline, and 
from use of nitrate and phosphate fertilizers on lawns and farms.  Shoreline residential 
development is widespread and dense in many places.  The combination of highways and dense 
residential development has impacted both physical and chemical characteristics of the near-shore 
environment (WSCC 2003a). 

Large Woody Debris 

The recruitment of LWD has been impacted by past riparian forest harvest and, on lands 
converted to other uses, the failure to re-establish these riparian forests following harvest.  The 
retention of in-channel LWD has been impacted by its removal for navigational purposes, dikes 
and levee interference, debris torrents, and the historic practice of LWD removal as a misguided 
fisheries management tool.  The recent removal of in-channel large cedar logs occurred in Big 
Beef Creek (WDNR 1998).  Removal of newly recruited LWD from the Skokomish River for 
commercial timber has occurred in recent years (WDNR 1997). 
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Most of the stream channels in the Puget Lowlands are small to medium in size and do not 
require very large wood to achieve most LWD function.  Historic harvest of the riparian timber, 
regeneration of those stands as hardwoods, and agriculture and urban development, have 
impacted the existence and function of riparian buffers (WDNR 1995, WDNR 1998).  Some 
channels in this region are exceptionally sensitive to the loss or removal of LWD, because they 
cross deep deposits of unconsolidated glacial material.  Channels flowing across such deposits 
often lack bedrock, boulder and large cobbles necessary to armor the channel bed; and therefore, 
the loss of LWD can lead to rapid channel incision and accelerated bank failures (e.g. Big Beef 
Creek, WDNR 1998).  Other channels such as those in the South Fork Skokomish basin are in 
moderately good condition in terms of current and future in-channel LWD.  Those areas with a 
high LWD recruitment hazard in the South Fork Skokomish basin have very good prospects for 
future improvement for LWD (WDNR 1997).  In the Kennedy Creek watershed, 68 percent of the 
riparian areas of fish bearing streams were found to have the ability to supply an adequate amount 
of LWD in the near term and that percentage will likely increase over time, given the riparian 
protections that are now in place (WDFW 1995).  

In the Olympic Mountains, landslides are the primary means of LWD recruitment, although 
riparian adjacent recruitment is still important.  Steep gradients and precipitation results in high-
energy peak flows.  Thus, very large conifer LWD, with attached rootwads, is required to achieve 
LWD function in these larger channels.  Confinement of valley floor river channels by diking and 
levees accelerates downstream transportation of LWD during peak flows (e.g., Bountry et al. 
2002). 

Water Quality Issues 

In the upper watersheds of the Olympic Mountains, data on water temperature is sparse, but water 
temperature problems are not expected (WSCC 1999, 2003b).  Along the coastline of WRIA 18 
(Port Angeles-Sequim area); however, a few water temperature problems have been documented 
(e.g. Dry Creek, WDOE 1998).  Within the Puget Lowlands, elevated water temperature 
problems are more common, but variable from drainage to drainage.  Agricultural land use and 
the associated lack of riparian buffers are the key reason for elevated temperatures, although 
lakes, wetlands and residential development can be contributors in some areas (WSCC  2000, 
2002a, 2002b, 2003a).  In WRIA 17, high temperatures have been documented in Chimacum 
Creek, the Little Quilcene River and tributaries, Tarboo Creek and Thorndike Creek.  In WRIA 
15, Big Beef Creek and Gamble Creek have had high temperatures (WDOE 1998). 

A few low dissolved oxygen problems have been noted, primarily associated with low stream 
velocities through agricultural lands.  Many stream channels have not been monitored for water 
quality (WSCC 1999, 2000, 2002a, 2002b, 2003a). 

Forest roads and harvest activities, as well as dikes and levees downstream, have increased 
aggradation of sediments and peak flows in the Skokomish River (WRIA 16), Dungeness River 
(WRIA 18), and to some extent the Big Quilcene River (WRIA 17) (Barreca 1998).  These three 
rivers are also impaired due to low instream flow from water withdrawals or diversions.  Fish and 
wildlife forested habitat owned by Simpson Timber in the Skokomish watershed is now protected 
by a Habitat Conservation Plan (Simpson Timber Company 2000).   

5.0 HABITAT TRENDS  

Potentially unstable landforms are routinely identified and mapped.  However long-term trends of 
landslide activity are difficult to systematically measure, because activities that cause landslides 
(roads, steep slope timber harvest) and the actual occurrence of landslides are often separated by 
years or decades.  At this point, no reliable data exist on the long-term trend of landslide events. 
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Direct measure of in-channel fine sediment is costly and impractical because very large sample 
sizes are necessary to achieve statistical significance.  Therefore, the watershed analysis 
methodology (WFPB 1997) and the more recent Road Maintenance and Abandonment Plans 
(RMAP) focus on measuring fine sediment before it enters the channel.  This method measures 
surface erosion for the tread surface, cutslope, ditchline and fillslope, based on road use, soil type, 
vegetative cover, gradient, water routing and other factors.  No recent independent assessments of 
forest road maintenance have been made in Washington State or the West Puget Sound region.  

Habitat trends in LWD and Shade can be determined, given the following three assumptions:  
1) riparian stand conditions can adequately represent recovery of current and future LWD and 
shade; 2) riparian stand conditions can be determined from contemporary aerial photographs; and 
3) most riparian buffers on non-Federal lands were historically harvested, thus, the current 
riparian condition represents a state of recovery.  It is important to note that forestlands make up 
approximately 88 percent of the West Puget Sound region, most under private and State 
management.  Approximately 41 percent of the forestland is under Federal or State protection 
(See Tables 3 and 4).   

On a large scale, meaningful trends can be determined, based on two photometric studies.  A 
dataset used by Lunetta et al. (1997) was made available from Cosentino (personal 
communication, Brian Cosentino, WDFW, 2003), which isolated data from the West Puget Sound 
region by WRIAs (Table 6).  ‘Response reaches’ were generally defined by Lunetta et. al. as the 
lower gradient (< 4 percent) habitat where most of the anadromous fish production occurs.  Table 
6 shows that 11 percent of the response reach riparian buffers (RRRBs) were classified as late 
seral stage.  Almost 18 percent of the RRRBs were non-forested, primarily as a result of urban 
and agricultural development.  The West Puget Sound region has a smaller percentage of non-
forested lands than North and South Puget Sound regions because of the large areas of National 
Park and National Forest lands on the Olympic Peninsula, and the generally reduced pace of 
urban and agricultural conversion.  Thirty-two percent of the Olympic Mountains were in late 
seral condition5, as compared to almost 2 percent within the Puget Lowlands.  This reflects the 
extent of historical timber harvest within the Puget Lowlands and the reduced timber harvest on 
Federal lands.  Thirty-eight percent of the Puget Lowlands were described as other forestlands, 
defined as either hardwood, brush, or clearcuts.  This may reflect the regeneration of riparian 
areas as hardwoods following historic harvest.  In a separate photometric survey, Marshall and 
Associates (2000) looked at riparian buffers on private forestlands only, and determined that 
roughly 54 percent6 of the riparian buffers on private forestlands were hardwood dominated (e.g., 
> 70 percent hardwoods).  These two photometric assessments suggest that a substantial portion 
of the ‘other forestland’ riparian zone in Table 6 is hardwood-dominated.   

In summary, this data set suggests that riparian areas on Federal lands in the Olympic Mountains 
have seen only limited harvest, and are now substantially protected (personal communication, 
Mark Hunter, WDFW, 2003).  Gradual increased restrictions on riparian timber harvest over the 
past 30 years places private forestlands on a pathway to recovery, although that pathway is longer 
for hardwood stands in the Puget Lowlands.  Urban and agricultural impacts on riparian buffers,  

                                                           
5  ‘Late Seral’ Stands should not be confused with ‘Old Growth Stands.’  ‘Late Seral’ as defined by Lunetta 
et al (1997) means the conifer crown cover is >70% and more than 10% of the crown cover in trees are 
greater than 21 inches diameter breast height (dbh).  Thus, ‘Late Seral’ can include some mature second 
growth conifer stands. 
6 This study used regional definitions that overlap the regional definitions used herein.  The actual figures 
used in this study were 51% for the ‘South Puget Sound’ Region, and 57% for the ‘North Coast’ Region.  
These two regions are roughly the same as the combined Olympic Coast, West Puget Sound and South 
Puget Sound regions as defined in this report.  Marshall and Assoc. found relatively little variation in 
hardwood stand percentages on private lands throughout western Washington. 
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Table 6.  Percent of response reach riparian buffers by WRIA for the West Puget 
Sound Region.  [See Lunetta et al. (1997) for description of data.]  
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WRIA or Basin Name 
Kennedy-Goldsborough 2.7% 26.6% 10.5% 47.3% 1.2% 11.6%
Kitsap 0.0% 39.6% 10.6% 31.9% 0.9% 17.0%
Skokomish-Dosewallops 37.8% 21.6% 4.4% 28.2% 0.4% 7.6%
Quilcene-Snow 5.8% 25.0% 5.9% 43.5% 0.5% 19.2%
Elwah-Dungeness 27.9% 11.4% 1.3% 28.7% 0.2% 30.5%
 
Total response reach riparian acres 7157 17994 4811 22605 453 11306
Regional percentage 11.1% 28.0% 7.5% 35.1% 0.7% 17.6%
Puget Lowlands (14,15 &17) 1.8% 33.4% 9.6% 38.1% 0.9% 16.1%
Olympic Mountains (16,18) 32.1% 15.7% 2.6% 28.5% 0.3% 20.9%
 
 
while significant, are less extensive for the West Puget Sound region than the other Puget Sound 
regions.  

6.0 FISH RESOURCES 

Salmonid Stocks    

All anadromous salmonid species are present in the West Puget Sound region.  Chinook salmon 
and bull trout are Federally listed as threatened in the region. Coho salmon is a Federal species of 
concern.   

Table 7 lists the salmonid species that occur within the West Puget Sound region.  The asterisk 
next to the species name indicates that the species is introduced, and not native to Washington 
State. 
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Table 7.  Salmonid species present by WRIA within West Puget Sound Region 
(WDFW 2003). 
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Resident Cutthroat Trout  FCo X X X X X 
Searun Cutthroat Trout  FCo X X X X X 
Pink Salmon     X X X 
Chum Salmon   X X X X X 
Coho Salmon  FCo X X X X X 
Rainbow Trout   X X X X X 
Summer Steelhead    X X X  
Winter Steelhead   X X X X X 
Sockeye Salmon     X   
Kokanee Salmon     X  X 
Fall Chinook Salmon  FT  X X X X 
Spring Chinook Salmon  FT     X 
Dolly Varden/Bull Trout SC FT   X X X 
Brook Trout*     X X X 
Mountain Whitefish     X  X 
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive 
(SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these 
definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 

 
Other Freshwater Fish Species 

Table 8 is a list of non-salmonid freshwater species that exist in the West Puget Sound region.  
The asterisk next to the species name indicates that the fish is not native to Washington State.  
This list should not be regarded as an exhaustive list of the species present.  Additionally, the 
Olympic Mudminnow, a State sensitive species, is endemic to Western Washington and prefers 
slow water and wetlands. It was historically found in the lowlands of Thurston and Mason 
counties at the southern end of the Western Puget Sound region (Rodrick and Milner 1991).   
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Table 8. Other non-salmonid freshwater species by WRIA within the West Puget 
Sound Region (WDFW 2003). 
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Speckled Dace   X X    
Salish Sucker SM    X   
Sculpin spp.      X X 
Prickly Sculpin   X X X X X 
Riffle Sculpin   X X X   
Reticulate Sculpin   X  X   
Shorthead Sculpin    X X   
Torrent Sculpin    X X   
Three-Spine Stickleback   X   X  
Pacific Lamprey  FCo  X X X X 
River Lamprey SC FCo   X   
Western Brook Lamprey   X X X X X 
Olympic Mudminnow SS  X     
Peamouth   X     
Brown Bullhead*    X    
Channel Catfish*   X X X X  
Sunfish spp*.      X X 
Crappie spp*   X X X X X 
Largemouth Bass*    X  X  
Smallmouth Bass*      X  
Yellow Perch*    X    
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive 
(SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these 
definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 

 
Status of Salmonid Stocks  

The State and Tribal Stock status for 79 stocks in the West Puget Sound region by drainage is 
shown in Table 9. 
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Table 9.  Puget Sound Salmon and Steelhead Stock List presented by River Basin 
(2002 SASI Report, 1998 Bull Trout Status Report).   

River Basin Species Stock Status 
Deep South Sound Tributaries  2002 
Hammersley Inlet  Summer Chum Healthy 
Case Inlet Summer Chum Healthy 
Blackjack Creek Summer Chum Healthy 
Henderson Inlet  Fall Chum Unknown 
Eld Inlet Fall Chum Healthy 
Totten Inlet Fall Chum Healthy 
Skookum Inlet Fall Chum Healthy 
Upper Skookum Creek Fall Chum Healthy 
Johns/Mill Creeks Fall Chum Healthy 
Goldsbourgh/Shelton Creeks S Fall Chum Depressed 
Case Inlet Fall Chum Healthy 
Carr Inlet Fall Chum Healthy 
Deep South Sound Tributaries Coho Healthy 
Eld Inlet Winter Steelhead Unknown 
Totten Inlet Winter Steelhead Unknown 
Hammersley Inlet Winter Steelhead Unknown 
Case/Carr Inlets Winter Steelhead Unknown 
Hood Canal Drainages  
Skokomish River Chinook Depressed 
Mid-Hood Canal Chinook Critical 
Big Beef Creek Summer Chum Extinct 
Anderson Creek Summer Chum Extinct 
Dewatto Creek  Summer Chum Extinct 
Tahuya River Summer Chum Extinct 
Union River Summer Chum Healthy 
Skokomish River Summer Chum Extinct 
Finch Creek  Summer Chum Extinct 
Lilliwap Creek Summer Chum Critical 
Hamma Hamma River Summer Chum Depressed 
Duckabush River Summer Chum Depressed 
Dosewallips River Summer Chum Depressed 
Big/Little Quilcene Summer Chum Depressed 
Northeast Hood Canal Fall Chum Healthy 
Dewatto Creek Fall Chum Healthy 
Southeast Hood Canal Fall Chum Healthy 
Lower Skokomish River Fall Chum Unknown 
Upper Skokomish River Late Fall Chum Healthy 
West Hood Canal Fall Chum Healthy 
Hamma Hamma River  Late Fall Chum Healthy 
Duckabush River Late Fall Chum Healthy 
Dosewallips River Late Fall Chum Healthy 
Quilcene Late Fall Chum Healthy 
Northeast Hood Canal Coho Healthy 
Dewatto Creek Coho Healthy 
Southeast Hood Canal Coho Healthy 
Skokomish River Coho Healthy 
Southwest Hood Canal Coho Healthy 
Hamma Hamma River Coho Unknown 
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Table 9.  Puget Sound Salmon and Steelhead Stock List presented by River Basin 
(2002 SASI Report, 1998 Bull Trout Status Report) (continued). 

River Basin Species Stock Status 
Duckabush River Coho Healthy 
Dosewallips River Coho Unknown 
Quilcene/Dabob Bay Coho Depressed 
Hamma Hamma River Pink Healthy 
Duckabush River Pink Depressed 
Dosewallips River Pink Depressed 
Skokomish River Summer Steelhead Unknown 
Duckabush River Summer Steelhead Unknown 
Dosewallips River Summer Steelhead Unknown 
Dewatto Creek Winter Steelhead Depressed 
Tahuya River Winter Steelhead Depressed 
Union River Winter Steelhead Unknown 
Skokomish River Winter Steelhead Depressed 
Hamma Hamma River Winter Steelhead Depressed 
Duckabush River Winter Steelhead Depressed 
Dosewallips River Winter Steelhead Depressed 
Quilcene/Dabob Bay Winter Steelhead Unknown 
South Fork Skokomish River Bull Trout/Dolly Varden Unknown 
Lake Cushman Bull Trout/Dolly Varden Healthy 
Upper NF Skokomsih River Bull Trout/Dolly Varden Unknown 
Juan De Fuca Strait – Admirality Inlet  
Dungeness River Chinook Critical 
Elwha River Chinook Depressed 
Chimacum Creek Summer Chum Extinct 
Snow & Salmon creeks Summer Chum Depressed 
Jimmycomelately Creek Summer Chum Critical 
Dungeness  River Summer Chum Unknown 
Dungeness& Strait Fall Chum Unknown 
Elwha River Fall Chum Unknown 
Chimacum Creek Coho Healthy 
Discovery Bay  Coho Critical 
Sequim Bay Coho Depressed 
Dungeness Rver Coho Unknown 
Morse Creek Coho Depressed 
Elwha River Coho Unknown 
Upper Dungeness River Pink Depressed 
Lower Dungeness River Pink Critical 
Elwha River Pink Critical 
Dungeness River Summer Steelhead Unknown 
Elwha River Summer Steelhead Unknown 
Discovery Bay Winter Steelhead Healthy 
Sequim Bay Winter Steelhead Unknown 
Dungeness River Winter Steelhead Depressed 
Morse Creek Winter Steelhead Depressed 
Elwha River Winter Steelhead Depressed 
Dungeness –Gray Wolf  Bull Trout/Dolly Varden Unknown 
Upper Dungeness Bull Trout/Dolly Varden Healthy 
Lower Elwha River Bull Trout/Dolly Varden Unknown 
Upper Elwha River Bull Trout/Dolly Varden Unknown 
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For Washington State and Tribal Stock Status, Healthy refers to a stock of fish experiencing 
production levels consistent with its available habitat and within the natural variations in survival 
for the stock; Depressed refers to a stock of fish whose production is below expected levels based 
on available habitat and natural variations in survival rates, but above the level where permanent 
damage to the stock is likely; Critical refers to a stock of fish experiencing production levels that 
are so low that permanent damage to the stock is likely or has already occurred; and Unknown 
refers to a stock of fish which has insufficient information to rate stock status. 

7.0 AMPHIBIANS 

The West Puget Sound region harbors 14 amphibian species, including the introduced bullfrog 
(Dvornich et al. 1997; McAllister 1995).  Of these 14 species, the largest assemblage (including 
the bullfrog) consists of 8 taxa that reproduce in stillwater habitats including lakes, oxbows, 
ponds, temporary pools, and other stillwater wetlands.  Stillwater habitats are largely 
dichotomously split between high-elevation lakes and ponds, and lower elevations habitats 
associated with the riparian margins of larger stream or riverine systems.  Since a large proportion 
of the lowland habitat has been altered or lost (see Floodplain Conditions and Wetland Conditions 
Section), significant impact to stillwater amphibians is presumed.  Lowland habitats are also 
inhabited by introduced warmwater species (bullfrogs, catfish, and sunfish, see Table 8), and 
interactive facilitation may promote their survival (Adams et al. 2003) and contribute to negative 
effects on native amphibians (Adams 1999).  Of the remaining six native amphibian species, three 
(ensatina, Van Dyke’s salamander, and western red-backed salamander) reproduce in terrestrial 
habitats and the remaining three (Cope’s giant salamander, coastal tailed frog and Olympic 
torrent salamander) reproduce largely in headwater streams, springs, or seeps (Table 10).   

Three headwater species (coastal tailed frog, Cascades torrent salamander, and Van Dyke’s 
salamander) are Forest Practices HCP-covered taxa (Table 10).  All three species occur within the 
Olympic Mountains, but are absent from the Puget Lowlands.  Known distributions may be 
conservative as no systematic surveys, either to understand distribution or to determine status 
(i.e., surveys of historic sites), have been performed in the region. 

Regardless of the incomplete knowledge of the regional distribution of these species, all three 
may be at some level of risk because sedimentation has the potential to substantially reduce their 
instream habitat (Bury 1983, Bury and Corn 1988, Corn and Bury 1989).  Timber harvest, which 
can result in significant sedimentation (Beschta 1978, Jakob 1999), occurs over a large part of the 
West Puget Sound region where they occur (see Habitat Trends section).  Nevertheless, the 
precise nature of the risk in this region is currently unknown. 

Table 10.  Forest and Fish Amphibians of the West Puget Sound Region. 
 Habitat 

Active Season 

Group Name Breeding 
Non-

Breeding 
Over-

wintering Regional Distribution 

Frogs 
Coastal tailed frog  
Ascaphus truei 

Streams Streams Terrestrial widespread but absent from 
WRIA 15 

Van Dyke’s salamander  
Plethodon vandykei 

Terrestrial Terrestrial Terrestrial Largely restricted to upper 
elevations of WRIA 16 

Salamanders Olympic torrent 
salamander 
Rhyacotriton olympicus 

Streams Streams Terrestrial Known only from WRIAs 
16-18 
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Although not covered under this Forest Practices HCP, seven other amphibians (namely 
northwestern salamander [Ambystoma gracile], long-toed salamander [Ambystoma 
macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla regilla], northern red-legged 
frog [Rana aurora], Cascades frog [Rana cascadae] and rough-skinned newt [Taricha 
granulosa]) may receive some protection as a result of Forests and Fish patch buffer 
prescriptions.  Two of these species, western toad and Cascades frog, have State watchlist 
(special concern) status (WDFW 2001).  Both species have declined elsewhere in their 
geographic ranges (Carey 1993, Fellers and Drost 1993), but their status in the West Puget Sound 
region is unknown.  Development and hydrological alteration may have resulted in habitat loss 
for western toads at low elevations. 
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1.0 PHYSICAL DESCRIPTION 
The Islands region includes two WRIAs (San Juan WRIA 2, and Island WRIA -6).  These two 
WRIAs lack extensive freshwater habitat, but have considerable nearshore habitat.  The Island 
region includes San Juan and Island Counties.  A map of the Islands region is presented in 
Figure 1. 

The region has a marine climate characterized by mild, wet winters and cool, dry summers.  
Average annual precipitation ranges from 25 inches in the San Juan Islands. 

General Geology 

Due to gentle slopes and low relief in the Islands region, erosion is low relative to other planning 
regions.  Mass wasting is generally limited to two landforms.  The first includes inner gorges 
associated with incised stream channels where debris avalanches and short run-out debris flows 
sometimes occur.  The second area includes coastal bluffs where shallow-rapid (i.e., debris 
avalanches and debris flows) and deep-seated landslide processes deliver sediment to marine 
waters.  Surface erosion is rare except in cases where soils have been heavily disturbed or 
compacted. 

Stream Overview 

The Islands region has no major rivers and has a relatively low stream density. Based on the DNR 
stream hydrography GIS coverage, there are approximately 1,009 stream-miles (both fish-bearing 
and non-fish streams) in the Olympic Coast region, with an average stream density of 2.62 stream 
miles/mile2 (Table 1). 

 
Table 1.  Stream Miles in the Islands Region by WRIA1/ 

 
WRIA 02  
San Juan 

WRIA 06  
Island Total Islands Region 

Stream Length (miles) 523 486 1,009 
    
Stream Density 
(miles/mi2) 2.97 2.32 2.62 

    
 1/ Primary Data Source: DNR stream hydrography GIS layer.  Stream miles include all mapped Type 1-9 streams.  
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2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Only about 4 percent of all lands in the Islands region are in Federal ownership and only about 1 
percent of all lands are being managed for long-term preservation by the national wildlife refuges 
and parks (Table 2).  Most of the Federal lands (3 percent of all lands) are under management at 
the Whidbey Island Naval Air Station. None of the lands are under Tribal management.  State 
lands represent about 10 percent of all lands in the region, and city/county lands represent less 
than 0.5 percent.  The vast majority of lands in the Islands region are in private ownership (85 
percent).  The San Juan and the Island WRIAs (WRIAs 2 and 6) have almost the same percentage 
in private ownership (85 to 86 percent). 

Land Cover and Use 

Forestland makes up approximately 73 percent of the Islands region (Table 3).  It is more 
prevalent in the San Juan WRIA (78 percent) than in the Island WRIA (69 percent).  Agricultural 
uses make up approximately 17 percent of the region, and are about equally prevalent in the two 
WRIAs.  Residential and commercial uses make up the next largest percentage (6 percent), with 
more development in the Island WRIA and less in the San Juan WRIA. 

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 3 percent of the forestlands in the Islands region are in Federal ownership, none is 
in Tribal ownership, 12 percent are in State ownership, and 86 percent are in private or other 
ownership (Table 4).  A Federal or State status of preservation or limited management covers 
approximately 6 percent of the forestlands in the region.  Approximately 2 percent of the 
forestlands are available for Federal or Tribal timber management.  State timber management 
may occur on approximately 6 percent of the forestlands, and 86 percent of the forestlands are in 
private, county, or city ownership, where timber management may occur.  Overall, lands covered 
by the forest practices rules represent approximately 92 percent of the forestlands in the region 
(see Figure 1, which displays these lands).  Existing HCPs cover about 32 percent of the State-
managed lands, but none of the private, county, and city ownerships.  The percentage of 
forestlands that are subject to the forest practices rules ranges from 90 percent in the San Juan 
WRIA to 93 percent in the Islands WRIA.  

Small, 20-acre exempt forest landowners make up about 1 percent of the forestlands and about 
1.1 percent of the forestlands subject to forest practices rules in the Islands region, based on an 
analysis done only in the San Juan WRIA by Rogers (2003).  Although this analysis may 
represent an underestimate, it is believed to have identified the majority of all small, 20-acre 
exempt parcels (personal communication, Luke Rogers, Rural Technology Initiative, University 
of Washington, May 2004).  

Approximately 497 stream miles occur on lands subject to forest practices rules in the Islands 
region (Table 5).  This represents 49 percent of all streams in the region.  Approximately 340 
miles or 68 percent of the 497 stream miles on lands subject to forest practices rules are estimated 
to be fish-bearing stream miles (based on existing water typing and gradient analysis on sample 
areas).  The percentage of all streams on small, 20-acre exempt forest landowner parcels in this 
region is estimated to be less than 1 percent (Rogers 2003). 
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4.0 HABITAT LIMITING FACTORS 

The natural characteristics of the Islands region (WRIAs 02 and 06) are directly affected by 
human population and land use.  Island County is the second smallest but second fastest growing 
county in Washington State.  Lands zoned for forest management (44.5 km2) and agriculture 
(18.6 km2) comprise 12 percent of Island County land.  About 55 percent of those lands have 
been developed.  Currently, no known quantitative information exists concerning the riparian 
zones for streams or estuaries within WRIA 6 (Island).  From a regional standpoint, the islands’ 
major contribution to salmon productivity is its nearshore habitat.  Nearshore habitats are 
important for migrating adult salmon.  The Islands region nearshore environment includes 
numerous estuaries and salt marches and provides important habitat for spawning herring and 
other species that are food for salmonids.  Much of the shoreline in Island and San Juan counties 
(WRIAs 2, 6) have been developed for single family homes and other development associated 
with recreational and leisure activities.  Shoreline residential development is a greater concern in 
Island County, than for San Juan County.  Such development often results in removal of trees 
along with shade and bank stability, and bulkhead bank armoring resulting in reduction of beach 
sand recruitment.  Septic tanks often leak and affect water quality (WSCC 2000).  Only 20 
percent of the San Juan Island (WRIA 2) and Eastern Juan De Fuca Strait shoreline is considered 
modified, which is significantly better than the mainland shorelines (Berry 1997, as cited in 
WSCC 2002).  Although these islands have no self sustaining runs of anadromous salmonids 
(WSCC 2002), nearshore habitats in these islands are important for various salmon runs from the 
Frasier (Canada), Nooksack, Skagit, Stilliguamish, and Snohomish Rivers.   

Most of WRIA 6 streams are intermittent or ephemeral, and generally do not provide a sufficient 
flow of water to support salmonids.  A few streams on Whidbey Island (Maxwelton and Glendale 
Creeks) are presumed to flow year-around and to support small populations of resident salmonids.  
These perennial streams are fed by year-around springs and forested wetlands.  Ten more sub-
basins have been identified as having the potential to provide salmonid habitat.  Coho and chum 
are known to occur in freshwater streams on Whidbey Island.   

Fish access is a major limiting factor in WRIA 6, though not yet identified as significant for 
anadromous fish.  Culverts, tide gates, and dikes are the main structures impeding or preventing 
fish passage.  A few small dams are also present.  Low stream flow or temperature conditions can 
also function as barriers to fish passage, especially during the summer (WSCC 2000). 

Water Quality Issues 

Although high temperatures have been documented in a few streams in WRIA 2, there is no 
continuous monitoring or multi-year record of temperature problems.  None of the streams in 
WRIAs 2 or 6 are considered to be impaired for temperature, turbidity or fine sediments (WDOE 
2004).  Several creeks are considered to be impaired by non-pollutants: for fish habitat in WRIAs 
2 and 6, and for instream flow in WRIA 6. 

THE FOLLOWING NEW TEXT REFLECTS PUBLIC COMMENTS ON THE DEIS 

5.0 HABITAT TRENDS 

No systematic fish and wildlife habitat inventories are known to have been conducted within San 
Juan or Island Counties.  However, other limited general information exists on historical land use 
and habitat characteristics.  Agriculture has been an important land use in Island and San Juan 
Counties, although other counties have a greater proportion of land devoted to agricultural uses.  
Island County now considers its housing stock to be its “largest long-term capital asset.”  
Residential development encompasses much of the Island County shoreline and is expanding into 
rural and forested areas (WSCC 2000).  Residential development in San Juan County tends to be 
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concentrated along shorelines (although the shorelines are not as extensively developed as in 
Island County) and in upland areas with views (WSCC 2002).  

Numerous salt marshes, lagoons, tidal flats, and accretion beaches are found along the shorelines 
of the islands in Island and San Juan Counties.  Within Island County, virtually all shoreline 
habitat has been extensively altered by human development (WSCC 2000).  The majority of the 
marine shoreline in San Juan County is, however, still intact and supports linked processes and 
functions (WSCC 2002).  Between the mid-1800s and 1990, 71 percent of the tidal marshes 
throughout Puget Sound were lost (Thom and Hallum 1991). The losses in Puget Sound and in 
Island County are primarily associated with agriculture. During early European settlement, the 
coastal areas of Puget Sound were often the centers of human activities, and agriculture was the 
primary land use. Tidal marshlands were diked, ditched, and drained to create arable farmlands, 
and they were also used as pasture. Coastal agriculture lands were deliberately isolated from 
natural tidal and freshwater flooding processes. The result of past and current land and water uses 
has been the near elimination of pristine coastal wetlands in Puget Sound (Kunze 1984). The 
coastal salt marshes and estuaries of Whidbey and Camano Islands also suffered. Many of these 
sites still exist but are much smaller and highly modified due to human land use changes (WSCC 
2000). 

Before European settlement in Island County, forests were dominated by mixed Douglas-fir, 
western hemlock, and western red cedar trees.  Many of the trees in the old-growth forests were 
up to six feet in diameter.  Most of these trees have been logged or burned. Second- or third-
growth Douglas-fir, mixed red alder (Alnus rubra) and thick underbrush now dominate the 
remaining forested areas. Other common trees and shrubs include Oregon white oak (Quercus 
garryana), salmonberry (Rubus spectabilis) rhododendron (Rhododendron macrophyllum), 
Oregon grape (Mahonia nervosa var. nervosa), red huckleberry (Vaccinium parvifolium), and 
salal (Gaultheria shallon) (WSCC 2000).  In San Juan County as well, extensive logging during 
the late 1890s and the early portion of the twentieth century removed most of the valuable old-
growth timber.  

Few industrial forest holdings are left in Island County.  The larger forest reserves are managed 
as State parks or Federal reserve areas.  A large percentage of the existing forested land exists in 
small parcels, many of which are associated with farmland or residential development. Most of 
the logging that is occurring is associated with land conversion for residential development 
(WSCC 2000). 

END OF NEW TEXT 

6.0 FISH RESOURCES 

The following fish species (Table 6) occur in the Islands region.  This list should not be regarded 
as an exhaustive list of the species present (WDFW 2003, Wydoski and Whitney 2003).  No 
systematic stream survey and genetic analysis for all salmonid species within the region has yet 
been conducted.  Neither has any systematic survey of salmonid use of nearshore and estuarine 
habitats.  However, state and tribal studies have documented use of nearshore habitat by chum, 
pink, chinook, coho, sockeye, steelhead and char (WSCC 2000, 2002). 
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Table 6.  Fish species present by WRIA within the Islands Region (WDFW 2003, 
Wydoski and Whitney 2003) 

Species St
at

e 
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1/
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 0
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Resident Cutthroat Trout  FCo  X 
Sea run Cutthroat Trout  FCo X  
Coho Salmon   X X 
Rainbow Trout    X 
Sculpin Pacific Staghorn    X 
Pacific Sand Lance   X X 
Pacific Herring   X X 
Surf Smelt   X X 

1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive 
(SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these 
definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 

 
Status of Salmonid Stocks 

The State and Tribal Stock status for salmon found in the Islands region is shown in Table 7.  No 
self sustaining runs exist in WRIA 2 (San Juans, WSCC 2002), and evidence of recent returns in 
Island County (WRIA 6) are anecdotal (WSCC 2000). 

In Table 7, the State and Tribal Stock Status of Unknown refers to a stock of fish, which has 
insufficient information to rate stock status. 

7.0 AMPHIBIANS   

Within the Islands region, no Forest Practices HCP-covered amphibian species are known to 
occur.  Although not proposed for coverage under this Forest Practices HCP, six other 
amphibians (namely northwestern salamander [Ambystoma gracile], long-toed salamander 
[Ambytoma macrodactylum], western toad, Pacific treefrog [Hyla regilla], northern red-legged 
frog [Rana aurora], and rough-skinned newt [Taricha granulosa]) are known to occur within the 
Islands region.  These species may receive some protection as a result of Forests and Fish patch 
buffer prescriptions.  The western toad has State watch list (special concern) status (WDFW 
2001).  It has declined elsewhere in its geographic range (Carey 1993), but its status in the Islands 
region is unknown.   

Table 7.  Salmon and Steelhead Stock List presented by River Basin for the Islands 
Region (2002 SASI Report). 

River Basin Species Stock Status 
Islands (WRIAs 02 and 06) 
Orcas Island Coho Unknown 
Whidbey Island Coho Unknown 
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OLYMPIC COAST 
REGIONAL SUMMARY 

 

1.0 PHYSICAL DESCRIPTION 

The Olympic Coast region includes three WRIAs (19, 20, and 21).  Major stream systems include 
the Hoko, Pysht, Sekiu, Soleduc, Hoh, Quillayute, Queets, Copalis, Quinault and Clearwater 
River Basins, as well as other smaller tributaries.  Portions of Clallam, Jefferson, Gray’s Harbor, 
and Mason Counties are contained within the Olympic Coast region.  A map showing the WRIAs 
of the Olympic Coast region is provided in Figure 1. 

The Olympic Coast region includes the western portion of the Olympic Mountains physiographic 
province (Lasmanis 1991) and extends west to the Pacific Ocean and north to the Strait of Juan de 
Fuca.  Elevations range from sea level to almost 8,000 feet.   

General Geology 

The Olympic Mountains, in the eastern half of this region, have experienced geologically rapid 
uplift, forming mountains up to 2,400 meters (approximately 7900 feet) in elevation.  Rapid 
uplift, recent alpine glaciation and the highest precipitation in the continuous 48 states have 
resulted in mountainous landscape with long and very steep hillslopes.  Natural rates of erosion 
are very high.  Since the retreat of alpine glaciers, natural mass wasting has been the primary 
mechanism of erosion. 

In the western portion of the region, uplift has been slower.  The landscape is composed of hills 
of variable height separated by very wide glacial outwash and alluvial valleys.  Hills are the 
dominant feature along the Strait of Juan De Fuca, while the coastal areas to the south are a mix 
of hills and valleys.  These valleys are very wide, a geologic legacy of extensive erosion and 
glacial and alluvial deposition primarily from the Olympic Mountains.  The hills are composed of 
moderately to highly weathered marine sandstones and other marine sedimentary rocks.  
Numerous active faults have fractured and weakened this bedrock in many areas.  Crescent basalt 
supports some of the higher foothills. 

Information concerning erosion processes in the Olympic planning region has been extracted 
from the following watershed analyses:  Sol Duc in WRIA 20 (WDNR 1995e); and Hoko in 
WRIA 19 (Hanson Natural Resources Company 1995).  

Mass wasting is the dominant erosion process in the Olympic planning region.  Results of 
watershed analyses indicate debris avalanches, debris flows, and debris torrents are the most 
common landslide types.  Most debris avalanches initiate in convergent topography such as 
bedrock hollows, headwalls, channel heads and inner gorges.  Over 90 percent of debris 
avalanches in the Hoko watershed administrative unit (WAU) originated in these four landforms; 
70 percent of these landslides delivered sediment to streams. 

Deep-seated landslides are somewhat common and are typically associated with glacial sediments 
or structurally weak bedrock.  Surface erosion is not a common erosion process and is limited to 
areas of disturbed or compacted soils. 
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General Hydrology 
The region has a marine climate characterized by mild, wet winters and cool, dry summers.  
Persistent coastal fog is common during the summer.  Average annual precipitation ranges from 
65 inches along the Strait of Juan de Fuca to almost 200 inches at higher elevations in the 
Olympic Mountains.  Most of the precipitation falls as rain at lower elevations while snow is the 
dominant form of precipitation above 4,000 feet.  The region receives more than 75 percent of its 
annual precipitation from October through March. 

The region contains multiple rivers, all of which originate in the Olympic Mountains.  The Hoko 
and Pysht rivers flow north into the Strait of Juan de Fuca while the Sol Duc, Hoh, Queets, and 
Quinault flow west into the Pacific Ocean.  Fall and winter rain events produce peak flows in the 
Hoko and Pyhst rivers.  In higher elevation basins such as the Sol Duc, Hoh, Queets, and 
Quinault rivers, peak flows result both from rain and rain-on-snow precipitation events.  Smaller 
magnitude peak flows in higher elevation basins sometimes result from spring snowmelt.  Low 
flows generally occur during late summer or early fall.  Based on the DNR stream hydrography 
GIS coverage, there are approximately 14,959 stream-miles (both fish-bearing and non-fish 
streams) in the Olympic Coast region, with an average stream density of 5.45 stream miles/mile2 

(Table 1).  
 
Table 1.  Stream Miles in the Olympic Coast Region by WRIA1/ 

 
WRIA 19 Lyre-

Hoko 
WRIA 20  
Soleduc 

WRIA 21  
Queets-Quinault 

Total Olympic 
Region 

 
Stream Length 
(miles) 

      1,986       7,131       5,842      14,959 

     
 
Stream Density 
(miles/mi2) 

        5.17         5.96         5.02         5.45 

     
 1/  Primary Data Source: DNR stream hydrography GIS layer.  Stream miles include all mapped Type 1-9 streams.  
 
 
2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 41 percent of all lands in the Olympic Coast region are in Federal ownership and 
the majority of these (representing 30 percent of all lands) are being managed for long-term 
preservation, primarily in national parks, national recreation areas, and wildernesses (Table 2).  
Another large portion of these Federal lands is being managed by the Forest Service outside of 
wilderness (11 percent of all lands); a substantial portion of these non-wilderness National Forest 
System lands is being managed under a very limited management status (e.g., LSRs, Managed 
LSAs, AMAs, or Riparian Reserves) according to the Northwest Forest Plan.  Other Federal 
agencies manage only a very small percentage of the remainder (<0.1 percent of all lands).  Tribal 
lands represent about approximately 13 percent of the region; they consist mostly of the Quinault, 
Ozette, Quileute, Hoh, Makah,  Indian Reservation in WRIA 21, roughly half and the Makah 
Indian Reservation and Lower Elwah S’Klallam Indian Reservations in WRIAs 19, 20, and 
21.and roughly half the Makah Indian Reservation, the Ozette Indian Reservation, the Quileute 
Indian Reservation, and the Hoh Indian Reservation in WRIA 20.  along with several smaller 
reservations.    State lands (primarily under management for timber production) represent 18 
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percent of all lands in the region, private lands represent 27 percent, and city/county lands 
represent less than 0.5 percent. 

Generally the upper portions of the basins are in Federal ownership in Olympic National Park and 
Forest, and the lower basins are in private ownership.  The Lyre-Hoko WRIA (19) is 53 percent 
in private ownership, 4 percent in Tribal ownership, and 19 percent in Federal ownership.  In 
contrast, the Queets-Quinault WRIA (21), 13 percent in private ownership, 27 percent in Tribal 
ownership, and 43 percent in Federal ownership. 

Land Cover and Use 

Forestland makes up approximately 95 percent of the Olympic Coast region (Table 3).  Water and 
wetlands and ice, snow and bare rock each comprise 2 percent. The percent forestland is almost 
constant among the WRIAs of this region, ranging from 95 to 96 percent. 

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 41 percent of the forestlands in the Olympic Coast region are in Federal  
ownership, 14 percent are in Tribal ownership, 18 percent are in State ownership, and 27 percent 
are in private or other ownership (Table 4).  A Federal or State status of preservation or limited 
management covers approximately 41 percent of the forestlands in the region.  Approximately 14 
percent of the forestlands are available for Federal or Tribal timber management.  State timber 
management may occur on approximately 18 percent of the forestlands, and 27 percent of the 
forestlands are in private, county, or city ownership, where timber management may occur.  
Overall, lands covered by the forest practices rules represent approximately 45 percent of the 
forestlands in the region (see Figure 1, which displays these lands).  Existing HCPs cover the vast 
majority (98 percent) of the State-managed lands, but none of the private, county, and city 
ownerships.  The percentage of State lands under an HCP ranges from 95 percent in WRIA 19 to 
100 percent in WRIA 21.  WRIA 19 has 76 percent of its lands subject to the forest practices 
rules.  This percentage drops to 30 percent under WRIA 21.  

Small, 20-acre exempt forest landowners make up about 0.3 percent of the forestlands and about 
0.7 percent of the forestlands subject to forest practices rules in the Olympic Coast region, based 
on the analysis by Rogers (2003).  Although this analysis may represent an underestimate, it is 
believed to have identified the majority of all small, 20-acre exempt parcels (personal 
communication, Luke Rogers, Rural Technology Initiative, University of Washington, May 
2004).  The small landowner parcels are mainly found in the lower elevation lands, especially 
along the major rivers.  The highest percentage (about 0.8% of the forestland) is in the Lyre-Hoko 
WRIA (19) and the lowest percentage (0.2%) is in the Queets-Quinault WRIA (21). 

Approximately 7,480 stream miles occur on lands subject to forest practices rules in the Olympic 
Coast region (Table 5).  This represents 50 percent of all streams in the region.  Approximately 
4,773 miles or 64 percent of the 7,480 stream miles on lands subject to forest practices rules are 
estimated to be fish-bearing stream miles (based on existing water typing and gradient analysis on 
sample areas).  The percentage of all streams on small, 20-acre exempt forest landowner parcels 
in this region is estimated to be about 0.4 percent and the percentage of all fish-bearing streams 
on small, 20-acre exempt forest landowner parcels is about 0.8 percent (Rogers 2003). 
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4.0 HABITAT LIMITING FACTORS 

Primary Regional Factors 

The Olympic Mountains are largely within the Olympic National Park.  Extensive temperate 
rainforests interspersed mostly at higher elevations with alpine meadows, rock, glaciers and 
snowfields characterize the area.  Timber harvest or road construction is limited in extent.  As the 
Olympic Mountains are substantially preserved within the National Park, they are not extensively 
discussed herein. 

The western portion of the region is mostly rainforest, and much of it has been subject to timber 
harvest at least once.  Extensive clearcut timber harvest along the Strait of Juan de Fuca started in 
the 1900’s.  The harvest of old growth stands continued into the 1980s in parts of the Hoh, Queets 
and Quinault basins, where visible impacts still linger.  In general, the timber harvest started later 
here than in other regions of western Washington.  Heavy rainfall and remoteness from existing 
urban areas has discouraged agricultural and residential development; however, small towns and 
communities are scattered throughout the region.  Most of the lands outside the Olympic National 
Park and USFS Wilderness Areas are managed for timber.  Historic timber harvest, road 
construction and forest fires have had substantial impacts on salmon habitat (WSCC 1999, 2000, 
2001).  Contemporary forest practices are more sensitive to salmon habitat and wildlife habitat in 
general; however, the climate and geology of the region make these efforts challenging.  

Sedimentation/Mass Wasting 

In the Olympic Mountains, the natural incidence of shallow rapid landslides (SRLSs) is high, and 
the limited forestry that has occurred has triggered many more (WDNR 1999), creating severe 
downstream impacts.   

The valleys of the western portion of the region lack the hillslope gradients for mass wasting, 
except along river channels where banks and high terraces are prone to collapse.  While some 
stream bank collapse is natural, harvest of the riparian timber has removed the root strength 
needed to support banks, and contributed to sediment and the loss of very large LWD (whole 
tree) recruitment.  The decline of large in-channel LWD has caused channel incision in some 
places, which increases bank heights and the frequency of bank collapses (WSCC 1999, 2000). 

The quantity of natural and forestry-related SRLSs is very high in many of the higher foothills 
because of high hillslope gradients, high precipitation and weathered sandstones.  The SRLSs 
represent the most severe environmental impact in these areas.  However, the lower foothills such 
as the Dickey River drainage (WSCC 2000) and the Raft River (WDNR 2002a) are less sensitive 
to SRLSs.  Watershed analyses in this region have documented hundreds of SRLSs and debris 
torrents associated with forest roads and timber harvest.  While watershed analyses have targeted 
the watersheds with the worse history of mass wasting, the pattern is consistent, and most of these 
higher foothills appear to be vulnerable to SRLSs (WDNR 1995, 1996, 1997, 1998, 2002b; 
WSCC 1999, 2000).  A forest fire in 1951, likely initiated by humans, caused significant damage 
and numerous landslides in the North Fork Calawah Basin. 

The Salmon River Watershed Analysis in WRIA 21 (WDNR 2002b) noted several active and 
numerous potential deep-seated landslides (DSLSs).  Two types appear to exist.  One type forms 
on the outside of river meanders in the alluvial and glacial deposits in the valley, and the other 
forms in deep weathered rock on the higher hills.  Only a few other DSLSs were documented in 
the region.   

Besides mass wasting problems, forest roads in the sandstone foothills produce substantial 
amounts of fine sediment.  Cutslopes, ditches and fill slopes readily produce fine sediments, 
especially following construction or rehabilitation when they lack vegetative cover.  Fine 
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sediments from roads and mass wasting are identified as the most significant habitat limiting 
factor in all the western Strait of Juan de Fuca drainages (WSCC 1999), and this likely applies to 
all foothills with weathered sandstones and siltstones. 

Riparian/Floodplain and Wetland Conditions 

Limiting Factors Analyses (WSCC 1999, 2000, 2001) have noted that roadbed construction has 
confined the active channel in many floodplains.  Channel confinement prevents natural channel 
meander and LWD recruitment and blocks access to off-channel habitat, which has been clearly 
identified as important habitat for coho and other species in this region (Cederholm et al. 1988).  
Limiting Factors Analyses (WSCC 2000, 2001) described many floodplains in this region as 
being in poor condition.  Road construction has occurred as a result of timber harvest, residential 
development and public transportation. 

No large wetlands were noted in the regional literature.  The floodplains, and low gradient 
foothills (e.g., the Dickey River in the Sol Duc drainage) have many small wetlands; some of 
which are forested and some are open water.  Beaver play a role in creating many of these 
wetlands. Wetlands are important as hydrologic controls and, where accessible to fish, are 
important refugia during peak flows.  Road construction alters surface drainage and blocks fish 
access to some wetlands.  Wetland draining for agricultural and residential development has 
occurred, but the extent of the problem is poorly documented.   

Channel/Hydrology Conditions 

This region has no major hydropower dams or municipal water withdrawals.  Urban development 
is relatively sparse, and partially concentrated along the coastline where effects on freshwater 
channels are limited.  Agriculture is also limited in extent.  Rain-on-snow peak flows occur 
primarily on clearcuts above 1200 ft in elevation.  Some of the high foothills that are managed for 
timber have extensive stands above this elevation (WDNR 1995, 1996, 1998).  The extensive 
network of forest roads may contribute to increased peak flows by road ditches acting as an 
extension of the channel network, accelerating runoff and increasing the peak flows.  Cross-
drains and other BMPs may mitigate this effect, and local soil characteristics may vary the 
response.  The existence and severity of a road network effect is still subject to research and 
debate.  A detailed analysis of long term hydrological data from two gauges on the Quinault 
River found no evidence that human disturbance has affected peak flows (WDNR 1999).  
However, impacts may occur at small drainage scales. 

Estuarine and Nearshore Habitat 

Estuaries throughout this region are naturally smaller comparable to drainages in Puget Sound 
and Southwest Washington, and may explain the lack of significant chum runs in this region.  
High marine hillslope gradients, currents, heavy wave action, and geologically recent continental 
glaciation in the Strait of Juan de Fuca have not been conducive to the formation of large deltas 
and associated estuaries.  However, small estuaries occur at the mouths of most rivers and 
streams.  A number of the Strait of Juan de Fuca estuaries have recently been disturbed by 
substantial mass wasting deposits, caused both by forest practices and by natural processes.  Road 
construction has constrained tidal and floodwater circulation in some of these small estuaries, 
such as Salt Creek and Soes River (WSCC 1999, 2000), reducing rearing habitat for juvenile 
salmon that are in transition to the ocean. 

In WRIA 19 and WRIA 20, the nearshore habitat is substantially composed of rocky substrates 
with occasional sand or gravel beaches.  The rocky nearshore areas support extensive kelp beds.  
While many kelp beds provide cover for adult and possibly juvenile salmon, evidence linking 
salmonid survival rates with kelp beds is currently lacking.  In WRIA 21 (Queets, Quinault, 
Moclips, Copalis drainages) sandy beaches prevail, although rock outcrops are still common.  
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The shorelines in this region are extensively protected by parks and tribal lands.  Although the 
beaches in southern WRIA 21 have experienced some residential and recreational development, 
the nearshore habitat is in good condition compared to other regions. 

Large Woody Debris  

The recruitment of LWD has been impacted by past riparian forest harvest and, on lands 
converted to other uses, the failure to re-establish these riparian forests following harvest.  The 
retention of in-channel LWD has been impacted by its removal for navigational and misguided 
habitat enhancement efforts, dikes and levee interference and debris torrents.   

In the Olympic Mountains and the higher foothills, landslides are the primary means of LWD 
recruitment, although riparian adjacent recruitment is still important.  High gradients and 
precipitation results in very high peak flows, which readily transports smaller wood.  In the large 
floodplain channels, very large conifer LWD with attached rootwads is required to achieve LWD 
functions (Abbe and Montgomery 1996).  Dikes and levees are not extensive in this region; 
however, floodplain roadbeds are more prevalent and can reduce LWD recruitment by 
constraining channel meander and recruitment by bank erosion (WSCC 1999, 2001).  Old growth 
harvest occurred in the 1970s and 1980s in parts of the Hoh, Queets and Quinault drainages, 
leaving no riparian buffers, or inadequate riparian buffers (WDNR 1999; WSCC 1999, 2001).  
These impacts are relatively recent, thus these basins have a long path to LWD recovery.  Alder 
regeneration following riparian timber harvest is a significant impact to future LWD recruitment 
throughout this region (WSCC 1999, 2000, 2001).  Reed canary grass was identified as a factor 
preventing the regeneration of riparian forests (WSCC 1999). 

Fish Passage Barriers 

Limiting Factors Analyses (WSCC 2000) provide a thorough list of culverts that are partial or 
complete barriers to fish passage in WRIA 20.  These fish passage barriers represent various land 
ownership and land uses.   

The Olympic Coast region has no major hydropower developments. 

Water Quality Issues 

High water temperatures have been documented in many locations, typically at lower elevations 
(WSCC 1999, 2000, 2001).  Some of these exceedances are natural, either the result of an 
upstream lake, a wide channel, or in one case, a geological formation.  In other situations, riparian 
harvest and canopy reduction, as a result of mass wasting, contributed to high water temperatures.  
Alder riparian stands were frequently mentioned as a contributing factor.  Alder lacks the tree 
height and the foliage density of conifers, and does not provide the same shade.  One case of a 
fish kill resulting from high water temperature and low dissolved oxygen has been documented. 

Turbidity from mass wasting and road surface erosion was also identified as a water quality issue 
in several Strait of Juan de Fuca (WRIA 19) streams.  Specifically, Deep Creek is impaired due to 
fine sediment from a mass wasting event.  Waters impaired due to high temperatures in WRIA 19 
include Deep Creek, the Clallam River and the Sekiu River (WSCC 1999).  

A number of coastal streams in WRIA 20, including the Big River and the Soleduck River, were 
found to have low pH.  This appears to be largely natural, although the accumulation of cedar 
wastes from cedar bolt cuttings may be locally significant (WSCC 2000).   WRIA 20 also has 
several waters that are considered impaired for temperature.  These include the Bogachiel River, 
Dickey River, and Soleduck River. 

Limiting Factors Analyses (WSCC 1999, 2000, 2001) make no mention of industrial pollution, 
and only one other case of development-related pollution.  A municipal wastewater treatment 
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facility in the southern part of WRIA 21 was believed to be contributing to a dissolved oxygen 
condition in Joe Creek, a small independent drainage. 

No TMDL studies have been conducted in this region.  The state list of impaired waters, in 
compliance with Section 303(d) of the Clean Water Act, lists waters that do not meet water 
quality standards or fully protect beneficial uses (see 
http://www.ecy.wa.gov/programs/wq/303d/index.html).  Impairments to parameters in this 
region, such as temperature, turbidity, and dissolved oxygen, may be related to past forest 
practices or other land uses.   

5.0 HABITAT TRENDS  

Potentially unstable landforms are routinely identified and mapped.  However long-term trends of 
landslide activity are difficult to systematically measure, because events are often separated by 
years or decades.  At this point, no reliable data exists in this region on the long-term trend of 
landslide events. 

Direct measure of in-channel fine sediment is costly and impractical because very large sample 
sizes are necessary to achieve statistical significance.  Therefore, the watershed analysis 
methodology (WFPB 1997) and the more recent Road Maintenance and Abandonment Plans 
(RMAP) focus on measuring fine sediment before it enters the channel.  This method measures 
surface erosion for the tread surface, cutslope, ditchline and fillslope, based on road use, soil type, 
vegetative cover, gradient, water routing and other factors.  No recent independent assessments of 
forest road maintenance have been made in Washington State or the Olympic Coast region.  

Habitat trends in LWD and Shade can be determined, given the following three assumptions:  
1) riparian stand conditions can adequately represent recovery of current and future LWD and 
shade; 2) riparian stand conditions can be determined from contemporary aerial photographs; 
and 3) most riparian buffers on non-Federal lands were historically harvested; thus, the current 
riparian condition represents a state of recovery.  It is important to note that forestlands make up 
approximately 95 percent of the Olympic Coast region.  Forty-one percent of that forestland is 
under Federal or State protection, and 27 percent is under private management (See Tables 3 
and 4). 

On a large scale, meaningful trends can be determined, based on two photometric studies.   

A dataset used by Lunetta et al. (1997) was made available from Cosentino (personal 
communication, Brian Cosentino, WDFW, 2003), which allowed isolation of data from the 
Olympic Coast WRIAs (Table 6).  ‘Response reaches’ were generally defined by Lunetta et. al. as 
the lower gradient (< 4 percent) habitat where most of the anadromous fish production occurs.  
Table 6 shows that 16 percent7 of the response reach riparian buffers (RRRBs) were classified as 
late seral stage.  Nearly 4 percent of the RRRBs were unforested, primarily as a result of urban 
and agricultural development.  This is the lowest of any of the Western Washington regions.  
Likewise, 64 percent of the RRRBs are either mixed or conifer dominated, the highest of any 
Western Washington region.   

One notable statistic is that 48 percent of the RRRBs is in either early- or mid-seral stages, the 
highest of any Western Washington region.  Two potential reasons probably account for this.  
First, timber harvest in much of this region occurred later than in other parts of the state.  Second, 

                                                           
7 ‘Late Seral’ Stands should not be confused with ‘Old Growth Stands.’  ‘Late Seral’ as defined by Lunetta 
et al (1997) means the conifer crown cover is >70% and more than 10% of the crown cover in trees are 
greater than 21 inches diameter breast height (dbh).  Thus, ‘Late Seral’ can include some mature second 
growth conifer stands. 
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riparian buffers in this region remained in forestry use, whereas forestlands in other regions were 
often converted to agricultural and urban land uses following harvest. 

The percent of riparian buffers defined as ‘other forestlands,’ 31 percent, is similar to other 
regions.  Marshall and Associates (2000) estimated that approximately 55 percent8 of the private 
and tribal fish-bearing riparian buffers were alder-dominated.  Since Lunetta et al. (1997) 
included Federal forestlands in their survey, and much of this Federal land is old-growth in the 
Olympic National Park, this would suggest that most of this ‘other forestland’ is hardwood-
dominated.  Although Lunetta et al. (1997) and Marshall and Associates (2002) had different 
metrics and objectives, they appear to compliment each other on the issue of hardwoods. 

In summary, the Olympic Coast region has benefited from a lower rate of agricultural and urban 
development along streams and rivers.  Because old-growth timber harvest in this region occurred 
later than in other regions, many of the conifer-dominated and mixed riparian stands are at an 
earlier stage of post-harvest recovery.  Similar to other regions, a significant part of the harvested 
riparian stands regenerated as hardwoods, placing these stands on a much longer pathway to 
LWD recovery. 
 
Table 6.  Percent of response reach riparian buffers by WRIA for the Olympic 
Coast Region.  [See Lunetta et al. (1997) for description of data.]  
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WRIA or Basin Name 
Lyre- Hoko (WRIA 19) 3.5% 40.7% 1.9% 48.1% 0.0% 5.8%
Sol Duc-Hoh (WRIA 20) 17.6% 26.7% 9.9% 40.1% 1.3% 4.4%
Queets-Quinault (WRIA21) 17.0% 26.8% 33.5% 19.3% 0.6% 2.8%
 
Total response reach riparian acres 14869 26226 18972 28925 791 3540
Region total percentage 15.9% 28.1% 20.3% 31.0% 0.8% 3.8%
 

                                                           
8 This study used regional definitions that overlap the regional definitions used herein.  The actual figures 
used in this study were 51% for the ‘South Puget Sound’ Region, and 57% for the ‘North Coast’ Region.  
These two regions are roughly the same as the combined Olympic Coast, West Puget Sound and South 
Puget Sound regions as defined in this report.  Marshall and Assoc. found relatively little variation in 
hardwood stand percentages on private lands throughout western Washington. 
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5.0 FISH RESOURCES 

Salmonid Stocks 

All anadromous salmonid species are present in the Olympic Coast region.  Bull trout are 
Federally listed as threatened in the region.  Table 7 lists salmonids that occur in the Olympic 
Coast region.  The asterisk next to the species name indicates the species is introduced and not 
native to Washington State. 

The Pygmy Whitefish is a non-game salmonid species, which is listed as State sensitive.  The 
Pygmy Whitefish rears in Lake Crescent in the Lyre River drainage. 

Table 7.  Salmonid species present by WRIA within the Olympic Coast Region 
(WDFW 2003). 
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Resident Cutthroat Trout  FCo  X X 
Searun Cutthroat Trout  FCo X X X 
Pink Salmon   X  X 
Chum Salmon   X X X 
Coho Salmon   X X X 
Rainbow Trout   X X X 
Summer Steelhead   X X X 
Winter Steelhead   X X X 
Ozette Lake Sockeye Salmon  FT X X X 
Kokanee Salmon   X X X 
Fall Chinook Salmon   X X X 
Spring Chinook Salmon    X X 
Dolly Varden/Bull Trout SC FT  X X 
Mountain Whitefish    X X 
Pygmy Whitefish SS  X   
Lake Whitefish     X 
Brook Trout*   X X  
Lake Trout*   X  X 

*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State 
Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more 
details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 

 
Other Fish Species 

Table 8 is a list of non-salmonid freshwater species that exist in the Olympic Coast region.  The 
asterisk next to the species name indicates that the fish is not native to Washington State.  This 
list should not be regarded as an exhaustive list of the species present.  There is one sensitive non-  
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Table 8. Non-salmonid freshwater fish species by WRIA in the Olympic Coast 
Region (WDFW 2003, Wydoski and Whitney 2003). 
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Longnose Dace     X 
Speckled Dace   X X X 
Pacific Lamprey  FCo X X X 
Western Brook Lamprey   X X X 
Olympic Mudminnow SS   X X 
Northern Pikeminnow    X  
Peamouth    X X 
Largescale Sucker     X 
Prickly Sculpin     X 
Riffle Sculpin   X X X 
Reticulated Sculpin   X X X 
Shorthead Sculpin   X X X 
Torrent Sculpin   X X X 
Three-Spine Stickleback     X 
Redside Shiner   X X X 
Channel Catfish*     X 
Sunfish spp*.   X X X 
Pumpkinseed*    X  
Crappie spp*   X  X 

*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State 
Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for 
more details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – 
ESA Candidate, FCo – Federal species of concern. 

 
salmonid freshwater species in this region, the Olympic Mudminnow.  The Olympic Mudminnow 
(endemic to Western Washington) prefers slow water and wetlands, and is found in lowlands of 
Grays Harbor and western Jefferson counties (Rodrick and Milner 1991). The Pacific Lamprey is 
listed as a Federal species of concern. 

Status of Salmonid Stocks  

The State and Tribal Stock status of 96 stocks in the Olympic Coast region is shown in Table 9. 
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Table 9.  Olympic Coast Salmon and Steelhead Stock List presented by River Basin 
(2002 SASI Report, 1998 Bull Trout Status Report).   

River Basin Species Stock Status 
Western Juan De Fuca – WRIA 19  
Hoko River Fall Chinook  Depressed 
Lyre River  Fall Chum Unknown 
Deep Cr, East and West Twin Fall Chum Depressed 
Pysht River Fall Chum Healthy 
Hoko-Clallam-Sekiu Fall Chum Unknown 
Salt Creek  Coho Healthy 
Lyre River Coho Unknown 
Pysht-Twin-Deep Coho Healthy 
Clallam River  Coho Healthy 
Hoko River Coho Healthy 
Sekiu-Sail Rivers Coho Healthy 
Salt Creek/Independents Winter Steelhead Healthy 
Lyre River Winter Steelhead Unknown 
Pysht River Winter Steelhead Healthy 
Clallam River Winter Steelhead Unknown 
Hoko River Winter Steelhead Healthy 
Sekui River Winter Steelhead Unknown 
Sail River Winter Steelhead Unknown 
Soleduc River – WRIA 20   
Sooes River Fall Chinook Unknown 
Quillayute-Soleduc River Spring Chinook Healthy 
Quillayute-Soleduc River Summer Chinook Unknown 
Quillayute-Soleduc River Fall Chinook Healthy 
Quillayute-Bogachiel River Summer Chinook Healthy 
Quillayute-Bogachiel River Fall Chinook Healthy 
Quillayute-Dickey River Fall Chinook Unknown 
Quillayute-Calawah River Summer Chinook Healthy 
Quillayute-Calawah River Fall Chinook Healthy 
Hoh River Spring-Summer Chinook Healthy 
Hoh River Fall Chinook Healthy 
Sooes River Fall Chum Unknown 
Ozette River Fall Chum Unknown 
Quillayute River Fall Chum Unknown 
Hoh River Fall Chum Unknown 
Sooes-Waatch Coho Unknown 
Ozette River Coho Unknown 
Quillayute-Sol Duc River Summer Coho Healthy 
Quillayute-Sol Duc River Fall Coho Healthy 
Quillayute-Dickey River Fall Coho Healthy 
Quillayute-Bogachiel River Fall Coho Healthy 
Quillayute-Calawah River Fall Coho Healthy 
Hoh-Goodman&Mosquito Cr Coho Unknown 
Hoh River Coho Healthy 
Lake Ozette  Sockeye Unknown 
Lake Pleasant Sockeye Healthy 
Sooes-Waatch Winter Steelhead Unknown 
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Table 9.  Olympic Coast Salmon and Steelhead Stock List presented by River Basin 
(2002 SASI Report, 1998 Bull Trout Status Report) (continued). 

River Basin Species Stock Status 
Ozette River Winter Steelhead Unknown 
Quillayute-Bogachiel River Summer Steelhead Unknown 
Quillayute-Bogachiel River Winter Steelhead Healthy 
Quillayute-Dickey River Winter Steelhead Healthy 
Quillayute-Sol Duc River Summer Steelhead Unknown 
Quillayute-Sol Duc River Winter Steelhead Healthy 
Quillayute-Calawah River Summer Steelhead Unknown 
Quillayute-Calawah River Winter Steelhead Healthy 
Hoh –Goodman Creek Winter Steelhead Healthy 
Hoh River Summer Steelhead Unknown 
Hoh River Winter Steelhead Healthy 
Quillayute River Bull Trout/Dolly Varden Unknown 
Hoh River Bull Trout/Dolly Varden Unknown 
Queets Quinault Basin  WRIA 21  
Queets River Spring-Summer Chinook Depressed 
Queets River Fall Chinook Healthy 
Queets-Clearwater River Spring-Summer Chinook Critical 
Queets-Clearwater River Fall Chinook Healthy 
Quinault River Spring-Summer Chinook Depressed 
Quinault River Fall Chinook Healthy 
Quinault- Cook Creek Fall Chinook Unknown 
Queets River Fall Chum Unknown 
Quinault River Fall Chum Unknown 
Kalaloch Creek Coho Unknown 
Queets River Coho Healthy 
Queets-Clearwater River Coho Healthy 
Queets Salmon River Coho Healthy 
Raft River Coho Unknown 
Quinault River Coho Unknown 
Quinault- Cook Creek Coho Unknown 
Moclips River Coho Unknown 
Copalis River Coho Unknown 
Lake Quinault Sockeye Healthy 
Kalaloch Creek Winter Steelhead Unknown 
Queets River Summer Steelhead Unknown 
Queets River Winter Steelhead Healthy 
Queets River Summer Steelhead Unknown 
Queets River Winter Steelhead Healthy 
Raft River Winter Steelhead Unknown 
Quinault River Summer Steelhead Unknown 
Quinault River Winter Steelhead Healthy 
Quinault-Quinault Lake  Winter Steelhead Depressed 
Moclips River Winter Steelhead Unknown 
Copalis River Winter Steelhead Unknown 
Queets River Bull Trout/Dolly Varden Healthy 
Quinault River Bull Trout/Dolly Varden Unknown 
Moclips River Bull Trout/Dolly Varden Unknown 
Copalis River Bull Trout/Dolly Varden Unknown 
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For State and Tribal Stock Status, Healthy refers to a stock of fish experiencing production levels 
consistent with its available habitat and within the natural variations in survival for the stock; 
Depressed refers to a stock of fish whose production is below expected levels based on available 
habitat and natural variations in survival rates, but above the level where permanent damage to 
the stock is likely; Critical refers to a stock of fish experiencing production levels that are so low 
that permanent damage to the stock is likely or has already occurred; and Unknown refers to a 
stock of fish which has insufficient information to rate stock status. 

7.0 AMPHIBIANS 

The Olympic Coast region harbors 14 amphibian species, including the introduced bullfrog 
(Dvornich et al. 1997; McAllister 1995).  Of these 14 species, the largest assemblage (including 
the bullfrog) consists of 8 taxa that reproduce in stillwater habitats including lakes, oxbows, 
ponds, temporary pools and other stillwater wetlands.  Stillwater habitats are split between high-
elevation lakes and ponds, and lower elevations habitats associated with the riparian margins of 
larger streams or rivers.  Unlike other regions, riverine riparian habitat has not been nearly as 
extensively altered in the Olympic Coast region; thus stillwater amphibians are not likely 
impacted to the extent of more urbanized regions.  Lowland stillwater habitats in the region are 
also much less impacted by introduced warmwater species (bullfrogs, catfish and sunfish, see 
Table 8), which may have negative effects on native amphibians (Adams 1999).  For example, 
bullfrogs have only one known location of introduction. 

Of the remaining six native amphibian species, three species (ensatina, Van Dyke’s salamander, 
and western red-backed salamander) reproduce in terrestrial habitats and the remaining three 
species (Cope’s giant salamander, coastal tailed frog and Olympic torrent salamander) reproduce 
in headwater streams, springs, or seeps (Table 10). 

Three species (coastal tailed frog, Cascades torrent salamander, and Van Dyke’s salamander) are 
Forest Practices HCP-covered taxa (Table 10).  Of the three species, Van Dyke’s salamander 
appears to have spotty distribution.  However, all three species have been the subject of 
systematic surveys to determine their distribution in Olympic National Park (Adams and Bury 
2002) and on US Forest Service lands (L. Jones, M. Raphael, pers. comm. 2002), and except for 
Van Dyke’s salamander, seem broadly distributed.  Unpublished US Forest Service studies 
indicate that all three species occur at lower densities in the Olympic Coast region timber 
harvested landscape, and that Van Dyke’s salamander may be at risk (personal communication, 
Larry Jones and Martin. Raphael, U.S. Forest Service, 2002).  All three species may be at some 
level of risk because sedimentation can substantially reduce instream habitat (Bury 1983, Bury 
and Corn 1988, Corn and Bury 1989); and timber harvest, which can result in significant 
sedimentation (Beschta 1978, Jakob 1999), occurs over most of the Olympic Coast region where 
these two species occur.  However, the local and regional nature of this risk within the Olympic 
Coast region is largely unknown for all three species. 

Although not covered under this Forest Practices HCP, seven other amphibians (namely 
northwestern salamander [Ambystoma gracile], long-toed salamander [Ambystoma 
macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla regilla], northern red-legged 
frog [Rana aurora], Cascades frog [Rana cascadae] and rough-skinned newt [Taricha granulosa]) 
may receive some protection as a result of Forests and Fish patch buffer prescriptions.  Two of 
these species, western toad and Cascades frog, are State watchlist (special concern) species 
(WDFW 2001).  Both species have declined elsewhere in their geographic ranges (Carey 1993, 
Fellers and Drost 1993), but their status in the Olympic Coast is unknown.   Limited urban and 
agricultural development in the region increases the likelihood that these species are safe.  Some 
evidence exists for disappearance of Cascades frog at lower elevations on the Olympic Peninsula, 
but the basis of this pattern is unclear (personal communication, Kelly McAllister, WDFW. 
comm. 1985).
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Table 10.  Forest and Fish Amphibians of the Olympic Coast Region. 

Habitat 
Active Season 

Group Name Breeding
Non-

Breeding 
Over-

wintering Regional Distribution 

Frogs 
Coastal tailed frog  
Ascaphus truei 

streams streams terrestrial widespread in streams in 
sufficient gradient 

Van Dyke’s salamander  
Plethodon vehiculum 

terrestrial terrestrial terrestrial Known occurrence spotty, 
mostly mid to high elevations  

Salamanders 
Olympic torrent salamander 
Rhyacotriton olympicus 

streams streams terrestrial widespread 
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SOUTHWEST WASHINGTON  
REGIONAL SUMMARY 

 

1.0 PHYSICAL DESCRIPTION 

The Southwest Washington region includes three WRIAs (22, 23, and 24).  Major stream systems 
include the Naselle, Elochoman, Hoquiam, Satsop, Chehalis, North and Willapa River Basins, as 
well as other smaller tributaries.  Portions of Gray’s Harbor, Thurston, Pacific, Lewis, and 
Cowlitz Counties are contained within the Southwest Washington region.  A map of  the 
Southwest region is provided in Figure 1.  

The region includes portions of four physiographic provinces:  the Olympic Mountains, the 
Willapa Hills, the Puget Lowland, and the Southern Cascades (Lasmanis 1991).  Elevations range 
from sea level to approximately 3,500 feet.   

General Geology 

The primary surface features of this region are the ‘coastal hills’ (including the Willapa Hills, 
Black Hills and south Olympic foothills) and the Chehalis Valley.    The coastal hills are currently 
one of the key timber producing areas of the State.  Most of the coastal hills in the region are low 
in elevation (100 to 1000 m).  Geologically, this region has been formed by gradual uplift, with 
the oldest rocks being about 57 million years old.  These rocks have not been exposed to either 
continental or alpine glaciations.  A key consequence of this is that the softer and highly 
weathered rocks that have not been removed by glaciers are still very much present and 
widespread (mostly marine sedimentary and volcanic rock).  In many areas, the rock decomposes 
directly into sand and silt, and therefore, spawning habitat can be in short supply.  Easily erodable 
geology and heavy rainfall results in relatively short steep hillslopes and low gradient stream 
channels. 

The Chehalis Valley is a wide valley that drains portions of the Olympic Mountains, Cascade 
foothills, Black Hills and Willapa Hills.  The northern and western extents of the Chehalis River 
valley are influenced by continental glaciation.  At the maximum extent of the continental 
glaciation, huge moraine deposits and meltwater outwash areas formed along the southern 
margins of the Puget Sound.  At times, this meltwater drained through the Chehalis Valley.  
While the moraine material is rich in fines, it also provides gravel and boulders of hard rock, 
resulting in better spawning substrate than in other areas of the coastal hills.   

The Southwest Washington region also contains small sections of the Olympic Mountains (upper 
reaches of the Wynoochee, Humptulips and Satsop Basins), two watersheds in the Cascade 
foothills (Skookumchuck and Newuakum basins), and smaller coastal river floodplains scattered 
around Grays Harbor and Willapa Hills.  The issues concerning the Olympic Mountains are 
identical to those discussed on the Olympic Coast and West Puget Sound regions, and are not 
reiterated in this section.  The Cascade foothills within this region exhibit most of the same 
characteristics and problems as the coastal foothills, and are not discussed separately in this 
section.   

Information concerning erosion processes in the Southwest planning region has been extracted 
from the following watershed analyses:  Chehalis Headwaters (Weyerhaeuser Company 1994a); 
Willapa Headwaters (Weyerhaeuser Company 1994b); Vesta-Little North (Weyerhaeuser 
Company 1995).  
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Erosion in the Southwest planning region is dominated by mass wasting.  Debris avalanches, 
debris flows, and debris torrents are by far the most common mass wasting processes.  In the 
Chehalis Headwaters WAU, 93 percent of inventoried landslides were classified as either debris 
avalanches or debris flows while in both the Vesta-Little North and Willapa Headwaters WAUs, 
these processes comprised 92 percent of all landslides.  Due to the uninterrupted nature of most 
slopes and high stream densities, a large majority of landslides deliver sediment to streams (81 
percent in the Willapa Headwaters WAU).  Due to the low topographic relief in the Willapa Hills 
portion of the planning region, debris torrents typically travel short distances relative to the 
Southern Cascades where slope and channel conditions support longer run-out lengths.  Most 
debris avalanches originate in bedrock hollows, convergent headwalls, channel heads, and inner 
gorges.   

Surface erosion from hillslopes is uncommon and typically does not contribute significant 
amounts of sediment to streams. 

General Hydrology 

The region has a marine climate characterized by mild, wet winters and warm, dry summers.  
Persistent coastal fog is common during the summer.  Average annual precipitation ranges from 
40 inches in the Puget Lowland to nearly 100 inches in the Willapa Hills.  Nearly all of the 
precipitation falls as rain with snow occurring infrequently.  The region receives more than 75 
percent of its annual precipitation from October through March. 

The Chehalis River drains much of the Southwest region and flows into Grays Harbor at the town 
of Aberdeen.  The region also contains several smaller river basins including the Humptulips, 
North, Willapa, and Naselle.  The Humptulips River is tributary to Grays Harbor while the others 
flow into Willapa Bay.  Because these rivers drain relatively low elevation watersheds, peak 
flows result almost exclusively from high-magnitude rainfall events that occur during fall and 
winter.  Low flows occur in late summer or early fall. Based on the DNR stream hydrography 
GIS coverage, there are approximately 28,607 stream-miles (both fish-bearing and non-fish 
streams) in the Southwest Washington region, with an average stream density of 7.91 stream 
miles/mile2 (Table 1). This is the highest stream density among the 12 regions of the State, and 
reflects the high rainfall of the region, but also the fact that stream surveys are probably more 
complete in this region of the State. 
 
Table 1.  Stream Miles in the Southwest Washington Region by WRIA1/ 

 

WRIA 22  
Lower 

Chehalis 
WRIA 23 

Upper Chehalis 
WRIA 24 
Willapa 

Total Southwest 
Washington 

Region 
 
Stream Length 
(miles) 

      8,607        9,903      10,097      28,607 

     
 
Stream Density 
(miles/mi2) 

        6.54          7.63       10.09         7.91 

     
 1/  Primary Data Source: DNR stream hydrography GIS layer.  Stream miles include all mapped Type 1-9 streams.  
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2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 6 percent of all lands in the Southwest Washington region are in Federal 
ownership and 1 percent of all lands are being managed in a Federal long-term preservation 
status, primarily in national parks, national wildlife refuges, and wildernesses (Table 2).  Most of 
the remaining 5 percent of Federal lands is being managed by the Forest Service outside of 
wilderness; a substantial portion of these non-wilderness National Forest System lands is being 
managed under a very limited management status (e.g., LSRs, Managed LSAs, AMAs, or 
Riparian Reserves) according to the Northwest Forest Plan.  Other Federal agencies manage only 
a very small percentage of the remainder (0.1 percent of all lands).  Tribal lands represent less 
than 1 percent of the region.  State lands (primarily under management for timber production) 
represent 14 percent of all lands in the region, private lands represent 78 percent, and city/county 
lands represent about 1 percent. 

Private lands dominate the entire region, except for the northern portion of the Lower Chehalis 
WRIA and a coastal strip along the western boundaries of the Lower Chehalis and Willapa 
WRIAs.  Private ownership is most prevalent in the Willapa WRIA (85 percent) and least 
prevalent in the Lower Chehalis WRIA (74 percent). 

Land Cover and Use 

Forestland makes up approximately 89 percent of the Southwest Washington region, ranging 
from 84 percent in the Upper Chehalis WRIA to 91 percent in the Willapa WRIA (Table 3).  
Agricultural lands comprise 6 percent of the region, and they are particularly prevalent in the 
river valleys of the Upper Chehalis WRIA, where they make up 13 percent of the WRIA. 
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3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 6 percent of the forestlands in the Southwest Washington region are in Federal  
ownership, 0.1 percent are in Tribal ownership, 15 percent are in State ownership, and 79 percent 
are in private or other ownership (Table 4).  A Federal or State status of preservation or limited 
management covers approximately 7 percent of the forestlands in the region.  Less than 1 percent 
of the forestlands are available for Federal or Tribal timber management.  State timber 
management may occur on approximately 14 percent of the forestlands, and 79 percent of the 
forestlands are in private, county, or city ownership, where timber management may occur.  
Overall, lands covered by the forest practices rules represent approximately 93 percent of the 
forestlands in the region (see Figure 1, which displays these lands); this is the highest percentage 
among the regions of the State with substantial forestland acreage.  Existing HCPs cover the vast 
majority (87 percent) of the State-managed lands, and a small portion (9 percent) of the private, 
county, and city ownerships.   

The overall percentage of forestlands subject to the State forest practices rules ranges from 83 
percent in the Lower Chehalis WRIA to 99 percent in the Upper Chehalis WRIA.  The overall 
percentage covered by an HCP ranges from 14 percent in the Willapa WRIA to 27 percent in the 
Lower Chehalis WRIA.  

Small, 20-acre exempt forest landowners make up about 0.8 percent of the forestlands and about 
0.8 percent of the forestlands subject to forest practices rules in the Southwest Washington 
region, based on the analysis by Rogers (2003).  Although this analysis may represent an 
underestimate, it is believed to have identified the majority of all small, 20-acre exempt parcels 
(personal communication, Luke Rogers, Rural Technology Initiative, University of Washington, 
May 2004).  The small landowner parcels are mainly found in the lower elevation lands, 
especially along the major rivers.  The highest percentage (about 1% of the forestland) is in the 
Upper Chehalis WRIA and the lowest percentage (0.4%) is in the Willapa WRIA. 

Approximately 24,654 stream miles occur on lands subject to forest practices rules in the 
Southwest Washington region (Table 5).  This represents 86 percent of all streams in the region.  
Approximately 13,820 miles or 56 percent of the 24,654 stream miles on lands subject to forest 
practices rules are estimated to be fish-bearing stream miles (based on existing water typing and 
gradient analysis on sample areas).  The percentage of all streams on small, 20-acre exempt forest 
landowner parcels in this region is estimated to be about 0.7 percent and the percentage of all 
fish-bearing streams on small, 20-acre exempt forest landowner parcels is about 1 percent 
(Rogers 2003). 
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4.0 HABITAT LIMITING FACTORS  

Primary Regional Factors 

Fine sediment is the key limiting factor in much of the coastal hill drainages (WDNR 1996a).  
Landslides and unpaved roads are both significant contributors (WDNR 1994, 1996b, 1997b, 
1997c, 1997d).  The coastal foothills are one of the most landslide sensitive areas of the State.  
LWD is especially important in these channels because of the deficiency of armoring substrates.  
Beaver thrive in the low gradient channels that are typical of the foothills, and beaver dams can 
play a significant positive role in moderating the extremes of water flow and fine sediment 
routing, but beaver ponds can exacerbate water temperature problems. 

Urbanization, and agricultural development have impacted the Chehalis Valley and, to a lesser 
degree, the smaller coastal valleys.  Fine sediment from bank erosion is a significant problem 
(WSCC 2001).  Water temperatures routinely exceed State water quality standards in the Chehalis 
River mainstem and wider tributaries (WDOE 2001).  While these water temperatures are 
partially a result of a naturally wide channel and a low elevation, deficient riparian buffers on 
agricultural and urban lands affect many smaller tributaries.  This loss of cold temperature refugia 
may have a severe impact on salmonid production in the region.  

Sedimentation/Mass Wasting 

The coastal hills are the most landslide-sensitive areas of the State because of the highly 
weathered marine sedimentary and volcanic bedrock.  The degree of sensitivity depends on the 
underlying bedrock formation and the elevation of the hills.  However, most of the underlying 
bedrock decays directly to sand, silt and/or clay, providing weak hillslope support, and providing 
little or no large substrate to armor the stream channels (WDNR 1996a).  Heavy precipitation has 
also been conducive to erosion and landslides.  The geological consequences of highly weathered 
marine sedimentary and volcanic bedrock and heavy precipitation are relatively short steep 
hillslopes and low gradient stream channels.  Most of the watershed analyses inventoried 
hundreds of shallow rapid landslides (SRLSs), including 1,100 landslides in one (WDNR 1997c) 
and 675 landslides in another (WDNR 1994, also see WSCC 2001 for Newaukum watershed 
information, WDNR 1996b, 1997b, 1997c, 1997d).  Only the Palix Watershed landslide 
inventory recorded less than 100 SRLSs (WDNR 1997a).  Forest roads, and to a lesser extent, 
clearcut harvesting on steep slopes, helped trigger most of these landslides.  Lands prone to 
SRLSs are often managed for forestry, because they are unsuitable for most other uses.  It should 
also be noted that the watershed analysis process targeted watersheds with a history of problems, 
especially mass wasting.  Thus, this selection of Watershed Administrative Units (WAUs) may be 
biased with regard to regional landslide frequency.   

Deep-seated landslides (DSLSs) and slumps occur in certain geological formations, and are 
scattered throughout the coastal foothills (WDNR 1994, 1995, 1996b, 1997a, 1997d). 

Landslides are not a factor in the Chehalis Valley; however, streambank erosion is a problem in 
some areas and a significant source of fine sediment.  Loss of riparian forests to agricultural and 
urban land uses is a primary cause of stream bank erosion.  Increased peak flows from loss of soil 
permeability may also be a factor (WSCC 2001). 

The underlying geology and heavy rainfall in the coastal foothills results in sensitivity to road 
surface erosion.  Unpaved forest and rural residential roads require significant maintenance to 
minimize sediment delivery to channels.  In some areas, hard rock for road surfacing is difficult 
to find (e.g. Vesta-Little North, WDNR 1997), and the next best available material must be used 
for road surfaces.  This has led to extensive gravel mining of river alluvium in the Humptulips 
and Hoquiam River basins, and has contributed to other fish habitat impacts (WSCC 2001).  
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Lower gradients in the Chehalis Valley minimize surface erosion from unpaved roads; however, 
there may be pockets of locally significant surface erosion. 

Riparian, Floodplain and Wetland Conditions  

Historical old-growth timber harvest removed riparian trees.  In the Southwest Washington 
region, this harvest practice started in the early 1860s and was substantially completed by the 
1960s.  Subsequent agricultural and urban conversion permanently altered riparian vegetation in 
the river valleys, leaving either no trees, or a thin band of trees.  The riparian zone along many 
agricultural areas are now dominated by alder, invasive canary grass and blackberry, and provide 
substantially reduced shade and LWD recruitment.  It is difficult or impossible for native conifer 
to re-establish in buffers with these vegetative characteristics.  The limiting factors reports 
(WSCC 1999, 2001) made frequent note of the deficiencies in riparian buffers on agricultural and 
urban lands.  A photometric study by Lunetta et al. (1997) suggests that functional riparian 
buffers in agricultural and urban areas are substantially lacking (See habitat trends below). 

For those riparian areas that remained in timber production, riparian stands harvested prior to 
1972 were often allowed to regenerate naturally, although riparian harvest since 1972 has 
benefited from mandatory conifer regeneration requirements.  Since the soils in many riparian 
areas are moist, hardwoods currently dominate most of the riparian buffers that are forested (See 
habitat trends discussion below). 

The Chehalis Valley floodplain has seen extensive conversion to agricultural land use.  
Streambank damage and erosion by livestock are scattered throughout the region (WSCC 2001).  
Agricultural activity has also occurred in the floodplains of smaller coastal rivers, including the 
Humptulips, Wynoochee, Satsop and Willapa valleys.  The Chehalis Valley has also experienced 
industrial and urban development near the river mouth (Cosmopolis) and in the upper valley 
(Chehalis and Centralia).  Rural residential development has occurred on the flatter and more 
accessible land throughout this region. 

Limiting Factors Analyses (WSCC 1999, 2001) don’t mention extensive pre-Euro-amercian 
freshwater wetlands in the main river valleys, such as the Chehalis.  It is unclear whether this is 
an oversight, lack of historic information, or that freshwater wetlands were not very extensive in 
comparison to the Puget Sound River valleys.  Small valleys in the coastal foothills contain many 
small wetlands along low gradient channels.  Beaver thrive in these small low gradient channels, 
and most of these wetlands are a result of beaver dams (WDNR 1996b, WDNR 1997a). 

Channel/Hydrology Conditions 

Medium-sized dams currently exist on the Wynoochee River and Skookumchuck River.   These 
capture the sediment and contribute to channel incision and bedrock dominated  channels 
downstream.  Gravel supplementation is currently occurring at the Wynoochee Dam.  Both the 
Wynoochee Dam and the Skookumchuck Dam use storage to enhance summer flows (WSCC 
2001). 

The widespread agricultural and urban conversion in the Chehalis Valley has reduced the 
percolation of precipitation into the soil, and has likely contributed to scour and stream bank 
erosion. 

Loss of forest canopies can substantially increase peak flow events because of what is referred to 
as ‘rain-on-snow’ runoffs, which occur when heavy warm rain falls on a snow pack.  However, 
this region generally lacks extensive areas above 1,200 feet, necessary to accumulate heavy snow 
packs.  The Stillman Creek drainage and south Olympic foothills are the only areas in the region 
high enough in elevation to trigger this concern (WDNR 1995, 1997c). 
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The extensive network of forest roads may contribute to increased peak flows.  Road ditches may 
act as an extension of the channel network, accelerating runoff and increasing the peak flows.  
Cross-drains and other BMPs may mitigate this effect, and local soil characteristics may vary the 
response.  The existence and severity of road network effect is still subject to research and debate 
(Whemple 1994). 

Estuarine and Nearshore Habitat 

The Southwest Washington region has two large estuaries, Grays Harbor and Willapa Bay.  
Willapa Bay is one of the leading oyster producing estuaries in the nation, and Grays Harbor is 
also a major producer.  

Grays Harbor differs from Willapa Bay in that industrial and urban developments are much more 
extensive, mostly associated with forest products.  It is also a major industrial port.  In the 1980s, 
paper mill wastes were identified as a significant contributor to the low survival of Chehalis River 
coho.  Much of this has been cleaned-up, however other industrial toxic discharges, and the 
storage of toxins in sediments from historic industries remain a concern and may affect the 
survival of juvenile salmonids.  Roughly 30 percent of the Grays Harbor estuary (presumably 
both inter-tidal marshes and mudflats) has been lost to industrial and urban development, 
including containment of dredge spoils.  The environmental condition of the outer harbor is 
indeterminable.  Marine water quality standards for temperature and dissolved oxygen have been 
exceeded, but these violations appear to be natural (WSCC 2001). 

Willapa Bay is the most undeveloped large estuary in Washington State.  Several towns and 
fishing ports exist around the margins; however, major industries are lacking.  The economy is 
largely based on natural resource extraction (timber, fishing, agriculture and oysters) and some 
tourism.  Draining and diking for livestock production have reduced inter-tidal marshes by 
roughly 25 percent in the north end of the Bay (North, Willapa and Palix estuaries) and less than 
5 percent in the south bay area (Nemah, Naselle and Bear estuaries)  (WSCC 1999). 

Exotic Spartina has invaded both estuaries and is subject to ongoing eradication efforts.  This 
grass can easily invade the open mudflats and drastically change the appearance of the bay.  It is 
unclear what effect this would have on salmon production (WSCC 1999, 2001). 

The coastal nearshore area in this region is composed of mostly sandy beaches. The beaches have 
not experienced much modification in historic times, nor have they been identified as critical for 
salmonid habitat. 

Large Woody Debris 

The recruitment of LWD has been impacted by past riparian forest harvest and, on lands 
converted to other uses, the failure to re-establish these riparian forests following harvest.  While 
near-term recruitment ranges from 60 to 80 percent in the Upper Skookumchuck, West Satsop, 
Palix, and Fall River watersheds (WDNR 1995, 1996a, 1997a, 1997b), the outlook for long-term 
LWD recruitment is good on most stream reaches in the region.  In addition, 64 percent of the 
Chehalis Headwaters is categorized as having good near-term LWD recruitment potential 
(WDNR 1994).   

The retention of in-channel LWD has been impacted by its removal for navigational purposes, 
dikes and levee interference, debris torrents, and its historic removal as a misguided fisheries 
management tool.   

Fifty-two percent of riparian stands on private lands in southwest Washington are dominated by 
hardwoods (Marshall and Associates 2000).  Hardwoods do not grow to the size of conifer, and 
rot quickly.  Thus, they are not as useful as conifer for LWD.  However, hardwoods, especially 



 
 

Final EIS A-135 Southwest Washington 
  Regional Summary 

Appendix A  
alder, are an important source of nitrogen, which may be more important in the small channels 
that don’t readily flush leaf-litter (Wipfli and Gregovich 2002). 

The high frequency of landslides and sediment input from other sources, and the lack of large 
substrate (gravel, cobble and boulders), make LWD input important for maintaining fish habitat.  
The scour around large LWD creates pools and spawning habitat, where gravel is present.  
Beavers are the other significant factor in this region.  As noted above, they thrive in the smaller 
low gradient channels common in the coastal foothills.  Beavers actively recruit LWD and build 
small dams, creating large ponds and trapping fine sediment.  Thus, the beavers perform many of 
the functions of LWD recruited by other methods (WDNR 1996b, 1997a).  One issue of notable 
regional interest is the widespread use of splash-dams to transport timber downstream to mills 
between 1890 and 1920.  All logjams were systematically removed prior to the start of log drives.  
Splash dams of various sizes released pulses of high velocity water periodically to facilitate log 
transportation.  The locations of over 130 splash dams were documented by Wendler and 
Deschamps (1955).  River transportation of timber did severe damage to fish habitat.  This 
included the loss of stable logjams, obstructing upstream passage, removal of riparian trees and 
vegetation, extensive bank damage, streambed scour and channel incision.  By the 1920s, river 
transportation ceased in favor of rail and road transportation, and many dams were abandoned.  In 
the 1930s, most of the remaining dams were destroyed to restore fish passage (Wendler and 
Deschamps 1955).  Residual habitat effects from river transportation still persist. 

Fish Passage 

Limiting Factors Analyses (WSCC 2001) documented hundreds of known and potential culvert 
blockages in the Chehalis Basin.  However in the past decade, fish passage through forestry, 
agricultural and urban road culverts has been an area of renewed interest and funding.   

The Wynoochee River Dam has upstream and downstream fish passage facilities.  The 
downstream passage facilities are still only partially effective (DeMond pers. comm. 2003); 
however, self-sustaining runs of coho and other species return to the upper river.  The 
Skookumchuck Dam has upstream passage facilities, which are used to pass steelhead above the 
dam.  

Water Quality Issues 

Many river and stream segments throughout this region do not meet state water quality standards 
for temperature.  Dissolved oxygen water quality violations are also relatively widespread.   

Natural factors have contributed to the water temperature problem, including low elevations 
throughout the region, wide channels, low water velocity, lack of heat exchange with the 
streambed as a result of widespread fine sediment, and numerous beaver ponds (WSCC 1999, 
2001).  In addition, agricultural and urban development has reduced the riparian canopy 
throughout most of the river valleys.  Livestock has removed shade and trampled vegetation.  In 
the past decade, there have been extensive efforts to fence livestock out of riparian buffers.  
National Park and National Forest lands are limited to the far upper end of the Wynoochee, 
Satsop and Humptulips Basins (Southern Olympics).  As a result, there are almost no old-growth 
riparian buffers remaining.  Roughly half the second growth riparian buffers are alder-dominated, 
which lack the height to provide shade on larger channels.  While some recovery can be 
accomplished to protect riparian buffers and allow trees to grow, this region is naturally sensitive 
to shade.  (Also see Rashin and Graeber, 1992.) 

In WRIA 22, the Upper Humptulips River has a TMDL for temperature (Peredney 2001).   

In addition to temperature, low dissolved oxygen is a problem in the Black River and central 
Chehalis River (WRIA 23), where water is deep, and velocity is slow.  The Upper Chehalis River 
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and its tributaries have TMDLs for temperature (WDOE, 2001) and for dissolved oxygen 
(Jennings and Pickett 2000).  A significant fish kill has occurred in the Black River.  Nutrients 
from agricultural and industrial sources have contributed to the problem (WSCC 2001).   

The Willapa River, North River and some tributaries (WRIA 24) are impaired due to high 
temperatures.  The Willapa River is also impaired due to low dissolved oxygen (WSCC 1999).  

Chemical use in forestlands is substantially limited to herbicide applications to suppress alder, 
maple, and brush competition during early phases of conifer forest regeneration.  There are no 
regional factors to suggest that impacts from herbicides would be different from other regions in 
Washington State. 

The State list of impaired waters, in compliance with Section 303(d) of the Clean Water Act, lists 
waters that do not meet water quality standards or fully protect beneficial uses (see 
http://www.ecy.wa.gov/programs/wq/303d/index.html).  Impairments to parameters in this 
region, such as temperature, turbidity, and dissolved oxygen, may be related to forest practices or 
other land uses.     

5.0 HABITAT TRENDS 

Potentially unstable landforms are now routinely identified and mapped.  However, long-term 
trends of landslide activity are difficult to systematically measure because events causing 
landslides are often separated by years or decades from the actual triggering of the landslide.  At 
this point, no reliable data exists on the long-term trend of landslide events. 

Direct measure of in-channel fine sediment is costly and impractical, because very large sample 
sizes are necessary to achieve statistical significance.  Therefore, the watershed analysis 
methodology (WFPB 1997) and the more recent Road Maintenance and Abandonment Plans 
(RMAP) focus on measuring fine sediment before it enters the channel.  This method measures 
surface erosion for the tread surface, cutslope, ditchline and fillslope, based on road use, soil type, 
vegetative cover, gradient, water routing and other factors.  No recent independent assessments of 
forest road maintenance have been made in Washington State or the Southwest Washington 
region (Sturhan pers.comm. 2003).  

Habitat trends in LWD and shade can be determined, given the following three assumptions:  
1) riparian stand conditions can adequately represent recovery of current and future LWD and 
shade; 2) riparian stand conditions can be determined from contemporary aerial photographs; and 
3) most riparian buffers on non-Federal lands were historically harvested; thus, the current 
riparian condition represents a state of recovery.  It is important to note that forestlands make up 
approximately 89 percent of the Southwest Washington region.  Ninety-three percent of the total 
forestland is under private and State management; approximately 7 percent is under Federal or 
State Protection.   

On a large scale, meaningful trends can be determined, based on two photometric studies.   

A dataset used by Lunetta et al. (1997) was made available from Cosentino (personal 
communication, Brian Cosentino, WDFW, 2003), which allowed isolation of data from the 
Southwest Washington WRIAs (Table 6).  ‘Response reaches’ were generally defined by Lunetta 
et al. as the lower gradient (< 4 percent) habitat where most of the anadromous fish production 
occurs.  Table 6 shows that 4 percent of the response reach riparian buffers (RRRBs) were 
considered late seral9 in composition.  This low percentage reflects the fact that most of the  
                                                           
9 ‘Late Seral’ Stands should not be confused with ‘Old Growth Stands.’  ‘Late Seral’ as defined by Lunetta 
et al (1997) means the conifer crown cover is >70% and more than 10% of the crown cover in trees are 
greater than 21 inches diameter breast height (dbh).  Thus, ‘Late Seral’ can include some mature second 
growth conifer stands. 
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Table 6.  Percent of response reach riparian buffers by WRIA for the Southwest 
Washington Region.  [See Lunetta et al. (1997) for description of data.]  
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WRIA or Basin Name 
Lower Chehalis (WRIA 22) 9.2% 25.7% 1.6% 53.6% 0.3% 9.7%
Upper Chehalis (WRIA 23) 0.3% 16.3% 5.1% 46.7% 0.1% 31.5%
Willapa Bay (WRIA 24) 2.9% 30.0% 4.4% 47.3% 0.6% 14.8%
       
Total response reach riparian acres  8,582 46,893 7,016 96,794 626 35,854
SWW percentage 4.4% 24.0% 3.6% 49.4% 0.3% 18.3%
 

forestlands are State and private forests.  The only Federal land occurs in the lower Chehalis 
WRIA, which extends into the southern Olympics.  Nearly half of the RRRBs are ‘other 
forestlands,’ which are hardwood dominated or clearcuts (prior to 1994).  This is the highest of 
any western Washington region, and nearly identical to the 52 percent10 hardwood dominated 
buffer percentage estimated by Marshall and Associates (2000).  These figures should be similar 
because there is very little Federal forest ownership in the region, and Marshall and Associates 
(2000) did not assess riparian composition on Federal lands. 

6.0 FISH RESOURCES 

Salmonid Stocks 

Table 7 lists the salmonids that occur in the Southwest Washington region.  The asterisk next to 
the species name indicates the species is introduced and not native to Washington State. 

                                                           
10 This study used regional definitions that overlap the regional definitions used herein.  Marshall and 
Assoc. found relatively little variation in hardwood stand percentages on private lands throughout western 
Washington. 
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Table 7.  Salmonid species present by WRIA within the Southwest Washington 
Region (WDFW 2003). 

Species St
at

e 
St

at
us

1/
 

Fe
de

ra
l S

ta
tu

s2/
 

L
ow

er
 C

he
ha

lis
 (W

R
IA

 2
2)

 

U
pp

er
 C

he
ha

lis
 (W

R
IA

 2
3)

 

W
ill

ap
a 

(W
R

IA
 2

4)
 

Resident Cutthroat Trout  FCo X X X 
Searun Cutthroat Trout  FCo X X X 
Chum Salmon   X X X 
Coho Salmon   X X X 
Rainbow Trout   X X X 
Summer Steelhead   X  X 
Winter Steelhead   X X X 
Sockeye Salmon   X   
Kokanee Salmon   X  X 
Fall Chinook Salmon   X X X 
Summer Chinook Salmon   X   
Spring Chinook Salmon   X X  
Dolly Varden/Bull Trout SC FT X   
Mountain Whitefish   X   

*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State 

Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for 
more details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 

 
Other Fish Species 

Table 8 is a list of non-salmonid freshwater species that exist in the Southwest Washington 
region.  The asterisk next to the species name indicates that the fish is not native to Washington 
State.  This list should not be regarded as an exhaustive list of the species present.  One State 
sensitive species, the Olympic Mudminnow, is endemic to western Washington and prefers slow 
water and wetlands.  The Olympic Mudminnow is found in Grays Harbor and the Chehalis River 
drainages (Rodrick and Milner 1991).   
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Table 8. Non-salmonid freshwater fish species by WRIA within the Southwest 
Washington Region (WDFW 2003, Wydoski and Whitney 2003). 
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Longnose Dace   X X X 
Speckled Dace    X X 
Pacific Lamprey  FCo X X X 
Western Brook Lamprey   X X X 
Olympic Mudminnow SS  X X  
Riffle Sculpin   X X X 
Reticulated Sculpin   X X X 
Torrent Sculpin   X X X 
Redside Shiner    X X 
Three-Spine Stickleback   X X X 
Bridgelip Sucker   X X X 
Largescale Sucker   X X X 
Northern Pikeminnow   X X  
Channel Catfish*     X 
Brown Bullhead*    X  
Sunfish spp*.   X X  
Pumpkinseed*   X   
Crappie spp*   X  X 
Yellow Perch*    X X 
Largemouth Bass*   X X  
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened 

(ST), State Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and 
Milner (1991) for more details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, 
FC – ESA Candidate, FCo – Federal species of concern. 

 
Status of Salmonid Stocks  

The State and Tribal stock status of 50 stocks in the Southwest Washington region is shown in 
Table 9. 
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Table 9.  Southwest Washington Salmon and Steelhead Stock List presented by 
River Basin (2002 SASI Report, 1998 Bull Trout Status Report).   

River Basin Species Stock Status 
Grays Harbor Basin  WRIA 22 and 23  
Chehalis  Spring Chinook Healthy 
Satsop Summer Chinook Depressed 
Humptulips Fall Chinook Depressed 
Hoquiam Fall Chinook Depressed 
Wishkah Fall Chinook Healthy 
Wynoochee Fall Chinook Depressed 
Satsop Fall Chinook Healthy 
Chehalis Fall Chinook Healthy 
South Bay  Fall Chinook Unknown 
Humptulips Fall Chum Healthy 
Chehalis Fall Chum Healthy 
Humptulips Coho Healthy 
Hoqiuam Coho Healthy 
Wishkah Coho Depressed 
Wynoochee Coho Healthy 
Satsop Coho Healthy 
Chehalis Coho Healthy 
Johns/Elk River, South Bay Tributaries Coho Healthy 
Humptulips Summer Steelhead Depressed 
Chehalis Summer Steelhead Depressed 
Humptulips Winter Steelhead Healthy 
Hoquiam Winter Steelhead Healthy 
Wishkah Winter Steelhead Healthy 
Wynoochee Winter Steelhead Healthy 
Satsop Winter Steelhead Depressed 
Chehalis Winter Steelhead Healthy 
Skookumchuck/Newaukum Winter Steelhead Healthy 
South Bay Winter Steelhead Unknown 
Grays Harbor/Chehalis Bull Trout/Dolly Varden Unknown 
Willapa Bay– WRIA 24  
Willapa Bay Fall Chinook Healthy 
North River/Smith Creek  Fall Chinook Depressed 
Naselle River Fall Chinook Depressed 
North River Fall Chum Healthy 
Willapa River Fall Chum Unknown 
Palix River Fall Chum Healthy 
Nemah River Fall Chum Unknown 
Naselle River Fall Chum Healthy 
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Table 9.  Southwest Washington Salmon and Steelhead Stock List presented by 
River Basin (2002 SASI Report, 1998 Bull Trout Status Report) (continued). 

River Basin Species Stock Status 
Bear River Fall Chum Unknown 
North River/Smith Creek Coho Healthy 
Willapa River Coho Healthy 
Palix/Nemah Coho Healthy 
Nemah River Coho Healthy 
Naselle River Coho Healthy 
Bear River Coho Healthy 
North River /Smith Creek Winter Steelhead Healthy 
Willapa River Winter Steelhead Healthy 
Palix River Winter Steelhead Healthy 
Nemah River Winter Steelhead Healthy 
Naselle River Winter Steelhead Healthy 
Bear River Winter Steelhead Healthy 

 
For State and Tribal Stock Status, Healthy refers to a stock of fish experiencing production levels 
consistent with its available habitat and within the natural variations in survival for the stock; 
Depressed refers to a stock of fish whose production is below expected levels based on available 
habitat and natural variations in survival rates, but above the level where permanent damage to 
the stock is likely; Critical refers to a stock of fish experiencing production levels that are so low 
that permanent damage to the stock is likely or has already occurred; and Unknown refers to a 
stock of fish which has insufficient information to rate stock status. 

All anadromous salmonid species are present in the Southwest Washington region, except for 
Pink Salmon.  Bull trout/Dolly Varden are Federally listed as threatened in the region.  

7.0 AMPHIBIANS 

The Southwest Washington region harbors 19 amphibian species, including the established 
introduced bullfrog (Dvornich et al. 1997; McAllister 1995), making it among the most 
amphibian-rich regions in the State.  Of these 19 species, the largest assemblage (including the 
bullfrog) consists of 9 taxa that reproduce in stillwater habitats, including lakes, oxbows, ponds, 
temporary pools, and other freshwater wetlands with sufficient stillwater habitat.  Stillwater 
habitats are predominantly associated with the riparian margins of larger stream or riverine 
systems within the region, and relatively few ponds or lakes (at least those not built by human 
agencies) exist at the higher (but still moderate) elevations within the region.  Since a large 
proportion of this habitat has been altered or lost (see Riparian, Floodplain and Wetland 
Conditions sections), significant impact to stillwater amphibians is presumed.  Lowland stillwater 
habitats are also the habitats in which introduced warmwater species (i.e., bullfrogs and selected 
fish [i.e., catfish, mosquitofish, sunfish], see Table 8); and interactive facilitation among these 
introduced species, particularly bullfrogs and warmwater fish, may promote survival of 
introduced species (Adams et al. 2003) over native amphibians (Adams 1999).  Of the remaining 
10 native amphibian species, four species (Dunn’s salamander, ensatina, Van Dyke’s salamander, 
and western red-backed salamander) reproduce in terrestrial habitats and the remaining six 
species (Cope’s giant salamander, coastal giant salamander, coastal tailed frog, Cascades torrent 
salamander, Columbia torrent salamander, and Olympic torrent salamander) reproduce in 
streams, springs, or seeps. 

Of the entire amphibian assemblage for the region, six species (Dunn’s salamander, Cascades 
torrent salamander, coastal tailed frog, Columbia torrent salamander, Olympic torrent salamander, 
and Van Dyke’s salamander) are Forest Practices HCP-covered species (Table 10), making it the 
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region richest for Forests and Fish-covered amphibian species in the State.  Several of these 
species have limited distributions in the region.  Cascades and Olympic torrent salamanders are 
known only from relatively small areas in the eastern and northern portions of the region. Coastal 
tail frog and Van Dyke’s salamander both appear to have distributions at largely higher elevations 
in the region that are varyingly spotty (Table 10).  Known distributions may be conservative as no 
systematic surveys, either to understand distribution or determine status (i.e., surveys of historic 
sites), have been performed in the region for most of these species.  Recent systematic work on 
Coastal tailed frog in the Willapa Hills has revealed a pattern of landscape occupancy that is 
relatively low (personal communication, Marc Hayes, WDFW, 2003).  Too few data exist even to 
perform a status survey for any of these species because of lack of a baseline.  All of these species 
may be at some level of risk because sedimentation has the potential to substantially reduce its 
instream habitat (Bury 1983, Bury and Corn 1988, Corn and Bury 1989).  Timber harvest, which 
can result in significant sedimentation (Beschta 1978, Jakob 1999), occurs over most of the 
Southwest Washington region where these species occur (see Habitat Trends section). 

Although not covered under this Forest Practices HCP, six other amphibians (namely 
northwestern salamander [Ambystoma gracile], long-toed salamander [Ambystoma 
macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla regilla], northern red-legged 
frog [Rana aurora], and rough-skinned newt [Taricha granulosa]) may receive some protection 
as a result of Forests and Fish patch buffer prescriptions.  One of these species, the western toad, 
has State watchlist (special concern) status (WDFW 2001), and has declined elsewhere within its 
geographic range (Carey 1993); however, its status in the Southwest Washington region is 
unknown.  Hydrological alteration may have resulted in habitat loss for western toads at low 
elevations in the riparian areas of larger riverine systems. 

Table 10.  Forest and Fish Amphibians of the Southwest Washington Region. 
 

Habitat 
Active Season 

Group Name Breeding
Non-

Breeding 
Over-

wintering Regional Distribution 

Frogs 
Coastal tailed frog  
Ascaphus truei 

streams streams terrestrial 

In streams with enough 
gradient in the Willapa Hills, 
southern Olympics, and 
Capitol Forest uplands 

Dunn’s salamander  
Plethodon dunni 

terrestrial terrestrial terrestrial Widespread but restricted to 
south of the Chehalis River 

Van Dyke’s salamander  
Plethodon vandykei 

terrestrial terrestrial terrestrial 
Localized in uplands of 
Willapa Hills and southern 
Olympics 

Cascades torrent salamander 
Rhyacotriton cascadae 

stream stream terrestrial Known only from extreme 
east portion of WRIA 23 

Columbia torrent salamander 
Rhyacotriton kezeri 

stream stream terrestrial Widespread but restricted to 
south of the Chehalis River 

Salamanders 

Olympic torrent salamander 
Rhyacotriton olympicus 

stream stream terrestrial Widespread but restricted to 
north of the Chehalis River 
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LOWER COLUMBIA RIVER 
REGIONAL SUMMARY 

1.0 PHYSICAL DESCRIPTION 
The Lower Columbia River region includes four WRIAs (25, 26, 27, and 28).  Major stream 
systems include the Kalama, Grays, Elochoman, Cowlitz, Coweeman, Lewis, Salmon Creek, and 
Washougal River Basins, as well as other smaller tributaries.  Portions of Wahkiakum, Skamania, 
Cowlitz, and Clark Counties are contained within the Lower Columbia River region.  A map of 
the Lower Columbia River region is provided in Figure 1. 

The Lower Columbia region lies within the Southern Cascades and Willapa Hills physiographic 
provinces and encompasses all of the Portland Basin physiographic province (Lasmanis 1991).  
Elevations range from sea level to over 14,000 feet atop Mount Rainier. 

General Geology 

The Lower Columbia River region is composed of the coastal hills, the Cascade Mountains, 
volcanoes, glacial/volcanic valleys and non-glacial valleys.  The lower Columbia River was 
unaffected by continental glaciation; however, alpine glaciation was significant in shaping several 
valleys. 

The coastal hills in WRIA 25 and part of WRIA 26 are essentially the same coastal hills 
described in the Southwest Washington region (see the Southwest Washington Regional 
Summary for details). 

West of the lower Cowlitz River are the Cascade foothills (<500 m) and mountains (>500 m). 
The Cascade Mountains and foothills are composed of mostly Oligocene and Miocene volcanic 
rocks, which are not as extensively fractured or weathered as the coastal hills (Walsh et al. 1987).  
However, the higher elevations and steeper slopes make these hills moderately vulnerable to 
landslides.  Most of the non-volcanic mountains lack the elevation to have had significant alpine 
glaciers during the recent (Pleistocene) ice age.   

Mt. Rainer, Mt. St. Helens and Mt. Adams are geologically active volcanoes.   Mt. St. Helens 
erupted massively in 1980, drastically altering the landscape near the mountain.  Similar 
eruptions have occurred many times for all three volcanoes.  All three volcanoes have alpine 
glaciers and these alpine glaciers extended far downstream during the most recent ice age.  The 
larger river valleys such as the North Fork (NF) Toutle and Upper Cowlitz River are typically 
wide from alpine glaciations, and the valley bottoms are relatively flat as a result of alluvial 
deposits, mudflow and eruptive landslide depositions.  Other river valleys, such as the South Fork 
(SF) Toutle, Kalama and Washougal are primarily products of alluvial erosion (‘V’ shaped), and 
have not experienced much glaciation. 

Information concerning erosion processes in the Lower Columbia planning region has been 
extracted from the following watershed analyses:  Connelly Creek (Murray-Pacific Corporation 
1993); Kiona (Murray-Pacific Corporation 1995); North Elochoman (WDNR 1996b); Upper 
Coweeman (Weyerhaeuser Company 1997); Silver (West Fork Timber Company 1999). 

Erosion in the Lower Columbia region, like most western Washington planning regions, is 
dominated by mass wasting.  The most common forms of mass wasting are debris avalanches, 
debris flows, and debris torrents.  Steep slopes and shallow soils overlying bedrock combine to 
produce high rates of these shallow-rapid landslide processes.  In the Upper Coweeman WAU, 74 
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percent of all mapped landslides were classified as debris avalanches and debris flows.  Most 
debris avalanches initiate in convergent topography such as bedrock hollows, headwalls, and 
inner gorges.  These three landforms were the sites of 88 percent of all debris avalanches and 
debris flows in the Kiona watershed administrative unit. 

Large, persistent deep-seated landslides are also common in the Lower Columbia planning 
region.  Although they may cover extensive areas, most of these features have been described as 
“ancient” and “inactive” or “dormant,” and have not been identified as a significant sediment 
source on forestlands (Murray Pacific Corporation 1993; Murray Pacific Corporation 1995; 
WDNR 1996b; Weyerhaeuser Company 1997).  However, the oversteepened headscarps and 
toeslopes of these features are often sites of shallow-rapid landslides such as debris avalanches 
and debris flows.  

Watershed analyses conducted throughout the region indicate surface erosion is not a significant 
sediment source except in cases where soils adjacent to streams are heavily disturbed or 
compacted.  Roads, including road surfaces, cutslopes, fillslopes, and stream crossings, were 
identified as significant sources of fine sediment in portions of almost every watershed 
administrative unit. 

General Hydrology 

The region has a marine climate characterized by mild, wet winters and warm, dry summers.  
Average annual precipitation ranges from 40 inches near the city of Vancouver to over 100 inches 
on the western slopes of the Southern Cascades.  Most of the precipitation falls as rain at lower 
elevations while snow is the dominant form of precipitation above 4,000 feet.  The region 
receives more than 75 percent of its annual precipitation from October through March. 

The Cowlitz River drains much of the Lower Columbia region and flows into the Columbia River 
at the town of Longview.  Other rivers in the region include the Grays, Elochoman, Kalama, 
Lewis, Salmon and Washougal, all of which are tributary to the Columbia.  Peak flows are driven 
by large magnitude rainfall events in lower elevation basins such as the Grays and Elochoman 
rivers.  Rain and rain-on-snow precipitation events produce peak flows in the remaining basins.  
Because of its origins on Mount Rainier, the Cowlitz River sometimes experiences significant 
snowmelt peak flows during the spring.  Low flows occur during the late summer and early fall. 
Based on the DNR stream hydrography GIS coverage, there are approximately 29,645 stream-
miles (both fish-bearing and non-fish streams) in the Lower Columbia River region, with an 
average stream density of 6.18 stream miles/mile2 (Table 1). 

Table 1.  Stream Miles in the Lower Columbia Region by WRIA1/ 

 
WRIA 25 

Grays/Elochoman 
WRIA 26 
Cowlitz 

WRIA 27 
Lewis 

WRIA 28 
Salmon/Washougal 

Total Lower 
Columbia 

Region 
 
Stream Length 
(miles) 

      4,769      14,913       8,000       1,963          29,645 

      
 
Stream Density 
(miles/mi2) 

        9.45         5.98         6.11         3.96              6.18 

      
 1/  Primary Data Source: DNR stream hydrography GIS layer.  Stream miles include all mapped Type 1-9 streams.  
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2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 35 percent of all lands in the Lower Columbia region are in Federal ownership 
and 11 percent of all lands are being managed in a Federal long-term preservation status, 
primarily in national parks, national wildlife refuges, and wildernesses (Table 2).  Essentially all 
of the remaining 24 percent of Federal lands is being managed by the Forest Service outside of 
wilderness; a substantial portion of these non-wilderness National Forest System lands is being 
managed under a very limited management status (e.g., LSRs, Managed LSAs, AMAs, or 
Riparian Reserves) according to the Northwest Forest Plan.  Other Federal agencies manage only 
a very small percentage of the remainder (0.1 percent of all lands).  Only 95 acres of Tribal lands 
occur in the region (< 0.1 percent).  State lands (primarily under management for timber 
production) represent 11 percent of all lands in the region, private lands represent 54 percent, and 
city/county lands represent about 0.1 percent. 

Private lands are common throughout the region, but are especially prominent in the Grays-
Elochoman (80 percent) and the Salmon-Washougal (70 percent) WRIAs.  Federal lands are most 
prevalent in the other two WRIAs – Cowlitz and Lewis – making up 43 percent of each. 

Land Cover and Use 

Forestland makes up approximately 85 percent of the Lower Columbia River region, ranging 
from 59 percent in the Salmon-Washougal WRIA to 90 percent in the Lewis WRIA (Table 3).  
Agricultural lands comprise 6 percent of the region, and they are particularly prevalent in the 
river valleys of the Salmon-Washougal WRIA.  Residential-commercial lands make up 2 percent 
of the region overall, but are also particularly prevalent in the Salmon-Washougal WRIA, making 
up 14 percent. 
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3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 37 percent of the forestlands in the Lower Columbia region are in Federal  
ownership, almost none  (<0.1 percent) are in Tribal ownership, 12 percent are in State 
ownership, and 50 percent are in private or other ownership (Table 4).  A Federal or State status 
of preservation or limited management covers approximately 27 percent of the forestlands in the 
region.  Approximately 10 percent of the forestlands are available for Federal or Tribal timber 
management.  State timber management may occur on approximately 12 percent of the 
forestlands, and 50 percent of the forestlands are in private, county, or city ownership, where 
timber management may occur.  Overall, lands covered by the forest practices rules represent 
approximately 62 percent of the forestlands in the region (see Figure 1, which displays these 
lands).  Existing HCPs cover the vast majority (85 percent) of the State-managed lands, and a 
small portion (3 percent) of the private, county, and city ownerships.   

The overall percentage of forestlands subject to the State forest practices rules ranges from 55 
percent in the Lewis WRIA to almost 100 percent in the Grays-Elochoman WRIA.  The overall 
percentage covered by an HCP ranges from 15 percent in the Cowlitz WRIA to 31 percent in the 
Salmon-Washougal WRIA.  

Small, 20-acre exempt forest landowners make up about 1.4 percent of the forestlands and about 
2.3 percent of the forestlands subject to forest practices rules in the Lower Columbia region, 
based on the analysis by Rogers (2003).  Although this analysis may represent an underestimate, 
it is believed to have identified the majority of all small, 20-acre exempt parcels (personal 
communication, Luke Rogers, Rural Technology Initiative, University of Washington, May 
2004).  The small landowner parcels are mainly found in the lower elevation lands, especially 
along the major rivers.  The highest percentage (about 2.7% of the forestland) is in the Salmon-
Washougal WRIA and the lowest percentage (0.7%) is in the Cowlitz WRIA. 

Approximately 18,647 stream miles occur on lands subject to forest practices rules in the 
Southwest Washington region (Table 5).  This represents 63 percent of all streams in the region.  
Approximately 9,794 miles or 53 percent of the 18,647 stream miles on lands subject to forest 
practices rules are estimated to be fish-bearing stream miles (based on existing water typing and 
gradient analysis on sample areas).  The percentage of all streams on small, 20-acre exempt forest 
landowner parcels in this region is estimated to be about 1.2 percent and the percentage of all 
fish-bearing streams on small, 20-acre exempt forest landowner parcels is about 1.9 percent 
(Rogers 2003). 
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4.0 HABITAT LIMITING FACTORS  

Primary Regional Factors 

Hydropower development is the single largest impact to salmonid habitat in the Lower Columbia 
region.  Construction of dams on the Cowlitz and Lewis rivers has removed hundreds of miles of 
channels from anadromous fish access (WSCC 2000a, 2000b).   

The May 18, 1980 eruption of Mt. St. Helens triggered the collapse of the entire north face of the 
mountain (3,000 meters (approximately 9800 feet) in elevation), sending a massive landslide 12 
miles down the North Fork Toutle River, and burying the entire river valley deep with 
unconsolidated mineral sediments, rich in fines.  Melt water from the glaciers on the flanks of the 
mountain sent mudflows down both the North and South Forks of the Toutle River, and through 
the lower Cowlitz River to the Columbia River.  These mudflows destroyed or severely impacted 
riparian zones over its entire path.  The staggering volume of loose sediment in the North Fork 
Toutle Valley created a long-term threat to thousands of residences, businesses and industries in 
the lower Cowlitz Valley communities of Castle Rock, Kelso and Longview.  Efforts to protect 
property included construction of a large dam, officially named the ‘Sediment Retention 
Structure’ (SRS) immediately downstream of the landslide.  In addition, extensive dredging, 
riprapping and diking occurred throughout the lower Toutle, Cowlitz and Coweeman rivers.  The 
long-term consequences of these actions are not fully understood at this time (Mt. St. Helens 
Volcanic National Monument Website http://www.fs.fed.us/gpnf/mshnvm/).   

Fine sediment is the key limiting factor in the coastal hills and many of the Cascade foothills and 
mountains.  Landslides and unpaved roads are both significant contributors of fine sediment.  
Water temperature problems are widespread in the lower reaches, but less of an issue in the 
Cascade Mountains.  Most streams and rivers are currently deficient in LWD.  Urbanization and 
agricultural development have impacted most of the larger valleys, especially the Cowlitz Valley 
and eastern Clark County (WSCC 2000b). 

Sedimentation/Mass Wasting 

The coastal hills in WRIA 25 and the western edge of WRIA 26 are very sensitive to Shallow 
Rapid Landslides (SRLS) and debris torrents; with all the same problems of highly weathered and 
fractured rocks discussed in the Southwest Washington Regional Summary.  The hills in Grays 
River and Elochoman River basins have naturally high sediment backgrounds, but forest practices 
have exacerbated the problem (WSCC 2002, WDNR 1996).   

The Cascade foothills and mountains are moderately vulnerable to landslides.  Steep slopes tend 
to be greater in length, and thus, the events can be more severe than in the coastal hills.  Forest 
roads, and to a lesser extent, clearcut harvesting on steep slopes helped trigger most of these 
landslides.  Lands prone to SRLS are often managed for forestry, because they are unsuitable for 
most other uses.  Watershed analyses conducted in the Cascade Mountains suggest a moderate to 
severe vulnerability to SRLSs and debris torrents (WDNR 1993, 1994a, 1994b, 199611). 

Fine sediment from the mudflows and ash fall from the May 18, 1980 eruption of Mt. St. Helens 
continue to flush into the rivers near the mountain, and recovery in the North Fork and South 
Fork Toutle Basins is still far from complete.  Partial or substantial recovery has occurred 
elsewhere.  Sediment has filled the Sediment Retention Structure on the North Fork Toutle River, 
                                                           
11 In the LCR Region, all but two of the available watershed analyses have been conducted on West Fork 
Timber Co. (formerly Murray-Pacific) lands in the upper Cowlitz Basin.  This company is currently 
operating under its own HCP, which requires a watershed analysis in all watersheds within their ownership.  
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and it is unclear what additional actions will be taken to abate this problem (personal 
communication, Craig Olds, WDFW, 2003). 

A number of the watershed analyses in the Lower Columbia region note a high frequency of 
deep-seated landslides (DSLSs) (WDNR 1994a, 1996).  It is unclear whether this is a regional 
feature, or simply a result of a thorough search for these formations in the watershed analyses 
conducted within this region.  Many DSLSs have been dormant for centuries, but could 
potentially be activated by forest practices by removing weight from the toe of the landslide, 
redirecting flow into the toes such that accelerated erosion occurs, or modifying the channel 
inputs such that channel incision occurs.  However currently, landslides are not a significant 
factor in the Cowlitz Valley. 

The underlying geology and heavy rainfall in the coastal foothills contribute to sensitivity to road 
surface erosion.  Unpaved forest and rural residential roads require significant maintenance to 
minimize sediment delivery to channels.  In some areas, hard rock for road surfacing is difficult 
to find; and roads must be surfaced with the next best available material (WDNR 1996; See also 
Southwest Washington Regional Summary).  

Riparian, Floodplain and Wetland Conditions  

Historic timber harvest removed most riparian buffers.  In the Lower Columbia River region, 
timber harvesting started in the early 1860s and was mostly completed by the 1970s.  Subsequent 
agricultural and urban conversion permanently altered riparian vegetation in the river valleys, 
leaving either no trees, or a thin band of trees.  The riparian zones along many agricultural areas 
are now dominated by alder, invasive canary grass and blackberries, resulting in reduced shade 
and LWD recruitment.  It is difficult for native conifer to re-establish in buffers with these 
characteristics.  A photometric study by Lunetta et al. (1997) suggests that functional riparian 
buffers in agricultural and urban areas are substantially lacking or inadequate (See Habitat Trends 
below).   

Wetlands were likely historically extensive in the lower gradient river valleys near the Columbia 
River.  Farmers in the late 1800s started draining and diking most of this land.  Remaining 
wetlands are limited and should be a priority for restoration and preservation (WSCC 2000b, 
2001). 

The 1980 eruption of Mt. St. Helens released mudflows that destroyed the riparian forests along 
the entire lengths of the North Fork, South Fork, and Mainstem Toutle River, and the Muddy 
River and Pine Creek tributaries of the Lewis River.  In addition, extensive damage occurred in 
the blast zone north of the mountain, including most of the Green River Basin and small 
tributaries to the Cowlitz, Cispus, Lewis and North Fork Toutle basins.  While some recovery has 
occurred, the full recovery of the North and South Fork Toutle River riparian stands is well into 
the future.  The remaining wetlands and side channels in the North Fork, South Fork, and 
mainstem Toutle River and lower Cowlitz River have filled with mudflow deposits or dredge 
spoils.  Extensive diking in the lower Cowlitz and the lower Coweeman has resulted in permanent 
confinement of the channel (WSCC 2000b). 

Diking, channelization, wetland draining and related activities have occurred in other floodplains 
throughout this region.  Floodplain impacts have varied in intensity from efforts to protect 
farmlands on the Cowlitz River above Cowlitz Falls (WSCC 2000b), to systematic floodplain 
development and flood control activities in the urban areas of Clark County (Salmon Creek and 
lower Washougal River, WSCC 2001).  Habitat Limiting Factors Analyses (WSCC 2001) noted 
that urban development was still occurring in the floodplains of the Washougal River.  Smaller 
floodplains in smaller drainages are often confined as a result of road or railroad construction 
(WSCC 2000b). 
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Channel/Hydrology Conditions 

This region has seen significant modification to sediment and water routing as a result of dam 
construction.  Three dams were constructed on the Cowlitz River, which significantly modified 
gravel supply, resulting in a decline in the quality of spawning substrate.  A number of studies 
suggest that much of the natural spawning occurring below the dams is from hatchery strays, and 
not a result of self-sustaining natural production (DeVore 1987 in WSCC 2000b).  Three 
hydropower dams were built on the Lewis River, again modifying the hydrology and gravel 
supply.  The mainstem of the Lewis River below the lowest dam is largely bedrock and boulders.  
Flow fluctuations from hydropower peaking may cause stranding and fish kills (WSCC 2000a). 

Loss of forest canopies can substantially increase peak flows due to rain-on-snow events.  The 
Cascade Range within this region has extensive areas above 1200 feet (WFPB 1997); and 
clearcuts above this elevation can accumulate significant snow packs that would not occur in 
forested areas.   

The Mt. St. Helens eruption triggered a powerful blast and ash-laden windstorm, that destroyed 
approximately 230 square miles of forests to the north of the mountain (Mt. St. Helens Volcanic 
National Monument Website).  While much of this area should now be re-establishing 
hydrological maturity, rain-on-snow events have impacted the channels in this zone over the past 
twenty years (personal communication, Mark Hunter, WDFW. 2003). 

The extensive network of forest roads may contribute to increased peak flows.  Road ditches may 
act as an extension of the channel network, accelerating runoff and increasing peak flows 
(Whemple 1994).  Cross-drains and other best management practices (BMPs) may mitigate this 
effect, and local soil characteristics may vary the response.  The existence and severity of road 
network effect is still subject to research and debate (Whemple 1994). 

Estuarine and Columbia Mainstem Habitat 

The impacts to the lower Columbia River are an accumulation of upstream activities in 
Washington, Oregon, Idaho and British Columbia.  The most significant modification of fish 
habitat in the Columbia River results from the extensive network of upstream hydropower dams. 
These dams have caused drastic changes in seasonal flow, sediment discharge, water temperature, 
fish communities and water chemistry.  Along the Columbia River shorelines of this region, 
diking and filling as a result of urban and agricultural development, has reduced the sloughs and 
wetlands that likely provided rearing and over-wintering habitat for juvenile salmon.   Road and 
railroad beds along the Columbia River have filled or cut off access to wetlands and side channels 
(Schaller et al.2002). 

Large Woody Debris 

The recruitment of LWD has been impacted by past riparian forest harvest and, on lands 
converted to other uses, the failure to re-establish these riparian forests following harvest.  Long-
term recruitment potential of LWD is good throughout the forested areas in the region.  

The retention of in-channel LWD has been impacted by removal of LWD for navigation, dikes 
and levee interference, debris torrents, splash damming and historic removal of wood as a 
misguided fisheries management tool.  The generally high occurrences of debris torrents make 
retention of LWD a significant issue. 

The Washington State Conservation Commission has determined that LWD deficiency is 
widespread in this region.  The reasons include riparian timber harvest, splash dams (see 
Southwest Washington discussion), agricultural and urban conversion of riparian habitat, and 
stream cleanouts.  The mudflows that resulted from the Mt. St. Helens eruption, and the ensuing 
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flood control responses completely removed the riparian zone in the North Fork Toutle, South 
Fork Toutle, Mainstem Toutle and the lower Cowlitz River; and recovery has been slow (WSCC 
2000a, 2000b, 2001, 2002). 

Fifty five percent of riparian stands on private lands in the Lower Columbia River region are 
dominated by hardwoods (Marshall and Associates 2000).  Hardwoods do not grow to the size of 
conifer, and rot quickly; thus, they are not as useful as conifers for LWD.  However, hardwoods, 
especially alder, are an important source of nitrogen, which may be more important in the small 
channels that don’t readily flush leaf-litter (Wipfli and Gregovich 2002). 

Fish Passage 

The construction of the Cowlitz and Lewis River dams constitute the two largest losses of 
anadromous fish access in western Washington State.  In both systems, the loss of natural fish 
production was compensated with the construction of hatcheries, a common practice during 
1940s and 1950s when these dams were constructed.  Over 300 miles of accessible fish habitat 
were lost above Mayfield Dam on the Cowlitz, and roughly 150 miles above Merwin Dam on 
Lewis River.  In both cases, 80 to 90 percent of the production potential had been lost (WSCC 
2000a, 2000b).   

The third dam on the Cowlitz River (Cowlitz Falls) was constructed in the early 1990s. 
Downstream fish passage screens were constructed as part of the structure.  Currently, juvenile 
fish coming down the river are trapped and trucked around the dams; whereas previously, many 
of these fish would residualize in Riffe Lake, the large reservoir behind the second dam. This trap 
has been mostly successful in establishing self-sustaining runs of spring chinook, coho and 
steelhead in the upper Cowlitz basin.  However, the downstream migrant trap cannot capture fish 
during flood flows; thus many juvenile outmigrants still end up in Riffe Lake (personal 
communication, Craig Olds and Lauri Vigue, 2003).  Even if this trap becomes completely 
successful, only part of the historic potential of this watershed will be restored.  A substantial 
section of the middle Cowlitz Basin remains inundated or inaccessible.  The dams on the Lewis 
River remain a total blockage to anadromous fish use (WSCC 2001). 

Following the eruption of Mt. St. Helens, the SRS dam was constructed on the North Fork Toutle 
River.  A fish trap was constructed to pass fish over the dam.  Despite elaborate measures to flush 
silt out of the trap, operation of the trap was only partially successful.  Since the habitat above the 
dam is still recovering from the eruption and associated disturbances, fish production above this 
structure is quite limited at this time.  However, most of the land above the SRS is preserved in 
parks and wildlife refuges, thus the long-term prospects for habitat recovery are good (personal 
communication, Craig Olds, WDFW, 2003).  

Statewide, thousands of miles of fish channels have been rendered partially or completely 
inaccessible to fish, as a result of road culverts and other water crossing structures.  This fish 
passage problem occurs in all regions of the State, and removes potential fish habitat from fish 
production.  In the past decade, fish passage through forestry, agricultural and urban road culverts 
has been an area of renewed interest and directed funding.  Habitat Limiting Factors Analyses 
(WSCC 2000a, 2000b, 2001, 2002) documents hundreds of known and potential culvert 
blockages in the region. 

Water Quality Issues 

Freshwater temperatures routinely exceed state water standards at low elevations near the 
Columbia River and the lower Cowlitz River.  Many river and stream segments are on the state 
303(d) for water temperature.  A moderate number of water temperature readings higher than 
state water quality standards have been documented even on moderate sized channels in private 
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lands.  A variety of factors may explain these, including debris torrent damage, recent harvest, 
naturally wide channels, and lack of conifer regeneration.  The Cowlitz River below the Mayfield 
Dam benefits from cool water drawn from below the thermocline in Mayfield Lake, thus water 
temperatures are in compliance for a considerable distance downstream.  

In WRIA 25, portions of the Columbia River, Germany Creek, Abernathy Creek, Elochoman 
Creek, Wilson Creek and Grays River at times have not met water quality standards for 
temperature (WDOE 1998).  The Elochoman River, Abernathy Creek, Germany Creek and 
especially the Grays River have been impacted by sedimentation from forest practices (Simms 
1997). 

Many creeks in WRIA 26, including the Cispus and Coweeman Rivers and some of their 
tributaries have had temperature exceedances.  In WRIA 27, temperature exceedances have been 
documented in the Kalama River, East Fork Lewis River, Lewis River, and a few tributaries in 
the Gifford Pinchot National Forest near Mount St. Helens (WDOE 2004).  Several streams in 
this WRIA have instream flow or fish habitat impairments (WSCC 2000). 

In addition to the Columbia River in WRIA 28, high temperatures have been recorded in the 
Salmon Creek and Burnt Bridge Creek watersheds (WDOE 2004).  Many creeks have 
documented fish habitat or instream flow impairments (WSCC 2001). 

Chemical use in forestlands is substantially limited to herbicide applications to suppress alder, 
maple, and brush competition during early phases of conifer forest regeneration.  There are no 
regional factors to suggest that impacts from herbicides would be different from other regions in 
Washington State.  The use of forest fertilizers and septic tank discharges were identified as the 
causes for eutrophication in Silver Lake, a large lake in the lower Cowlitz Valley (WDNR 1999). 

5.0 HABITAT TRENDS  

Potentially unstable landforms are now routinely identified and mapped.  However long-term 
trends of landslide activity are difficult to systematically measure, because events causing 
landslides are often separated by years or decades from the actual triggering of the landslide.  At 
this point, no reliable data exist on the long-term trend of landslide events in the Lower Columbia 
region. 

Direct measure of in-channel fine sediment is costly and impractical because very large sample 
sizes are necessary to achieve statistical significance.  Therefore, the watershed analysis 
methodology (WFPB 1997) and the more recent Road Maintenance and Abandonment Plans 
(RMAP) focus on measuring fine sediment before it enters the channel.  This method measures 
surface erosion for the tread surface, cutslope, ditchline and fillslope, based on road use, soil type, 
vegetative cover, gradient, water routing and other factors.  No recent independent assessments of 
forest road maintenance have been made in Washington State or the Lower Columbia region 
(personal communication, Nancy Sturhan, WDNR, October 2003).   

Habitat trends in LWD and shade can be determined, given the following three assumptions:  
1) riparian stand conditions can adequately represent recovery of current and future LWD and 
shade; 2) riparian stand conditions can be determined from contemporary aerial photographs; and 
3) most riparian buffers on non-Federal lands were historically harvested; thus, the current 
riparian condition represents a state of recovery.  It is important to note that forestlands make up 
approximately 85 percent of the Lower Columbia River region.  Private and State management 
covers 62 percent of the total forestland management.  Approximately 27 percent of forestlands 
are under Federal or State protection (See Tables 3 and 4). 

On a large scale, meaningful trends can be determined, based on two photometric studies. A 
dataset used by Lunetta et al. (1997) was made available from Cosentino (personal 
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communication Brian Cosentino, WDFW, 2003), which allowed isolation of data from the Lower 
Columbia River WRIAs (Table 6).  ‘Response reaches’ were generally defined by Lunetta et. al. 
as the lower gradient (< 4 percent) habitat where most of the anadromous fish production occurs.  
Table 6 shows that almost 8 percent12 of the response reach riparian buffers (RRRBs) were 
considered late seral in composition.  Nearly half of the RRRBs are ‘other forestlands,’ i.e., either 
hardwood-dominated, brush-dominated, or recent clearcuts.  This is nearly identical to the 
hardwood dominated buffer percentage (55 percent13) estimated by Marshall and Associates 
(2000).   
 
6.0 FISH RESOURCES 

Salmonid Stocks 

All anadromous salmonid species are present in the Lower Columbia River region, except Pink 
Salmon.  Table 7 lists the salmonids that occur within the Lower Columbia River region.  The 
asterisk next to the species name indicates the species is introduced, and not native to Washington 
State. 

Table 6.  Percent of response reach riparian buffers by WRIA for the Lower 
Columbia River Region.  [See Lunetta et al. (1997) for description of data.]  
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WRIA or Basin Name 
 Grays Elochoman (WRIA 25) 0.5% 19.5% 6.4% 47.7% 3.3% 22.7%
 Cowlitz (WRIA 26) 9.0% 10.5% 4.3% 54.2% 1.1% 20.9%
 Lewis River (WRIA 27) 13.1% 13.2% 2.7% 47.7% 1.1% 22.2%
Washougal - Salmon (WRIA 28) 0.1% 16.6% 1.7% 26.1% 11.5% 43.9%
 
Total response reach riparian acres  10080 17421 5317 64516 3284 31416
Regional percentage 7.6% 13.2% 4.0% 48.9% 2.5% 23.8%
 

                                                           
12 ‘Late Seral’ Stands should not be confused with ‘Old Growth Stands.’  ‘Late Seral’ as defined by Lunetta 
et al. (1997) means the conifer crown cover is >70% and more than 10% of the crown cover in trees are 
greater than 21 inches diameter breast height (dbh).  Thus, ‘Late Seral’ can include some mature second 
growth conifer stands. 
13 This study used regional definitions that overlap the regional definitions used herein.  Marshall and 
Assoc. found relatively little variation in hardwood stand percentages on private lands throughout western 
Washington. 
 



 
 

Lower Columbia River A-164 Final EIS 
Regional Summary 

Appendix A   
Table 7.  Salmonid species present by WRIA within the Lower Columbia River 
Region (SASI 2002).   
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Resident Cutthroat Trout  FCo X X X X 
Searun Cutthroat Trout  FCo X X X X 
Chum Salmon  FT X X X X 
Coho Salmon  FC X X X X 
Rainbow Trout   X X X  
Summer Steelhead   X X X X 
Winter Steelhead  FT X X X X 
Sockeye Salmon   X X X X 
Kokanee      X  
Fall Chinook Salmon  FT X X X X 
Spring Chinook Salmon   X X X X 
Summer Chinook   X X X X 
Dolly Varden/Bull Trout SC FT   X  
Mountain Whitefish    X X X 
Lake Trout*    X   
Eastern Brook Trout*    X X X 
Brown Trout*      X 
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State 

Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more 
details on these definitions. 

2/The Federal Status Classifications include: EX - Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Fderal species of concern. 

 
Other Fish Species 

Table 8 is a list of non-salmonid freshwater species that exist in the Lower Columbia River 
Region.  The asterisk next to the species name indicates that the fish is not native to Washington 
State.  This list should not be regarded as an exhaustive list of the species present.   
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Table 8. Non-salmonid Freshwater Fish Species by WRIA within the Lower 
Columbia River Region (WDFW 2001, Wydoski and Whitney 2003). 
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Speckled Dace    X   
Longnose Dace    X X X 
Leopard Dace SC   X X X 
Pacific Lamprey  FCo X X X X 
River Lamprey SC FCo  X  X 
Western Brook Lamprey    X X  
Peamouth   X  X X 
Northern Pikeminnow   X X  X 
Sandroller SM  X X X X 
Coastrange Sculpin   X X X X 
Prickly Sculpin     X X 
Riffle Sculpin   X X   
Reticulate Sculpin   X X X X 
Shorthead Sculpin   X X X X 
Torrent Sculpin    X   
Redside Shiner      X 
Three-Spine Stickleback   X X X X 
Bridgelip Sucker    X  X 
Largescale Sucker   X X X X 
Mountain Sucker SC   X   
Largemouth Bass*   X X X X 
Brown Bullhead*   X X  X 
Carp*   X X  X 
Crappie spp*   X X X X 
White Crappie*   X    
Black Crappie*   X    
Pumpkinseed*   X   X 
Sunfish spp*.   X X X X 
Yellow Perch*   X X  X 
Starry Flounder   X X X X 
Eulachon SC  X X X X 
Green Sturgeon  FCo X X X X 
White Sturgeon   X X X X 
Longfin Smelt   X X X X 
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State 

Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for 
more details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – 
ESA Candidate, FCo – Federal species of concern. 
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Status of Salmonid Stocks  

The State and Tribal Stock status of 50 stocks in the Lower Columbia River region is shown in 
Table 9. 
 
Table 9.  Lower Columbia River Salmon and Steelhead Stock List presented by 
River Basin (2002 SASI Report, 1998 Bull Trout Status Report).   

River Basin Species Stock Status 
Grays and Elochoman WRIA 25  
Grays River Fall Chinook Depressed 
Skamokawa Creek  Fall Chinook Depressed 
Elochoman River Fall Chinook Healthy 
Mill Creek Fall Chinook Depressed 
Abernathy Creek Fall Chinook Healthy 
Germany Creek Fall Chinook Depressed 
Grays River Coho Unknown 
Skamokawa Creek  Coho Unknown 
Elochoman River Coho Unknown 
Mill Creek Coho Unknown 
Abernathy Creek Coho Unknown 
Germany Creek Coho Unknown 
Grays River  Fall Chum Depressed 
Grays River Winter Steelhead Depressed 
Skamokawa Creek  Winter Steelhead Depressed 
Elochoman River Winter Steelhead Depressed 
Mill Creek Winter Steelhead Unknown 
Abernathy Creek Winter Steelhead Depressed 
Germany Creek Winter Steelhead Depressed 
Cowlitz River Basin WRIA 26  
Cowlitz River Spring Chinook Depressed 
Cowlitz River Fall Chinook Depressed 
Coweeman River Fall Chinook Depressed 
Green River Fall Chinook Healthy 
SF Toutle River Fall Chinook Depressed 
Cowlitz River Coho Depressed 
Coweeman River Coho Unknown 
Toutle River Coho Unknown 
Green River Coho Unknown 
SF Toutle River Coho Unknown 
Cowlitz River Winter Steelhead Unknown 
Coweeman River Winter Steelhead Depressed 
Mainstem&NF Toutle River Winter Steelhead Depressed 
Green River Winter Steelhead Depressed 
SF Toutle River Winter Steelhead Depressed 
Lewis River Basin WRIA 27  
Kalama River Spring Chinook Depressed 
Lewis River Spring Chinook Depressed 
Kalama River Fall Chinook Healthy 
Lewis River Fall Chinook Healthy 
EF Lewis River Fall Chinook Depressed 
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Table 9.  Lower Columbia River Salmon and Steelhead Stock List presented by 
River Basin (2002 SASI Report, 1998 Bull Trout Status Report) (continued). 

River Basin Species Stock Status 
Kalama River Coho Unknown 
Lewis River Coho Unknown 
EF Lewis River Coho Unknown 
Kalama River Summer Steelhead Depressed 
NF Lewis River Summer Steelhead Unknown 
EF Lewis River Summer Steelhead Unknown 
Kalama River Winter Steelhead Healthy 
Mainstem and NF Lewis River Winter Steelhead Depressed 
EF Lewis River Winter Steelhead Unknown 
Lewis River Bull Trout/Dolly Vardon Depressed 
Washougal - Salmon Basin WRIA 28  
Washougal River Fall Chinook Healthy 
Bonneville Bright Fall Chinook Unknown 
Salmon Creek Coho Unknown 
Washougal River Coho Unknown 
Bonneville Tributaries Coho Depressed 
Bonneville Fall Chum Depressed 
Washougal River Summer Steelhead Unknown 
Salmon Creek Winter Steelhead Unknown 
Washougal River Winter Steelhead Depressed 
Hamilton Creek Winter Steelhead Unknown 

 

Table 9 includes only stocks that spawn in the rivers of this region, and not migratory species 
from other regions of the Columbia River Basin.  For State and Tribal Stock Status, Healthy 
refers to a stock of fish experiencing production levels consistent with its available habitat and 
within the natural variations in survival for the stock; Depressed refers to a stock of fish whose 
production is below expected levels based on available habitat and natural variations in survival 
rates, but above the level where permanent damage to the stock is likely; Critical refers to a stock 
of fish experiencing production levels that are so low that permanent damage to the stock is likely 
or has already occurred; and Unknown refers to a stock of fish which has insufficient information 
to rate stock status. 

7.0 AMPHIBIANS 

The Lower Columbia region harbors 19 amphibian species, including the established introduced 
bullfrog (Dvornich et al. 1997; McAllister 1995), ranking it among the most amphibian-rich areas 
of Washington State.  Of these 19 species, the largest assemblage (including the bullfrog) consists 
of 9 taxa that reproduce in stillwater habitat including lakes, oxbows, ponds, temporary pools, and 
other freshwater wetlands with sufficient stillwater habitat.  Stillwater habitats are largely 
dichotomously split between high-elevation lakes and ponds, and lower elevation habitats 
associated with the riparian margins of larger stream or riverine systems.  Since a large proportion 
of this habitat has been altered or lost (see Riparian, Floodplain and Wetland Conditions 
sections), especially along the mainstem Columbia (Schaller, et al. 2002), significant impact to 
stillwater amphibians is presumed.  Lowland stillwater habitats are also the habitats in which 
introduced warmwater species (bullfrogs, and selected fish [catfish, mosquitofish, sunfish], see 
Table 8), and interactive facilitation among some introduced species, particularly bullfrogs and 
warmwater fish, may promote their survival (Adams et al. 2003) and contribute to the potential 
negative affects on native amphibians (Adams 1999).  Of the remaining 10 native amphibian 
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species, five species (Dunn’s salamander, ensatina, Larch Mountain salamander, western red-
backed salamander, and western red-backed Van Dyke’s salamander) reproduce in terrestrial 
habitats and the remaining five (Cope’s giant salamander, coastal giant salamander, coastal tailed 
frog, Cascadaes torrent salamander, and Columbia torrent salamander) reproduce in streams, 
springs, or seeps. 

Of the entire amphibian assemblage for the region, five species (Dunn’s salamander, Cascades 
torrent salamander, Columbia torrent salamander, coastal tailed frog, and Van Dyke’s 
salamander) are Forest Practices HCP-covered species (Table 10).  Some of the five species have 
relatively localized distributions within the region with Dunn’s and Columbia torrent salamanders 
being restricted mostly to WRIA 25, Cascades torrent salamander being restricted to the Cascades 
slope, and Van Dyke’s having a highly spotty distribution on some of the Cascades slope as well 
as in the southern Willapa Hills.  Known distributions are probably conservative as no systematic 
surveys, either to understand distribution or determine status (i.e., surveys of historic sites), have 
been performed in the region.  Currently, too few data exist even to perform a status survey for 
any of these species because of lack of a baseline.  All species may be at some level of risk 
because sedimentation has the potential to substantially reduce its in- and near-stream habitat for 
these stream-associated taxa (Bury 1983, Bury and Corn 1988, Corn and Bury 1989); and timber 
harvest, which can result in significant sedimentation (Beschta 1978, Jakob 1999), occurs over 
most of the Lower Columbia region where these species occur (see Habitat Trends section). 

Although not covered under this Forest Practices HCP, six other amphibians (namely 
northwestern salamander [Ambystoma gracile], long-toed salamander [Ambystoma 
macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla regilla], northern red-legged 
frog [Rana aurora], and rough-skinned newt [Taricha granulosa]) may receive some protection 
as a result of Forests and Fish patch buffer prescriptions.  One of these species, the western toad, 
has State watchlist (special concern) status (WDFW 2001), and has declined elsewhere in its 
geographic range (Carey 1993); however, their status in the Lower Columbia region is unknown.  
Hydrological alteration may have resulted in habitat loss for western toads at low elevations, as 
over a dozen sites were historically recorded on the Columbia mainstem; no sites date from the 
post-dam building era (i.e., 1970 onwards) and only one site on the mainstem Columbia is known 
to currently have western toads (personal communication, M. Hayes, WDFW, 2003). 

Table 10.  Forest and Fish Amphibians of the Lower Columbia River Region. 
Habitat 

Active Season 

Group Name Breeding 
Non-

Breeding 
Over-

wintering Regional Distribution 

Frogs 
Coastal tailed frog  
Ascaphus truei 

Streams Streams Terrestrial Widespread at mid to high 
elevations 

Dunn’s salamander  
Plethodon dunni 

Terrestrial Terrestrial Terrestrial
Known only from WRIA 25 
and western edge of WRIA 
26 

Van Dyke’s salamander  
Plethodon vandykei 

Terrestrial Terrestrial Terrestrial Known only from WRIAs 
25-27 

Cascades torrent salamander 
Rhyacotriton cascadae 

Stream Stream Terrestrial At mid-elevations in 
WRIAs 26-28 

Salamanders 

Columbia torrent salamander 
Rhyacotriton kezeri 

Stream Stream Terrestrial In WRIAs 25 and extreme 
west edge of WRIA 26 
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MIDDLE COLUMBIA 
REGIONAL SUMMARY 

1.0 PHYSICAL DESCRIPTION 
The Middle Columbia region is defined to include six WRIAs (29, 30, 31, 37, 38, and 39).  Major 
stream systems include the White Salmon, Klickitat, and Yakima River Basins, as well as other 
smaller Columbia River tributaries.  Portions of Skamania, Klickitat, Yakima, and Benton 
Counties are contained within the Middle Columbia region.  A map of the Middle Columbia 
Region is provided in Figure 1. 

The region lies within the Columbia Basin physiographic province (Lasmanis 1991) that covers 
nearly the entire southeast quarter of Washington.  Elevations range from approximately 200 feet 
along the Columbia River to over 12,000 feet atop Mount Adams.   

General Geology 

The Middle Columbia region encompasses two geologic provinces: the Southern Washington 
Cascades and Columbia Basin Provinces (Franklin and Dyrness 1973).   

The Middle Columbia region includes the southern and eastern portions of the Southern 
Washington Cascades geologic province.  Steep, deeply dissected valleys separated by generally 
accordant ridge crests characterize the area (Franklin and Dyrness 1973).  General ridge elevation 
is around 1,200 m in most of the area with increasing elevations to the north and along the 
Cascades crest.  Mount Adams (3,801 m) dominates the regional landscape in the eastern portion 
of this province.  Andesite and basalt flows with their associated breccias and tuffs of Eocene to 
Recent age dominate at least 90 percent of the province.  The most widespread soils are derived 
from a combination of parent materials consisting of pumice, basalt and andesite.  In some 
instances, the surface layers consist of unmixed eolian volcanic ash and pumice overlying 
residual soils.  Soils are generally poorly developed with only weakly differentiated horizons; 
textures range from gravelly sandy to silt loams.  Although soil development is generally poor, 
rock land and stony skeletal soils are less widespread than in the more glaciation-influenced 
Northern Washington Cascades geologic province. 

The Middle Columbia region includes the western and southwestern portions of the Columbia 
Basin geologic province (Franklin and Dyrness 1973).  Topography, which varies from gently 
undulating to moderately hilly, is generally less steep than in the Southern Washington Cascades 
geologic province except in isolated basalt buttes and canyons.  Many of these are associated with 
the Columbia River margin.  Tertiary rocks are found at scattered locations, but the lava-derived 
Columbia River Basalt formations of Miocene-Pleistocene age dominate much of this region.  
Columbia River Basalts, 600-1,500 meters (approximately 2000-5000 feet) thick, consist of 
numerous individual flows 8-30 meters approximately 30-100 feet) thick.  The bottom portions of 
individual flows are dark-gray basalt, but become scoriaceous near their upper margins.  In much 
of the Yakima Basin and the Columbia River margin, deformation of the Columbia River Basalt 
flows has produced ridges and hills. Plio-Pleistocene deposits of silt-textured soils cover 
Columbia River Basalt over extensive areas, but in the Middle Columbia region, these are best 
developed along the tributaries of the lower Yakima River.   

Depending on precipitation, these soils develop varying amounts of carbonate-enriched horizons; 
the latter are manifest as cemented hardpans in the B-horizons in the areas with the least 
precipitation.  
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Information concerning erosion processes in the Middle Columbia planning region has been 
extracted from the following watershed analyses:  North Fork Teanaway (Boise-Cascade 1996); 
Big Creek (Plum Creek Timber Company 1997); Upper Little Klickitat (Boise-Cascade 1999). 

Erosion in the Middle Columbia region is low relative to regions west of the Cascade Crest.  This 
is primarily due to more moderate topography and lower rainfall, although more competent rock 
types found in some areas also contribute to more stable conditions. 

Mass wasting patterns in the Middle Columbia region are similar to other eastern Washington 
planning regions.  Landslide rates are relatively low, ranging from 0.011 landslides/mi2/year in 
the Butler Creek, Brooks, and West Prong watershed administrative units (WAU) to 0.023 
landslides/mi2/year in the North Fork Teanaway WAU. 

Debris avalanches comprise the dominant mass wasting process.  Most debris avalanches 
originate in convergent swales or hollows and inner gorges along streams.  In the Big Creek 
WAU, 43 percent of debris avalanches originated in convergent swales while 38 percent were 
associated with inner gorges.  The toeslopes of large deep-seated landslide deposits were also 
sources of debris avalanches (Plum Creek Timber Company 1997).  In cases where debris 
avalanches enter high-gradient, confined channels, debris torrents may develop but they appear to 
be rare. 

Surface erosion is not a significant sediment source except in cases where soils adjacent to 
streams are heavily disturbed or compacted. 

General Hydrology 

The climate of the region differs greatly from areas west of the Cascade crest.  Most areas receive 
less precipitation and temperature ranges are more extreme.  The region has a marine-continental 
climate characterized by cold winters and hot summers.  Most precipitation falls as snow during 
the winter, although spring and summer rains are common.  Average annual precipitation for 
forested areas of the region range from 15 inches along the southern Cascade foothills to over 80 
inches at higher elevations. 

The Yakima River drains nearly two-thirds of the Middle Columbia region.  Other rivers in the 
region include the Wind, White Salmon, and Klickitat.  Rivers of the region have a snowmelt-
driven hydrologic regime where most peak flows occur from April through June in response to 
spring snowmelt.  However, large magnitude peak flows result from rain-on-snow precipitation 
events that occur during the fall and winter months.  Low flows generally occur during late 
summer and early fall, although extreme cold can substantially reduce flows during the winter.  
Based on the DNR stream hydrography GIS coverage, there are approximately 18,631 stream-
miles (both fish-bearing and non-fish streams) in the Middle Columbia region, with an average 
stream density of 1.84 stream miles/mile2 (Table 1).   

2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 26 percent of all lands in the Middle Columbia region are in Federal ownership 
and portion of these lands (about 5 percent of all lands) are being managed for long-term 
preservation, primarily in national parks, wildernesses, and national recreation areas (Table 2). 
Another large portion of these Federal lands is being managed by the Forest Service outside of 
wilderness (14 percent of all lands); a substantial portion of these non-wilderness National Forest 
System lands is being managed under a very limited management status (e.g., LSRs, Managed 
LSAs, AMAs, or Riparian Reserves) according to the Northwest Forest Plan.  The remainder of 
the Federal lands (6 percent of all lands) are being managed by other agencies.  Tribal lands 
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represent a substantial portion of the region (about 19 percent).  State lands represent 10 percent 
of all lands in the region, private lands represent 34 percent, and city/county lands represent much 
less than 1 percent. 

The WRIAs differ markedly in their ownership.  The upper Klickitat and most of the Lower 
Yakima WRIAs are inside the Yakama Indian Reservation.  Much of the remainder of the Lower 
Yakima WRIA is in U.S. Department of Defense (Yakima Training Center) and Department of 
Energy (Hanford) Reservations.  Most of the Naches, Upper Yakima, and Wind-White Salmon 
WRIAs are in National Forest System or State land ownership.  The Rock-Glade WRIA is almost 
entirely private lands with scattered State-owned sections. 

Land Cover and Land Use 

Forestland makes up approximately 41 percent of the Middle Columbia region and shrubland and 
grassland comprise about 38 percent (Table 3).  Agricultural lands make up 17 percent and the 
remaining 4 percent consist of residential/commercial, water and wetlands, and ice, snow, and 
bare rock.  The percent forestland within each WRIA varies considerably, ranging from a low of 
9 percent in the Rock-Glade WRIA (#31 ) to a high of 93 percent in the Wind-White Salmon 
WRIA (#29).                    .
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Appendix A   

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 42 percent of the forestlands in the Middle Columbia region are in Federal 
ownership, 21 percent are in Tribal ownership, 11 percent are in State ownership, and 26 percent 
are in private or other ownership (Table 4).  A Federal or State preservation or limited 
management status covers approximately 33 percent of the forestlands in the region.  
Approximately 32 percent of the forestlands may be under Federal or Tribal timber management.  
State timber management may occur on approximately 9 percent of the forestlands and 26 percent 
of the forestlands are in private, county, city, or tribal ownership, where timber management may 
occur. Overall, lands covered by the forest practices rules represent approximately 35 percent of 
the forestlands in the region (see Figure 1, which displays these lands).  Existing riparian HCPs 
cover none of the State-managed lands (although an HCP relating to some wildlife covers 90 
percent of the State lands in the region), but 11 percent of the combined private, county, and city 
ownerships.  WRIA 31 (Rock-Glade) has the largest percentage of forest practices rules-covered 
lands (94 percent of all forestlands, none of which are covered by existing HCPs) and WRIA 38 
(Naches) has the lowest (13 percent of all forestlands, 34 percent of which are covered by 
existing HCPs).  

Most of the private forestlands are located in Klickitat, Upper Yakima, and the Wind-White 
Salmon WRIAs, generally at lower to middle elevations.  State forestlands managed for timber 
production are located primarily in 29, 30, and 39 WRIAs. 

Small, 20-acre exempt forest landowners make up less than 0.1 percent of the forestlands and 
about 0.2 percent of the forestlands subject to forest practices rules in the Middle Columbia 
region, based on the analysis by Rogers (2003).  Although this analysis may represent an 
underestimate, it is believed to have identified the majority of all small, 20-acre exempt parcels 
(personal communication, Luke Rogers, Rural Technology Initiative, University of Washington, 
May 2004). The highest percentage (about 0.2% of the forestland) is in the Wind-White Salmon 
WRIA (#29) and the lowest percentage, with no identified parcels, is in the Rock-Glade WRIA 
(#31). 

Approximately 5,290 stream miles occur on lands subject to forest practices rules in the Middle 
Columbia region (Table 5).  This represents 28 percent of all streams in the region.  
Approximately 4,594 miles or 87 percent of the 5,290 stream miles on lands subject to forest 
practices rules are estimated to be fish-bearing stream miles (based on existing water typing and 
gradient analysis on sample areas).  The percentage of all streams on small, 20-acre exempt forest 
landowner parcels in this region is estimated to be less than 0.1 percent and the percentage of all 
fish-bearing streams on small, 20-acre exempt forest landowner parcels is about 0.3 percent 
(Rogers 2003). 
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4.0 HABITAT LIMITING FACTORS 

Primary Regional Factors 

Primary limiting factors for fish, wildlife and associated habitats in the Mainstem Columbia River 
are generally a result of (1) hydropower system development and operation, (2) other human 
activities such as farming, grazing, urban and suburban development, transportation, and 
industrial or nuclear development, or (3) introduction and proliferation of exotic species.  These 
factors are often interrelated and hard to separate (Draft Mainstem Columbia River Subbasin 
Summary 2001). 

Within the Yakima Basin, many land and water use actions have impacted salmonid habitat 
conditions and productivity.   However, decline in salmon and steelhead in the Yakima Basin is 
likely associated with irrigation development and diversions, irrigation storage reservoirs and 
dams, splash damming, mining, removal of beaver dams, and grazing that occurred in the late 
1800s/early 1900s.  Irrigation was the largest of these impacts.  Other habitat impacts began in the 
later 1900s associated with transportation (rail and roads), urbanization, agriculture, and logging 
(WSCC 2001).  Historically, bull trout occurred throughout the Yakima River basin, but now are 
fractured into isolated subpopulations (SaSI 1998).  The USFWS (2002) considers isolation by 
dams, agricultural practices and irrigation withdrawal as a threat to each subpopulation.  
Additional threats include forest practices, grazing, roads, mining, harvest, non-native species, 
and residential development. 

Hydroelectric development on the White Salmon River, construction of Bonneville Dam with its 
associated pool, logging, poorly designed and installed culverts, especially along State Highway 
14 have been detrimental to aquatic resources within WRIA 29.  The Wind River is the major 
fish-producing stream system remaining within the WRIA, and its productivity has steadily 
declined over the years.  Major factors within the Wind River system have included stream 
cleanouts, past timber harvest, a dam without functional fish passage, lack of large woody debris, 
mass bedload movement, loss of floodplain capacity, and increased siltation (WSCC 2003). 

Within the Klickitat drainage (WRIA 30), sedimentation, turbidity, and low flows from irrigation 
and water supply diversions are viewed as significant factors limiting habitat productivity (WSCC 
1999).  Also, on the plateau reaches where agricultural and urban land uses occur, the riparian 
forests have mostly been harvested, or are in a condition where only minimal ecological functions 
can be provided (WSCC 1999). 

Sedimentation/Mass Wasting 

Gravel substrates are impaired in many areas of the Yakima watershed by significant presence of 
fine sediments, and in other areas by loss of suitable spawning and rearing substrate due to altered 
hydrology (e.g. Tieton River) and channel simplification (WSCC 2001).  Dry Creek, a tributary to 
the Wind River, has excessive bedload transport from past harvesting of the riparian zone and the 
direct removal of LWD in past stream clean out projects.  Other streams have also been impacted 
by increased sediment load due to timber harvest and the loss of riparian cover (e.g., Youngman, 
Trout, Crater, Compass, and Layout Creeks within the Wind Basin).  A number of landslides 
have occurred within the Wind River Basin and other streams (e.g., Rock Creek) associated with 
timber harvest and a gas pipeline (WSCC 2003).  Turbidity due to road runoff, logging, and land 
development has impacted various streams within this region (e.g., Nelson Creek, Carson Creek, 
Little White Salmon River and Jewett Creek, WSCC 2003; Little Klickitat and Swale Creek 
within the Klickitat drainage, WSCC 1999).  Within the Klickitat drainage, naturally generated 
glacial silt from Mount Adams also contributes significantly to sedimentation and turbidity in the 
watershed (WSCC 1999).   
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Road densities (highly correlated to sediment levels in gravels) in the upper, middle, and lower 
White Salmon were calculated to be 3.7 miles/mile2, 3.1 miles/mile2, and 4.0 miles/mile2, 
respectively.  Quigley et al. (1997) found that bull trout are less likely to use streams for 
spawning and rearing in areas with high road densities, and were typically absent at mean road 
densities above 1.7 miles/mile2 (USFWS 2002). 

Riparian/Floodplain and Wetland Conditions 

Impaired riparian function has resulted in increased water temperature, loss of bank stability, loss 
of instream cover, and loss of LWD recruitment to streams.  Riparian function has been severely 
impaired through much of the Yakima basin by (1) removal of riparian vegetation, (2) structures 
such as dikes, roads, and railroads, (3) channel incision, drains, and channelization that lowers the 
water table in riparian areas, (4) altered hydrology that either dewaters riparian zones or increases 
and/or changes timing of peak flows, and (5) cattle grazing (WSCC 2001).   

Within the Columbia River, the mainstem habitat has been reduced, for the most part, to a single 
channel, floodplains have been reduced in size, and off-channel habitat features have been lost or 
disconnected from the main channel (Mainstem/Systemwide Habitat Summary 2002). 

Salmonid access to productive side-channel habitats has been lost and the productivity of 
floodplain areas has been reduced in much of the Middle Columbia region (e.g., Wapato, Naches, 
Yakima, and Wind Rivers).  Floodplain function has been impacted by (1) dikes, levees, roads 
and railroads that have constricted floodplain extent, (2) extensive mining within the floodplain, 
(3) channel incision that has disconnected the channel from the floodplain, and (4) channelization 
and construction of drains that eliminate or interrupt hyporheic or superficial side-channel flow 
(WSCC 2000, 2001, 2003). 

Channel/Hydrology Conditions 

Within the Columbia mainstem, the natural hydrograph has been altered by storage dams, with 
decreasing spring and summer flows and increasing fall and winter flows.  This alteration has 
affected channel conditions such as floodplains, off-channel habitat, LWD, and water velocities 
(Mainstem/Systemwide Habitat Summary 2002). 

Within the Yakima Basin, the loss of channel complexity (e.g., LWD), cover, bank stability, and 
presence of pools has adversely affected spawning and rearing habitat (WSCC 2001).  In the 
lower White Salmon River, Condit Dam has resulted in the lack of coarse substrate for spawning, 
a lack of pools and channel complexity (due to lack of LWD), and low flows (WSCC 2003). 

Large Woody Debris 

Along with other major channel modifications caused by hydropower (i.e., floodplain and off-
channel habitat, fluctuating flows and water velocities), as well as adjacent land uses on the 
Columbia River mainstem, the amount of LWD (large snags and log structures) have been 
reduced in the river (Mainstem/Systemwide Habitat Summary, 2002). 

The loss/removal of LWD has resulted in additional associated habitat impacts, particularly in 
tributaries, such as Rattlesnake Creek (White Salmon River).  The lack of LWD has resulted in 
loss of substrate roughness and increased flow energy, which has resulted in washout of limited 
streambed gravels, increased bank erosion, and channel incision.  This in turn, has reduced 
floodplain connectivity, and may reduce summer baseflows (WSCC 2003).  However, in the 
Naches Pass and Quartz Mountain watersheds, the dense mature conifer stands in the riparian 
areas provide sufficient large woody debris recruitment causing a low hazard rating for LWD 
recruitment (WDNR 1994, 1995). 
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Fish Passage 

Within the Columbia River mainstem, hydropower operations have resulted in either complete or 
partial fish passage barriers both up and downstream.  Power operations have also affected fish 
movement through reservoirs by stranding fish in shallow areas and cutting off important 
spawning areas in tributary streams during drawdowns (Mainstem/Systemwide Habitat Summary 
2002). 

Adult and juvenile salmonids have been precluded from historic spawning and rearing habitats.  
Barriers in the Yakima and Wind basins have resulted from irrigation diversions (e.g., Toppenish 
and Ahtanum Creeks within the Yakima), dams at major storage reservoirs (e.g., Tieton, 
Bumping, Cle Elum, Keechelus, and Kachess dams within the Yakima; Hemlock Dam within the 
Wind; Condit Dam within the White Salmon), and by forest road culverts (e.g., Youngman and 
Oldman Creeks in the Wind Drainage, WSCC 2003).  Productive side-channel habitats have been 
blocked to fish by structures that constrict floodplains.  Bull trout access to smaller tributary 
streams has been blocked by low flows during drought periods and by extreme reservoir 
drawdown (WSCC 2001).  Natural barriers (deep canyons, falls and cascades) and man-made 
barriers (e.g., fishway/tunnel complex at Castile Falls and numerous road culverts) prevent access 
of anadromous fish within the Klickitat drainage (WSCC 1999).   

Fish access problems occur in Rock and Glade Creeks (WRIA 31) due to low or non-existent 
flows during the late summer, fall, and early winter; barrier road culverts (e.g. Pine Creek); and 
high stream temperatures in the lower reaches during summer and early fall (WSCC 2000). 

Water Quality Issues 

In WRIA 29, the mainstem of the White Salmon River has excellent flows and water 
temperatures year around, due to the fact that the majority of the flow is from glacial melt runoff 
and/or springs and seeps from the porous basalts that are present throughout much of the 
watershed.  However, two major tributaries (Rattlesnake and Trout Lake Creeks) are impaired by 
water temperatures that exceed State water quality standards for extended periods of time in the 
summer (WSCC 2003). The Wind River and several tributaries, especially Trout Creek, are 
impaired due to high temperatures (Pelletier 2002) but a TMDL has been completed.  High 
temperatures have also been recorded in the Little White Salmon River and Major Creek, which 
is impaired due to low instream flow as well. 

The Little Klickitat River and Swale Creek in WRIA 30 have been placed on the 303d list and are 
considered impaired for insufficient flows due to diversions from water supply and irrigation, and 
for high stream temperatures due to low flows and lack of stream shading (WSCC 1999, Brock 
and Stohr 2002).  The Little Klickitat River has a TMDL for temperature.   

Portions of the entire Columbia River mainstem are included on the 303(d) list and, at times, do 
not meet water quality standards for total dissolved gases.  Most of the river is listed for 
temperature (EPA Columbia and Snake River mainstem TMDL homepage). 

Increased water temperatures in the Yakima mainstem (WRIA 37) and many tributaries affect 
habitat suitability for spawning and rearing, and also increase suitability for predator species that 
are known to predate on juvenile salmonids.  Water temperatures are often naturally elevated in 
this region, but may be further exacerbated by human induced impacts, including loss of riparian 
function, altered hydrology, and increased erosion/fine sediment delivery (e.g. Trout, Crater, 
Compass, and Layout Creeks within the Wind Basin; Rock Creek (WSCC 2003); the Yakima 
Basin).  The Yakima River is also impaired due to low dissolved oxygen.     

High presence levels of toxic substances (e.g., pesticides) have been detected in sediment and fish 
tissue samples, particularly in mainstem and tributary areas with agricultural return flows (WSCC 
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2001).  Some resident fish in the Hanford Reach of the Columbia mainstem and the Yakima 
River have high concentrations of toxic organic chemicals (EPA 2002).  The Lower Yakima 
River has a TMDL for turbidity and DDT (Joy 1997).   

In WRIA 38, high temperatures have been recorded in the Naches River and its tributaries, 
including Cowiche Creek, Tieton River, Rattlesnake Creek, Bumping River and the Little Naches 
River.  The Naches River, Cowiche Creek and Tieton River are also impaired due to low instream 
flow.   

The Teanaway River has high temperatures and a temperature TMDL (Stohr and Leskie 2000).  It 
is also impaired due to low instream flow.  Other WRIA 39 waters with high temperatures and 
low instream flows include the Cle Elum River, Manastash Creek, Swauk Creek, Big Creek, and 
Taneum Creek.  Wenas Creek also has low instream flows. 

The State list of impaired waters, in compliance with Section 303(d) of the Clean Water Act, lists 
waters that do not meet water quality standards or fully protect beneficial uses (see 
http://www.ecy.wa.gov/programs/wq/303d/index.html).  Impairments to parameters in this 
region, such as temperature, turbidity, and dissolved oxygen, may be related to forest practices or 
other land uses.   

5.0 HABITAT TRENDS 

The major watersheds of the Middle Columbia region include the Wind River, White Salmon and 
Yakima River.  Other smaller creeks and river systems (within WRIA 31) flow directly into the 
Columbia River mainstem.  The land base of these smaller systems is predominately agricultural 
(50%) and rangeland (37%).  Less than 10% of the land base of these smaller creeks and river 
systems consists of forestland.  Much of this forested land also has active grazing allotments.  
Low or non-existent flows occur in most of these streams during the late summer, fall, and early 
winter which limits or precludes utilization by fall spawning adults and limits mobility of 
juveniles of all species (WSCC 2000). 

The Wind River watershed consists of predominately even-aged (50-150 years) coniferous 
forests.  Most of the watershed has been harvested in the past 150 years and is currently occupied 
by second-growth Douglas-fir stands.  Some remnant stands in excess of 300 years in age remain, 
predominantly along the Trout Creek and Dry Creek drainages (USFS 1996).  The seral stage 
make-up of the watershed has shifted over the last 150 years (USFS 1996): 58 to 22 percent in 
late-successional forest, 9 to 47 percent in mid-successional forest, 28 to 24 percent in early-
successional forest, and 5 to 7 percent in non-forest.  Between 1900 and 1930, fires naturally 
occurred; however after 1930, aggressive fire suppression was implemented.  Fires altered the 
pattern of LWD input, erosion, snow accumulation and snowmelt, peak flows, and summer low 
flows.  In this century, logging has replaced fire as the dominant land-disturbing event.  Some of 
the effects of logging can be similar to fires.  However, logging usually decreases available LWD 
recruitment to streams; whereas, fires would often increase available LWD, which could dampen 
the negative effects of some of the other factors mentioned above (USFS 1996, WSCC 2003). 

In the White Salmon Basin, widespread timber harvest began after the first access roads were 
established in 1882.  Near the turn of the century, splash dams became a common means of 
transporting logs down the White Salmon River.  Since 1882, at least 90 percent of the forests 
within the White Salmon basin have been harvested at least once.  Between 1890 and 1900, many 
open tracts were planted with orchards.  The Condit Dam was built in 1913, which blocked 
anadromous fish access to most of the basin.  Negotiations are currently underway to remove this 
dam and restore access.  Today, forestland management is the predominant land use.  Secondary 
land uses include agriculture, recreation, residential, and commercial development (WSCC 2003). 



 
  

Final EIS A-189 Middle Columbia 
  Regional Summary 

Appendix A  
The decline of salmonid stocks within the Yakima watershed occurred in two major phases.  The 
first phase, from 1850 through 1900, resulted in a decline of about 90 percent of historical salmon 
stocks (Davidson 1953, Tuck 1995, Lichatowich 1996; as cited in YSS 2001 DRAFT, WSCC 
2001).  The major causes of decline during this period were associated with water diversions, 
including fish passage barriers, loss of instream flow, and lack of juvenile fish screening (Tuck 
1993, WSCC 2001).  Other significant agricultural, logging, and mining impacts also occurred 
prior to 1900.   The second phase of major impacts occurred in the 1900s.  Construction of dams 
within the Yakima River Basin (i.e., Keechelus, Kachess, Cle Elum, Bumping, Tieton Rivers) to 
provide water storage for irrigation precluded anadromous salmonid passage to 112 miles of 
highly productive reaches upstream.  In addition, upstream adult fish passage was precluded at 
Roza Dam from its completion in 1940 until the installation of the fish ladder in 1989.  Fish 
passage barriers also resulted from construction of splash dams used for ponding and transport of 
logs throughout the upper Yakima River and tributaries.  Channel encroachment and floodplain 
confinement and alteration, associated with road construction and conversion to urban/suburban 
developments, have also adversely impacted the quantity and quality of salmonid habitat.  
Another major problem involved the complete dewatering of extensive river reaches downstream 
of the Cle Elum, Tieton, Wapatox, Keechelus, Sunnyside, and Prosser Dams.  Dewatering of 
these reaches precluded upstream migration of adult salmonids, reduced spawning habitat, 
dewatered redds, and impaired/eliminated juvenile salmonid rearing in these reaches (WSCC 
2001). 

It should be noted that for the Middle Columbia region overall, forestlands make up 
approximately 41 percent.  Of the total forestlands for the region, 67 percent are available for 
timber management, and 35 percent are regulated under the State forest practices rules (see 
Tables 3 and 4). 

6.0 FISH RESOURCES 

Salmonid Stocks 

Within the Middle Columbia region, three Federally listed fish species occur: Chinook salmon, 
steelhead and bull trout.  In the westernmost portion of the region, Chinook salmon are listed as 
threatened.  Steelhead are listed as threatened throughout the region except for the White Salmon 
River.  Bull trout are listed as threatened and are present in many parts of the region, but dams, 
water quality degradation, and other factors have fragmented their distribution.   

Within the Middle Columbia region, the pygmy whitefish, a State-listed sensitive species, is 
currently only known to occur within the Kachess, Keechelus, and Cle Ellum Lakes and 
associated tributaries (Hallock and Mongillo 1998).  Interior redband trout and westslope 
cutthroat are Federal Species of Concern. 

The following salmonids occur in the Middle Columbia region (Table 6).  The asterisk next to the 
species name indicates the species is introduced, and not native to the region.  This list should not 
be regarded as an exhaustive list of the species present.  In some cases, migratory salmonids may 
be listed as present within a WRIA merely because of its presence in the Columbia River 
mainstem. 
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Table 6.  Salmonid species presence by WRIA within the Middle Columbia Region 
(WDFW 2003). 
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Brown Trout*    X X X  X 
Bull Trout SC FT X X X X X X 
Chinook Fall  FT X X X X   
Chinook Spring  FT X X X X X X 
Chinook Summer   X X X X   
Coho Salmon   X X X X X  
Cutthroat Resident   X      
Cutthroat  Searun  FCo X X     
Cutthroat Westslope  FCo    X X X 
Eastern Brook Trout*   X X  X X X 
Kokanee Trout   X    X X 
Lake Trout*   X X     
Rainbow/Redband Trout  FCo X X X X X X 
Sockeye Salmon   X X X X   
Steelhead Summer  FT X X X X X X 
Steelhead Winter  FT X X X X   
Whitefish Lake*     X X   
Whitefish Mountain   X X  X X X 
Whitefish Pygmy SC       X 
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive 

(SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these 
definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 

 
Other Fish Species 

Table 7 is a list of non-salmonid species that exist in the Middle Columbia region (WDFW 2003, 
Wydoski and Whitney 2003).  The asterisk next to the species name indicates that the fish is not 
native to Washington State.  This list should not be regarded as an exhaustive list of the species 
present.  The Pacific and River Lamprey, both Federal species of concern, are present within the 
larger streams of the lower Yakima and Columbia Rivers (WDFW 2003, Wydoski and Whitney 
2003).  
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Table 7. Non-salmonid Fish Species by WRIA within the Middle Columbia Region 
(WDFW 2003, Wydoski and Whitney 2003). 
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Bass, Largemouth*     X X  X 
Bass, Smallmouth*     X X  X 
Bullhead Black*     X X   
Bullhead Brown*    X X X   
Bullhead General*      X   
Bullhead Yellow*     X X   
Burbot     X X   
Carp Common*     X X  X 
Carp Grass *   X X     
Catfish Channel*     X X   
Chiselmouth     X X X X 
Crappie Black*     X X   
Crappie General*   X X X X X X 
Crappie White*     X X  X 
Dace Leopard SC     X   
Dace Longnose   X   X X X 
Dace Speckled    X X X X X 
Dace Umatilla SC     X   
Lamprey General       X  
Lamprey Pacific  Fco X X X X   
Lamprey River SC Fco X      
Lamprey Western Brook   X      
Longfin Smelt   X      
Peamouth   X    X X 
Perch Yellow*     X X X X 
Pikeminnow Northern      X X X 
Redside Shiner   X X  X X X 
Sandroller SM  X X X X   
Sculpin Mottled     X X   
Sculpin Paiute      X X X 
Sculpin Prickly   X X X  X  
Sculpin Reticulate   X      
Sculpin Shorthead       X X 
Sculpin Torrent    X     
Starry Flounder       X  
Sturgeon White   X X X X X X 
Sucker Bridgelip    X X X X X 
Sucker Largescale   X X X X X X 
Sucker Longnose     X X   
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Table 7. Non-salmonid Fish Species by WRIA within the Middle Columbia Region 
(WDFW 2003, Wydoski and Whitney 2003) (continued). 
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Sucker Mountain SC     X  X 
Sunfish Pumpkinseed*   X X X X   
Sunfish General*   X X X X   
Threespine Stickleback     X    
Tui Chub   X X  X   
Walleye*     X X   
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive 

(SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these 
definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, Fco – Federal species of concern. 

 
Status of Salmonid Stocks  

The State and Tribal Stock status of stocks in the Middle Columbia region is shown by river basin 
in Table 8.  For State and Tribal Stock Status, Healthy refers to a stock of fish experiencing 
production levels consistent with its available habitat and within the natural variations in survival 
for the stock; Depressed refers to a stock of fish whose production is below expected levels based 
on available habitat and natural variations in survival rates, but above the level where permanent 
damage to the stock is likely; Critical refers to a stock of fish experiencing production levels that 
are so low that permanent damage to the stock is likely or has already occurred; and Unknown 
refers to a stock of fish which has insufficient information to rate stock status.  

The Wind River supports winter steelhead, fall chinook, and possibly limited numbers of coho 
(USFS 1996) and Bull Trout/Dolly Varden (personal communication, John Weinheimer, WDFW 
1999 in WSCC 2003) in its lower reaches below Shipherd Falls and in the Little Wind River.  
Historically, summer steelhead, winter steelhead, coho, fall chinook, chum, and searun cutthroat 
were present in the basin.  Spring chinook were introduced into the river in 1952 (WDW et al. 
1990).   

The White Salmon River is recognized as historic core habitat and necessary for recovery of bull 
trout in the Lower Columbia Recovery Unit (USFWS 2002).  Currently, no local populations of 
bull trout are known to exist in the White Salmon, though two sightings of bull trout have been 
reported upstream of Condit Dam in Northwestern Lake, as well as a few sightings downstream 
of Condit Dam (SaSI 1998).  Most other streams in WRIA 29 are not accessible to anadromous 
fish due to natural geological barriers (i.e., gorge wall) (WSCC 2003). 

Within the Klickitat drainage, all anadromous stocks, except possibly winter steelhead, are 
supplemented by the Klickitat Hatchery (WSCC 1999).  The only known local population of bull 
trout exists in the West Fork Klickitat River.  The Klickitat basin is considered to be a core area 
and necessary for recovery of bull trout (USFWS 2002). 
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Table 8.  State Stock Status for the Middle Columbia region’s Salmon, Steelhead, 
and Bull Trout.  [Information for salmon and steelhead was taken from the Draft SaSI 
(2002), and the information for bull trout was taken from SaSI (1998).]   

River Basin/WRIA Species Stock Status 
Wind-White Salmon (WRIA 29) 
Wind River Chinook Spring Healthy 
Wind River Chinook Tule Fall Critical 
White Salmon River Chinook Tule Fall Depressed 
Wind River Chinook Bright Fall Healthy 
White Salmon River Chinook Bright Fall Healthy 
Wind River Steelhead Summer Depressed 
White Salmon River Steelhead Summer Unknown 
Wind River Steelhead Winter  Unknown 
White Salmon River Steelhead Winter Unknown 
White Salmon River Bull Trout/Dolly Varden Unknown 
Klickitat (WRIA 30) 
Klickitat River  Chinook Spring Depressed 
Klickitat River Chinook Tule Fall Healthy 
Klickitat River Chinook Bright Fall Healthy 
Klickitat River Coho Unknown 
Klickitat River Steelhead Summer Unknown 
Klickitat River Steelhead Winter Unknown 
Klickitat River Bull Trout/Dolly Varden Unknown 
Rock-Glade (WRIA 31) 
Rock Creek Steelhead Summer Unknown 
Lower Yakima (WRIA 37) 
Yakima Chinook Bright Fall Healthy 
Marion Drain Chinook Fall Healthy 
Yakima Steelhead Summer Depressed 
Yakima  Bull Trout/Dolly Varden Critical 
Ahtanum Creek Bull Trout/Dolly Varden Critical 
Naches (WRIA 38) 
American River Chinook Spring Depressed 
Naches River Chinook Spring Depressed 
Naches River Bull Trout/Dolly Varden Critical 
Rimrock Lake Bull Trout/Dolly Varden Healthy 
Bumping Lake Bull Trout/Dolly Varden Depressed 
Upper Yakima (WRIA 39) 
Upper Yakima River Chinook Spring Depressed 
North Fork Teanaway Bull Trout/Dolly Varden Critical 
CleElum/Waptus Lakes Bull Trout/Dolly Varden Unknown 
Kachess Lake Bull Trout/Dolly Varden Critical 
Keechelus Lake Bull Trout/Dolly Varden Critical 
 
 
7.0 AMPHIBIANS 

The Middle Columbia region harbors 21 amphibian species, including the established introduced 
bullfrog (Dvornich et al. 1997, McAllister 1995), ranking it among the most amphibian rich areas 
in the state.  Of these 21, the largest assemblage (including the bullfrog) consists of 14 taxa that 
reproduce in stillwater habitat including lakes, oxbow, ponds, temporary pools, and other 
freshwater wetlands with sufficient stillwater habitat.  Stillwater habitats are largely 
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dichotomously split in elevation between high-elevation lakes and ponds, and lower elevation 
habitats associated with the riparian margins of larger stream or riverine systems.  As a large 
proportion of this habitat has been altered or lost (see Floodplain Conditions and Riparian 
Conditions sections), including habitat along the mainstem Columbia, significant impact to 
stillwater amphibians is presumed.   

Lowland stillwater habitats are also the habitats in which warmwater species have been 
introduced (bullfrogs and selected fish [catfish, mosquitofish, sunfish], see Table 7); and 
interactive facilitation among some introduced species, particularly bullfrogs and warmwater 
fishes, may promote their survival (Adams et al. 2003) and contribute to their potential negative 
effects on native amphibians (Adams 1999).  Of the remaining seven native amphibian species, 
three (ensatina, Larch Mountain salamander, and western red-backed salamander) reproduce in 
terrestrial habitats, and the remaining four (Cope’s giant salamander, coastal giant salamander, 
coastal tailed frog and Cascades torrent salamander) reproduce in streams, springs, or seeps 
(Table 9). 

Of the entire amphibian assemblage for the region, coastal tailed frog (Ascaphus truei) and 
Cascades torrent salamander (Rhyacotriton cascadae) are the only two Forest Practices HCP-
covered species (Table 9).  The known distribution of both species lies entirely within WRIA 29, 
which represents the most pluvial portion of the Middle Columbia region.  Known distributions 
may be conservative as no systematic survey, either to understand distribution or determine status 
(i.e., surveys of historic sites) has been performed in the region.  Currently, too few data exist 
even to perform a status survey for either species because of lack of a baseline.  Both species may 
be at some level of risk because sedimentation has the potential to substantially reduce its 
instream habitat (Bury 1983, Bury and Corn 1988, Corn and Bury 1989).  Timber harvest, which 
can result in significant sedimentation (Beschta 1978, Jakob 1999), occurs over most of the 
Middle Columbia region where these two species occur (see Habitat Trends section). 

Although not covered under this Forest Practices HCP, seven other amphibians (namely 
northwestern salamander [Ambystoma gracile], long-toed salamander [Ambystoma 
macrodactylum], western toad, Pacific treefrog [Hyla regilla], northern red-legged frog [Rana 
aurora], Cascades frog [Rana cascadae], and rough-skinned newt [Taricha granulosa]) may 
receive some protection as a result of Forests and Fish patch buffer prescriptions.  Two of these 
species, western toad and Cascades frog have State watchlist (special concern) status (WDFW 
2001).  Both have declined elsewhere in their geographic ranges (Carey 1993, Fellers and Drost 
1993), but their status in the Mid-Columbia is unknown.  Development and hydrological 
alteration may have resulted in habitat loss for western toads at low elevations. 

Table 9.  Forests and Fish Amphibians of the Middle Columbia Region. 
 

Habitat 
Active Season 

Group Name 
Breedin

g 
Non-

Breeding 
Over-

wintering Regional Distribution 

Frogs 
Coastal tailed frog  
Ascaphus truei 

streams streams terrestrial WRIA 29; west margin of 
WRIAs 30, 38, 39 

Salamanders 
Cascades torrent 
salamander 
Rhyacotriton cascadae 

stillwater terrestrial terrestrial Known only from WRIA 29 

 

 



 
  

Final EIS A-195 Middle Columbia 
  Regional Summary 

Appendix A  
REFERENCES  
 
Adams, M.J.  1999.  Correlated factors in amphibian declines: Exotic species and habitat change 
in western Washington.  Journal of Wildlife Management 63(4):1162-1171. 
 
Adams, M.J., C.A. Pearl, and R.B. Bury.  2003.  Indirect facilitation of an anuran invasion by 
non-native fishes.  Ecology Letters 6:343-351. 
 
Beschta, M. 1978. Long-term patterns of sediment production following road construction and 
logging in the Oregon Coast Range. Water Resources Research 14(6):1011-1016. 
 
Boise-Cascade Corporation.  1996.  North Fork Teanaway watershed analysis.  Washington 
Department of Natural Resources, Forest Practices Division.  Olympia, WA. 
 
Boise-Cascade Corporation.  1999.  Upper Little Klickitat watershed analysis (includes Butler 
Creek, Brooks, and West Prong watershed administrative units).  Washington Department of 
Natural Resources, Forest Practices Division.  Olympia, WA. 
 
Brock, S. and A. Stohr.  2002.  Little Klickitat River Watershed Temperature Total Maximum 
Daily Load.  Washington State Department of Ecology.  Olympia, Washington.  Publication No. 
02-03-031. 
 
Bury, R.B. 1983. Differences in amphibian populations in logged and old growth redwood forest. 
Northwest Science 57(2):167-178. 
 
Bury, R.B. and P.S. Corn. 1988. Responses of aquatic and streamside amphibians to timber 
harvest: a review. Pp. 165-181. In: Raedeke, K.J. (editor), Streamside management: riparian 
wildlife and forestry interactions: Proceedings of a symposium; 1987 Feb. 11-13; Institute of 
Forest Resources, University of Washington, Seattle, Contribution 59.  
 

Carey, C. 1993. Hypothesis concerning the causes of the disappearance of boreal toads from the 
mountains of Colorado. Conservation Biology 7:355-362. 
 
Corn, P.S. and R.B. Bury. 1989. Logging in western Oregon: responses of headwater habitats and 
stream amphibians. Forest Ecology and Management 29(1):39-57. 
 
Dvornich, K.M., K.R. McAllister, and K.B. Aubry.  1997. Amphibians and reptiles of 
Washington State:  Location data and predicted distributions, Volume 2 in Washington State Gap 
Analysis – Final Report. (K.M. Cassidy, C.E. Grue, M.R. Smith, and K.M. Dvornich, eds.), 
Washington Cooperative Fish and Wildlife Research Unit, University of Washington, Seattle. 146 
pp. 
 
[EPA] U.S. Environmental Protection Agency. Columbia and Snake River Mainstem TMDL 
Homepage. http://yosemite.epa.gov/R10/water.ns. 
 
[EPA] U.S. Environmental Protection Agency.  2002. Columbia River Basin Fish Contaminant 
Survey (1996-1998). Rpt# EPA 910-R-02-006. Region 10, Seattle, WA. 
 
Fellers, G.M., and C.A. Drost. 1993. Disappearance of the Cascades frog Rana cascadae at the 
southern end of its range, California, USA. Biological Conservation 65:177-181. 



 
 

Middle Columbia A-196 Final EIS 
Regional Summary 

Appendix A   
 
Hallock, M. and P.E. Mongillo. 1998. Washington State Status Report for the Pygmy Whitefish. 
Washington Department of Fish and Wildlife. Olympia, WA. September 1998. 
 
Jakob, M. 1999. The impacts of logging on landslide activity at Clayoquot Sound, British 
Columbia. Catena 38(4):1-22. 
 
Joy, J.  1997.  A Suspended Sediment and DDT Total Maximum Daily Load Evaluation Report 
for the Yakima River.  Washington State Department of Ecology.  Olympia, Washington.  
Publication No. 97-321. 
 
Lasmanis, R.  1991.  The geology of Washington.  Rocks and Minerals, 66(4): 262-277. 
 
Mainstem Columbia River Subbasin Summary (Columbia Plateau Province). DRAFT. 2001.  
Prepared for NWPPC. August 2001. 
 
Mainstem/Systemwide Habitat Summary. DRAFT. 2002. Prepared for NWPPC. October 2002. 
 
McAllister, K.R. 1995. Distribution of amphibians and reptiles of Washington State.  Northwest 
Fauna (3):1-35. 
 
Pelletier, G.  Wind River Watershed Temperature Total Maximum Daily Load.  Washington State 
Department of Ecology, Olympia, Washington.  Publication No. 02-03-010. 
 
Plum Creek Timber Company.  1997.  Big Creek watershed analysis.  Washington Department of 
Natural Resources, Forest Practices Division.  Olympia, WA. 
 
Quigley, T.M. and S.J. Arbelbide, tech. eds. 1997.  An assessment of ecosystem components in 
the Interior Columbia Basin and portions of the Klamath and Great Basins: Volume III. Gen. 
Tech. Rpt. PNW-GTR-405. U.S. Dept. of Agriculture, Forest Service, Pacific Northwest 
Research Station, Portland, OR. 4 vol. 
 
Rogers, L.  2003.  Small forest landowner database: the assessment of non-industrial private 
forestlands by water resource inventory area.  UW IAA 03-146.  Rural Technology Inititiative, 
University of Washington, Seattle. 
 
[SaSI] Washington State Salmonid Stock Inventory, Bull Trout/Dolly Varden. Washington 
Department of Fish and Wildlife, July 1998. 
 
[SaSI] Washington Department of Fish and Wildlife and Western Washington Treaty Indian 
Tribes. Draft 2002 Washington State Salmonid Stock Inventory. Salmon and Steelhead Volume, 
Washington Department of Fish and Wildlife, Olympia, Washington. 
 
Stohr, A. and S. Leskie.  2000.  Teanaway River Basin Temperature Pilot Technical Assessment.  
Washington State Department of Ecology, Olympia, Washington.  Publication No. 00-03-015. 
Tuck, R. 1993.  History and status of anadromous salmonids in Ahtanum Creek, Washington.  
Eco-Northwest, Granger, WA. 
 
USFWS.  Bull Trout Draft Recovery Plan for the Columbia River DPS. Portland, Oregon. 
October 2002. 
 



 
  

Final EIS A-197 Middle Columbia 
  Regional Summary 

Appendix A  
United States Forest Service. 1996.  Wind River basin watershed analysis. Stabler, WA. 
 
[WDOE] Washington Department of Ecology.  1998.  Final 1998 Section 303(d) List web page:  
http://www.ecy.wa.gov/programs/wq/303d/1998/1998_by_wrias.html.   
 
[WDNR] Washington Department of Natural Resources. 1994. Quartz Mountain Watershed 
Analysis. Olympia, Washington. 
 
[WDNR] Washington Department of Natural Resources. 1995. Naches Pass Watershed Analysis. 
Olympia, Washington. 
 
[WDNR] Washington Department of Natural Resources. 2001. Final Environmental Impact 
Statement on Alternatives for Forest Practices Rules for Aquatic and Riparian Resources. 
Olympia, Washington. 
 
[WDW] Washington Dept. of Wildlife, Confederated Tribes and Bands of Yakima Indian Nation, 
Washington Dept. of Fisheries. 1990. Wind River subbasin salmon and steelhead production plan. 
Olympia, WA. 
 
[WDFW] Washington Dept. of Fish and Wildlife. 2001. Priority Species and Habitats List. 
 
[WDFW} Washington Dept. of Fish and Wildlife. 2003. General Species and Habitat List by 
WRIA.  Taken from WDFW GIS databases. November 2003. 
 
[WSCC] Washington State Conservation Commission. 1999.  Salmonid Habitat Limiting Factors 
Analysis – WRIA 30 (Don Haring, 1999). 
 
[WSCC] Washington State Conservation Commission. 2000. Salmonid Habitat Limiting Factors 
Analysis – Water Resource Inventory Area 31 (Kevin Lautz, January, 2000). 
 
[WSCC] Washington State Conservation Commission. 2001. Salmonid Habitat Limiting Factors 
Analysis – Yakima River Watershed (Don Haring, December 2001). 
 
[WSCC] Washington State Conservation Commission. 2003. Salmonid Habitat Limiting Factors 
Analysis – White Salmon River Watershed (Don Haring, April, 2003). 
 
Wydoski, R.S. and R.L. Whitney. 2003. Inland Fishes of Washington, 2nd Edition. ed. American 
Fisheries Society and University of Washington Press.  
 
Yakima Subbasin Summary. 2001 (DRAFT). Prepared for the Northwest Power Planning 
Council. Laura Berg, editor, Yakama Nation. 



 

 

 



  

Final EIS A-199 Upper Columbia – Downstream of 
  Grand Coulee Regional Summary 

Appendix A  

UPPER COLUMBIA –  
DOWNSTREAM OF GRAND COULEE 

REGIONAL SUMMARY



 

 

 



 
 

Final EIS A-201 Upper Columbia – Downstream of 
  Grand Coulee Regional Summary 

Appendix A  

UPPER COLUMBIA – DOWNSTREAM OF GRAND 
COULEE REGIONAL SUMMARY 

 
1.0 PHYSICAL DESCRIPTION 

The Upper Columbia - Downstream region (downstream of Grand Coulee Dam) includes the 
mainstem of the Columbia River and its tributaries to Grand Coulee Dam; this includes eight 
WRIAs (40, 44, 45, 46, 47, 48, 49, and 50).  Major stream systems within the region are the 
Wenatachee River, Entiat River, Methow River, Okanogan River, and Lake Chelan with its 
tributaries.  Portions of Kittitas, Chelan, Douglas, and Okanogan Counties are contained within 
the Upper Columbia - Downstream region. A map of the Upper Columbia - Downstream region is 
provided in Figure 1.  

Covered lands of the Upper Columbia region downstream from Grand Coulee Dam lie within the 
Northern Cascades and Okanogan Highlands physiographic provinces (Lasmanis 1991).  
Elevations range from approximately 500 feet along the Columbia River to over 8,000 feet along 
the Cascade crest.   

General Geology 
The Upper Columbia - Downstream region includes portions of two geological provinces:  (1) the 
Northern Cascades, roughly the western two-thirds of the Upper Columbia – Downstream region 
(west of the Okanogan and Columbia Rivers); and (2) the Okanogan Highlands, the remaining 
third of the Upper Columbia - Downstream region largely east of the Okanogan River. 

Jagged mountain topography shadowing glaciation-formed steep-sided, U-shaped valleys 
characterizes the Northern Cascades Province, a part of the area with the highest density of alpine 
glaciers in the continental United States.  Mesozoic crystalline and metamorphic rocks dominate 
parent geology.  Drainages generally face east from a Cascade Mountains crest largely > 2,200 meters 
(approximately 7200 feet) and regionally dominated by the 3,185-meter (10,450 feet) stratovolcano, 
Glacier Peak, which lies just west of the crest outside the Upper Columbia - Downstream region. 
Well-drained glacial till, in highly variable fine- to coarse-textured deposits, exists in virtually every 
major valley.  Rapid geologic erosion on steep slopes has restricted soil formation over large areas 
resulting in rocklands and shallow stony soils.  Soils east of the Cascade crest reflect their drier 
formation conditions, frequently influenced by volcanic ash and, in areas, by loess; soil textures range 
from stone-free silt loams to cobble-strewn loams (Franklin and Dyrness 1973). 

In contrast, a shallower topography with moderate slopes; broad, rounded summits; and wide V-
shaped valleys characterize the Okanogan Highlands Province.  Excepting the main river valleys, 
most of the province is above 1,200 meters (approximately 4000 feet); several peaks extend over 
2,400 meters (approximately 8000 feet).  Mesozoic era granitic rocks dominate parent materials 
and tertiary deposits are largely confined to areas adjacent to main river valleys.  Columbia River 
Basalt extends across the Columbia River into the province in an area south of Okanogan.  The 
soil patterns are closely tied to elevation.  Montane areas away from major river valleys typically 
have shallow gravelly or silty loams of glacial origin derived from granitic parent materials.  
Montane soils may have considerable volcanic ash, resulting in superficial silt loam with 
underlying gravelly loam.  At lower elevations, along the margins of rivers, soils (predominantly 
glacial till) reflect the drier climate and transitional forest-grassland vegetation.  Lower elevation 
soils occupying terraces and floodplains are typically coarse textured, deeper, and well drained, 
and largely derived from glacial outwash sands and gravels (Franklin and Dyrness 1973).
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Information concerning erosion processes in the Upper Columbia - Downstream region has been 
extracted from the following watershed analyses conducted in the Upper Columbia - Downstream 
region and the Middle Columbia planning region:  Huckleberry Creek (WDNR 1995f); North 
Fork Teanaway (Boise-Cascade 1996); LeClerc (WDNR 1997c). 

Erosion in the Upper Columbia - Downstream region is low relative to regions west of the 
Cascade Crest.  This is primarily due to more moderate topography and lower rainfall, although 
more competent rock types found in some areas also contribute to more stable conditions. 

Watershed analyses conducted in adjacent regions have documented very low rates of mass 
wasting.  Landslide densities ranging from 0.01 to 0.04 landslides/ mi2/year have been reported 
and are assumed to be representative of conditions in the region (WDNR 1995f; Boise-Cascade 
1996; WDNR 1997c).  Debris avalanches and large, ancient deep-seated landslides are the most 
common landslide types; debris flows and debris torrents also occur but are infrequent. 

Hillslope surface erosion can contribute substantial volumes of sediment where soils immediately 
adjacent to streams are heavily disturbed. 

General Hydrology 

The climate of the region differs greatly from areas west of the Cascades.  Most areas receive less 
precipitation and temperature ranges are more extreme.  The region has a marine-continental 
climate characterized by cold winters and hot summers.  Most precipitation falls as snow during 
the winter, although spring and summer rains are common.  Average annual precipitation for 
forested areas of the region range from 15 inches along the northern Cascade foothills to over 80 
inches at higher elevations. 

Accumulations of heavy snowfall along the North Cascades mountain axis serves as the water 
storage for summer flows.  Channels draining lower foothills lack this storage, and are more 
prone to seasonal drying.  Summers are typically very dry, especially at lower elevations.  In dry 
years with reduced snowpacks, instream flows become severely reduced, resulting in dewatered 
reaches and substantially higher summertime water temperatures (WSCC 2000). 

In the Methow River headwaters, annual precipitation ranges from over 80 inches along the 
Cascade Crest to approximately 10 inches near the town of Pateros.  Approximately two-thirds of 
the precipitation occurs between October and March, mostly in the form of snow.  Summers are 
generally hot and dry with infrequent precipitation coming from brief and intense thunderstorms.  
In fall, precipitation increases and generally peaks in the winter between December and February 
in the form of snowfall (WSCC 2000). 

In the Methow watershed, seasonal hydrology is dominated by snowmelt, with peak flows 
occurring during spring and early summer.  Rainfall driven peak flows may occur in November 
and December.  From September to March, stream flow is sustained by groundwater, autumn 
precipitation, and limited snowmelt  (WSCC 2000). 

Major forested watersheds in the Upper Columbia - Downstream region include the Wenatchee, 
Entiat, Methow, and Okanogan rivers.  These rivers, including Lake Chelan, are all tributary to 
the Columbia River.  The rivers have a snowmelt-driven hydrologic regime where most peak 
flows occur from April through June in response to spring snowmelt.  However, large magnitude 
peak flows result from rain-on-snow precipitation events that occur during the fall and winter 
months.  Low flows generally occur during late summer and early fall, although extreme cold can 
substantially reduce flows during the winter. Based on the DNR stream hydrography GIS 
coverage, there are approximately 23,240 stream-miles (both fish-bearing and non-fish streams) 
in the Upper Columbia - Downstream region, with an average stream density of 2.32 stream 
miles/mile2 (Table 1). 
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2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 51 percent of all lands in the Upper Columbia – Downstream region are in 
Federal ownership and a portion of these lands (about 19 percent of all lands) are being managed 
for long-term preservation, primarily in national parks, wildernesses, and national wildlife refuges 
(Table 2). Another large portion of these Federal lands is being managed by the Forest Service 
outside of wilderness (25 percent of all lands); a substantial portion of these non-wilderness 
National Forest System lands is being managed under a very limited management status (e.g., 
LSRs, Managed LSAs, AMAs, or Riparian Reserves) according to the Northwest Forest Plan.  
The remainder of the Federal lands (7 percent of all lands) are being managed by other agencies.  
Tribal lands represent 7 percent of the region.  State lands represent 12 percent of all lands in the 
region, private lands represent 31 percent, and city/county lands represent much less than 1 
percent. 

The WRIAs differ markedly in their ownership.  The Wenatchee, Entiat, Chelan, and Methow 
WRIAs are dominated by Federal lands (80 to 86 percent) in the Wenatchee and Okanogan 
National Forests.  In contrast, the Foster and Moses Coulee WRIAs contain only 2 and 6 percent 
Federal lands, respectively.   

Land Cover and Land Use 

Forestland makes up approximately 43 percent of the Upper Columbia - Downstream region and 
shrubland and grassland together also comprise about 43 percent (Table 3).  Agricultural lands 
make up 9 percent and the remaining 4 percent consist of water/wetlands and ice, snow, and bare 
rock.  The percent forestland within each WRIA varies considerably, ranging from a low of 1 
percent in the Moses Coulee WRIA to a high of 74 percent in the Wenatchee WRIA. 
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Upper Columbia – Downstream of A-208 Final EIS 
Grand Coulee Regional Summary 

Appendix A   

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 78 percent of the forestlands in the Upper Columbia - Downstream region are in 
Federal ownership, 4 percent are in Tribal ownership, 9 percent are in State ownership, and 9 
percent are in private or other ownership (Table 4).  A Federal or State preservation or limited 
management status covers approximately 46 percent of the forestlands in the region.  
Approximately 37 percent of the forestlands are available for Federal or Tribal timber 
management.  State timber management may occur on approximately 8 percent of the forestlands 
and 9 percent of the forestlands are in private, county, city, or tribal ownership, where timber 
management may occur. Overall, lands covered by the forest practices rules represent 
approximately 17 percent of the forestlands in the region (see Figure 1, which displays these 
lands). Existing riparian HCPs cover none of the State-managed lands (although an HCP relating 
to some wildlife covers 12 percent of the State lands in the region) and only about 0.1 percent of 
the combined private, county, and city ownerships.  

More than half of the forestlands under the State forest practices rules in the region, occur in the 
Okanogan WRIA.  This WRIA contains the largest acreage of both State and privately managed 
lands (167,535 acres of State lands and 107,596 acres of private.city/county lands).  Another 
WRIA with a high acreage (86,090 acres) of privately managed forestlands is the Wenatchee 
WRIA.  All other WRIAs have less than 35,000 acres of combined State and privately managed 
forestlands. 

Small, 20-acre exempt forest landowners make up about 0.3 percent of the forestlands and about 
1.5 percent of the forestlands subject to forest practices rules in the Upper Columbia - 
Downstream region, based on the analysis by Rogers (2003).  Although this analysis may 
represent an underestimate, it is believed to have identified the majority of all small, 20-acre 
exempt parcels (personal communication, Luke Rogers, Rural Technology Initiative, University 
of Washington, May 2004). The highest percentage (about 1 percent of the forestland) is in the 
Moses Coulee WRIA and the lowest percentage (less than 0.1 percent) is in the Methow WRIA. 

Approximately 3,130 stream miles occur on lands subject to forest practices rules in the Upper 
Columbia – Downstream region (Table 5).  This represents 13 percent of all streams in the region.  
Approximately 2,629 miles or 84 percent of the 3,130 stream miles on lands subject to forest 
practices rules are estimated to be fish-bearing stream miles (based on existing water typing and 
gradient analysis on sample areas).  The percentage of all streams on small, 20-acre exempt forest 
landowner parcels in this region is estimated to about 0.6 percent and the percentage of all fish-
bearing streams on small, 20-acre exempt forest landowner parcels is about 0.8 percent (Rogers 
2003). 
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4.0 HABITAT LIMITING FACTORS 

Primary Regional Factors 

The predominant limiting factor for the Columbia mainstem has generally been the result of the 
development and operation of hydropower and storage dams.  Other human activities associated 
with farming, irrigation, grazing, urban and suburban development and transportation have also 
contributed to habitat degradation.  Exotic species have competed and often displaced native 
species (Draft Mainstem Columbia River Subbasin Summary 2001, Mainstem/Systemwide 
Habitat Summary 2002). 

Within the Upper Columbia - Downstream region, habitat limiting factors naturally occur within 
the environment, such as extreme winter conditions, summertime high water temperatures, 
reduced stream flows, and natural disturbances such as fire, flood, and landslides.  However, 
various land management practices have exacerbated the influence of these limiting factors by 
further altering natural processes.  These human-induced alterations have occurred primarily in 
lower gradient, lower elevation reaches of watersheds and include road building and placement, 
conversion of riparian habitat to agriculture and residential development, water diversions, 
reduced LWD recruitment, and flood control efforts (WSCC 2000, 2001).  In Cub, Boulder, 
Eightmile and Falls creeks (all in the Chewuch River subwatershed), and in the Goat, Beaver, 
Libby and Gold creek drainages, impacts also extend into the upper reaches of the drainages.  
These impacts are mostly the result of past timber harvest operations, road building and 
placement, and grazing (WSCC 2000).  Overall, habitat quality is rated higher within the upper 
reaches of the watersheds (e.g., Methow, Wenatchee, and Entiat) (WSCC 2000, 2001).  

A lack of juvenile overwintering habitat appears to be the most limiting condition to sustaining 
salmon populations in the Entiat watershed.  This pattern is a function of the alteration of the 
natural hydrologic and geomorphic processes in the watershed resulting from losses in floodplain 
connectivity and riparian zone conditions (USDA NRCS Stream Team 1998, USFS 1996, Rocky 
Reach Dam Hydroelectric Facility et al. 1998, WSCC 1999). 

Within the Okanogan basin, barriers to fish migration, elevated temperatures, and sedimentation 
are among the primary limiting factors to anadromous fish reproductive success.  Unnaturally 
warmer waters, low velocities and heavy sedimentation in the mainstem favor exotic species, 
which can compete with native stocks (Okanogan/ Similkameen Subbasin Plan 2002). 

Sedimentation/Mass Wasting 

Chronic and catastrophic sediment delivery to streams (correlated with highly erodible soils, 
exacerbated by high road densities, road placements, and grazing) and reduced levels of LWD 
(from stream cleanouts and loss of riparian recruitment material) are driving habitat degradation 
in the lower half of the Chewuch River, Libby Creek, Gold Creek and Boulder Creek drainages 
(WSCC 2000).  Grazing has been identified as a limiting factor for bull trout in riparian areas 
adjacent to the Twisp River, lower Wolf Creek, Upper Methow River, Chewuch River, 
Buttermilk Creek, Gold Creek and Goat Creek (USFWS 2002). 

Sediment delivery from high road densities on Forest Service lands is one of the most important 
impacts driving habitat degradation in Chumstick Creek, which is considered one of the most 
problematic drainages in the entire Wenatchee basin relative to land use impacts and management 
issues.  The second most important habitat limiting factor in the basin comes from road location 
and density in the Little Wenatchee River drainage, with emphasis on the lower reaches of the 
mainstem and Rainy Creek (WSCC 2001).  High road densities have also been identified in the 
Entiat River and Methow River basins as contributing towards habitat degradation (USFS 2002). 
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Sedimentation of the Okanogan mainstem and tributary systems is primarily attributed to roads, 
logging, agricultural practices, and hydrological manipulations.  Roads are likely the greatest 
contributing source of sediment to streams in the Okanogan watershed.  Road densities in most 
Okanogan sub-watersheds exceed 4 miles/mile2 (Okanogan/ Similkameen Subbasin Planning 
2002).  According to Cederholm et al. (1981), sediment delivery to streams is considered to be 
greater than natural erosion rates when road densities exceed 4 miles/mile2.  Within the Omak 
subwatershed, bank erosion from heavy livestock grazing and high road densities have been 
identified as significant sources of sediment (Okanogan/Similkameen Subbasin Plan 2002). 

Riparian/Floodplain and Wetland Conditions 

Within the Columbia River, most of the mainstem habitat has been reduced to a single channel; 
floodplains have been reduced in size, and off-channel habitat features have been lost or 
disconnected from the main channel (Mainstem/Systemwide Habitat Summary 2002). 

Floodplain connectivity, side channel habitat, and riparian function is especially limiting within 
the Entiat and Methow watersheds (e.g. Entiat mainstem, Mad River, Stormy Creek, Stillwaters 
Reach, and Roaring Creek; Methow River watershed; WSCC 1999). 

The alluvial fans of every major tributary to the Methow River, from the Lost River to the town 
of Winthrop, have been diked and channelized to some extent (Lost River, Early Winters Creek, 
Goat Creek, Wolf Creek, Chewuch tributaries, Twisp River).  Accelerated bank destabilization is 
occurring where riparian lands have been converted to residential and agricultural use (WSCC 
2000). 

To provide for year-around spawning, rearing and migratory habitat needs of all life history 
stages of spring and summer chinook salmon, steelhead trout, sockeye salmon and bull trout, 
floodplain habitat along the Wenatchee River corridor must provide accessible, high quality off-
channel habitat.  Maintaining and restoring these habitat conditions within the mainstem 
Wenatchee River has the greatest potential to improve salmonid fish production in the watershed.  
In order to maintain connectivity within the Nason Creek, Icicle Creek, Mission Creek, and 
Peshastin Creek watersheds, floodplain function and riparian habitat in the lower reaches of those 
streams need to be restored.  Loss of floodplain and off channel habitat is also the greatest threat 
to salmonid production in the White/Little Wenatchee Watershed, which has among the best 
aquatic habitat and strongest native fish populations within the Columbia basin (USFS 1998; 
WSCC 2001). 

Within the Okanogan River, floodplain connectivity is limited due to the presence of Highway 
97.  The river is also slightly entrenched and the control of the water level does not allow the 
channel to overflow its banks into the floodplain (Okanogan/Similkameen Subbasin Plan 2002). 

Channel/Hydrology Conditions 

Within the Columbia mainstem, the natural hydrograph has been altered by storage dams, 
decreasing spring and summer flows and increasing fall and winter flows.  This alteration has 
affected most associated channel conditions such as floodplains, off-channel habitat, LWD, and 
water velocities (Mainstem/Systemwide Habitat Summary 2002). 

As part of the Limiting Factors Analyses (WSCC 1999), the transport zone of the upper Entiat 
system has been rated to have good to excellent habitat quality with habitat diversity provided by 
side channels, boulders and LWD.  Within the Transitional Zone (mid-Entiat), the aquatic habitat 
has been modified from historic conditions, with 30-60 percent loss of pools in the mainstem and 
a contrasting recovery of pool habitat in the Mad River.  Some channel reaches have been locally 
impacted by timber harvest in tributaries and at road crossings.  However, the habitat is rated fair 
to excellent in the transitional zone and is primarily used by bull trout and other resident fishes.  
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The lower depositional zone of the Entiat is the principal spawning/rearing habitat for 
anadromous fish.  This zone has poor to fair habitat quality with low levels of LWD, a 90 percent 
reduction of pools, and high levels of fine sediment, largely the result of past flood control efforts 
(WSCC 1999). 

Within the mainstem Okanogan, high levels of fine sediments, silt, and mud has resulted in low 
quality in-channel habitat (Okanogan/Similkameen Subbasin Plan 2002).   

Large Woody Debris 

The amount of LWD (large snags and log structures) has been reduced in the Columbia River 
mainstem (Mainstem/Systemwide Habitat Summary 2002). 

Large woody debris levels are inadequate throughout the upper and middle Methow River 
watersheds, although LWD has been improving and reaching “adequate” levels from the 
headwaters to Goat Creek.  Removal of large riparian trees along the lower 25 miles of the 
Chewuch River, the lower reaches of Lake Creek, and the lower 15 miles of the Twisp River have 
reduced LWD levels (WSCC 2000).  Large woody debris is virtually nonexistent in the 
Okanogan mainstem (Okanogan/Similkameen Subbasin Plan 2002). 

Past timber harvest within riparian areas on the mainstem Little Wenatchee and Rainy Creek has 
reduced potential for LWD recruitment, altered runoff and water storage patterns, and increased 
fine sediment input into receiving waters (WSCC 2001). 

Fish Passage 

Within the Columbia River mainstem, hydropower operations have resulted in either complete or 
partial fish passage barriers both up and downstream.  Power operations have also affected fish 
movement through reservoirs by stranding fish in shallow areas and cutting off important 
spawning areas in tributary streams during drawdowns (Mainstem/Systemwide Habitat Summary 
2002). 

Unscreened, inadequately screened, and improperly designed surface water diversions (pumps 
and ditches) and dams pose a direct threat to salmonids in the Entiat watershed (WSCC 1999). 

Numerous man-made fish passage barriers and unscreened water diversions have been identified 
in the Beaver Creek drainage (Methow watershed WSCC 2000). 

On Icicle Creek (Wenatchee watershed), reestablishing fish passage at man-made barriers as well 
as barriers resulting from low flows and high stream temperatures would provide access to a 
highly functional watershed (WSCC 2001).  

The Okanogan River and most tributaries have man-made barriers, including dams, culverts, and 
dewatered stream channels.  Twenty-one dams exist within the U.S. portion of the Okanogan 
watershed.  The Similkameen River is impassable to all anadromous salmonids at Enloe Dam, 
with 95 percent of the available potential fish habitat upstream.  Diversions in Loup Loup, 
Salmon Creek and Antoine Creek prevent full use of the habitat potentially available in those 
systems (Okanogan/Similkameen Subbasin Plan 2002). 

Water Quality Issues 

Portions of the Columbia River mainstem do not meet water quality standards for total dissolved 
gases or temperature (EPA Columbia and Snake River mainstem TMDL homepage). 

The lower reach of the Entiat River (WRIA 46) is considered impaired due to high temperature 
and low instream flow.  The Mad River also has high stream temperatures, but reports have 
shown that these temperature exceedances have mostly resulted from natural geology and 
hydrology of the system (USFS 1999, WSCC 1999).   
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Portions of the mainstem Methow River (WRIA 48), from Robinson Creek downstream to the 
Weeman bridge, naturally dewater during drought years.  Low flows also occur in the lower 8 
miles of the Chewuch River, the lower 4 miles of the Twisp River, the lower Wolf Creek, and the 
lower portions of Libby and Gold creeks (WSCC 2000).  The Methow and Twisp Rivers also 
have elevated water temperatures.  High water temperatures in lower and middle Goat Creek 
could be attributed to the aspect of the drainage, the lack of seeps and springs in the confined 
channel, and the removal of vegetative cover in Goat Creek and its tributaries (USFS 2000). 

Within some areas of the Wenatchee basin (WRIA 45), low instream flows and dewatering 
naturally occur due to climatic and geologic conditions.  However, water diversions and 
withdrawals also contribute to low flows and high stream temperatures in the lower Wenatchee 
River, lower Icicle Creek, Peshastin Creek and Mission Creek.  Stream temperature is also a 
limiting factor in the lower Chiwawa River (WSCC 2001).  Low dissolved oxygen has been 
recorded in some WRIA 45 waters including the Wenatchee River and Icicle Creek (WDOE 
1998, 2003). 

In WRIA 49, portions of the Okanogan River are impaired due to high temperatures and low 
dissolved oxygen. The Similkameen River at times fails to meet water quality standards for 
temperature and arsenic, and Salmon Creek is impaired due to low instream flow.  Stream flow in 
the Okanogan River, as well as most of the tributaries, has been altered for flood control, 
irrigation, and recreation activities.  As a result, the natural hydrograph has been severely altered 
and is likely a key limiting factor in this system (Okanogan/Similkameen Subbasin Plan 2002).  

5.0 HABITAT TRENDS 

Past and present land uses have altered the landscape.  Sheep grazing, especially in the late 
1800’s and early 1900’s has contributed to altering the natural plant community (especially in the 
Entiat and Wenatchee basins).  In addition, logging and agriculture (primarily orchards) are 
ongoing uses that have changed the makeup of the vegetation (WSCC 1999, 2001).  From the 
1930’s to present, the development of the Columbia River for hydroelectric power production, 
hatchery mitigation programs, fishing harvest pressures, degradation of tributary habitats, and the 
loss of Columbia River estuary rearing areas for juvenile anadromous salmonids have contributed 
to suppressing naturally producing anadromous salmonid runs in the Methow basin [and other 
watersheds in the Upper Columbia - Downstream region] (USFS 1995).  With the construction of 
the Grand Coulee Dam in 1939, anadromous salmonids were barred from 1,140 miles of potential 
spawning and rearing habitat in the upper Columbia River drainage (Fish and Havana 1948, 
WSCC 2000).   

Forestlands currently make up approximately 43 percent of the Upper Columbia - Downstream 
region.  Of the total forestlands, 46 percent are under Federal and State protection and 17 percent 
of the total forestlands are under private or State management under State forest practices rules 
(See Tables 3 and 4).  Fire suppression has caused important changes in some areas.  In middle-
to-lower-elevation arid areas, the historic fire interval was often short (usually 10-50 years).  Fire 
suppression has led to an increase in tree density in some areas as well as increased abundance of 
more shade tolerant trees such as grand fir.  In higher elevation and/or more maritime areas where 
historic fire intervals were longer (usually 50-200+ years), the short time since effective fire 
suppression began may not have allowed for significant change in stand densities or composition, 
when compared to historic conditions (WSCC 1999, 2001).   

Some irrigation diversions and delivery systems developed at the turn of the century still operate 
mostly without modifications designed to conserve water or screens designed to avoid and 
minimize fish impacts.  The decline of beaver, the loss of nutrient input from salmon carcasses, 
the introduction of Eastern brook trout, flood control, and residential and commercial 
development also continue to negatively impact habitat conditions (WSCC 2000). 
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6.0 FISH RESOURCES 

Salmonid Stocks 

Within the Upper Columbia - Downstream region, three Federally listed fish species occur:  
chinook salmon (endangered), steelhead trout (endangered), and bull trout (threatened) (WDNR 
2001).  The pygmy whitefish, a State listed sensitive species, is also documented to currently 
occur in Lake Chelan (Hallock and Mongillo 1998).  The Upper Columbia Bull Trout Recovery 
Unit Team identified 16 local populations of bull trout, which are currently distributed within 3 
Core Areas (i.e., Wenatchee, Entiat, and Methow; USFWS 2002). 

The following salmonids occur in the Upper Columbia - Downstream region (Table 6).  The 
asterisk next to the species name indicates that the species is introduced, and not native to 
Washington State.  This list should not be regarded as an exhaustive list of the species present.  In 
some cases, migratory salmonids may be listed as present within a WRIA merely because of its 
presence in the Columbia River mainstem. 

Table 6.  Salmonid species presence by WRIA within the Upper Columbia 
(downstream of Grand Coulee) Region (WDFW 2003). 
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Brown Trout*   X     X X X 
Bull Trout SC FT X X X X  X X X 
Chinook Fall   X X X X X X X X 
Chinook Spring  FE X X X X X X  X 
Chinook Summer   X X X X X X X X 
Coho Salmon   X X X X X X  X 
Cutthroat Westslope  FCo  X X X X X X  
Eastern Brook Trout*    X X X X X X X 
Kokanee Salmon   X X X X X X X X 
Lake Trout*         X  
Rainbow/Redband Trout  FCo X X X X X X X X 
Sockeye Salmon   X X X X X X X X 
Steelhead Summer  FE X X X X X X X X 
Whitefish Lake*   X X X X X X X X 
Whitefish Mountain   X X X X X X X X 
Whitefish Pygmy SC      X    
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive (SS), State 

Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these definitions. 
2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA Candidate, FCo – 

Federal species of concern. 



 
  

Final EIS A-217 Upper Columbia – Downstream of 
  Grand Coulee Regional Summary 

Appendix A  
Other Fish Species 

Table 7 is a list of other non-salmonid species that exist in the Upper Columbia - Downstream 
region (WDFW 2003).  The asterisk next to the species name indicates that the fish is not native 
to Washington State.  This list should not be regarded as an exhaustive list of the species present.  
The Pacific Lamprey, a Federal species of concern, is present within the larger streams of the 
major basins and the Columbia Rivers (WDFW 2003, Wydoski and Whitney 2003). 

 
Table 7.  Non-salmonid Fish Species by WRIA within the Upper Columbia 
(downstream of Grand Coulee) Region (WDFW 2003, Wydoski and Whitney 2003). 
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Bass, Largemouth*   X X X X X X X X 
Bass, Smallmouth*   X X X X X X X X 
Bullhead Black*   X        
Bullhead Brown*    X X X X X X X 
Bullhead Yellow*   X X       
Burbot   X X X X X X X X 
Carp Common*   X X X X X X X X 
Carp Grass *     X   X   
Catfish Channel*   X        
Chiselmouth   X   X   X  
Crappie Black*   X X X  X    
Crappie General*   X X X X X X X X 
Crappie White*   X   X X    
Dace Leopard SC        X  
Dace Longnose        X   
Dace Speckled   X X X X X X X X 
Dace Umatilla SC    X    X  
Goldfish*   X X X X X   X 
Lamprey General   X X X X X X X X 
Lamprey Pacific  FCo X  X  X X   
Peamouth      X X X X X 
Perch Yellow*   X X X X X X X X 
Northern Pikeminnow   X X X X X X X X 
Redside Shiner   X X X X X X X X 
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Table 7.  Non-salmonid Fish Species by WRIA within the Upper Columbia 
(downstream of Grand Coulee) Region (WDFW 2003, Wydoski and Whitney 2003) 
(continued). 
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Sandroller SM  X X X      
Sculpin General    X X X  X X X 
Sculpin Mottled   X      X  
Sculpin Prickly   X  X    X  
Sculpin Shorthead     X X  X X  
Sculpin Slimy       X    
Sculpin Torrent         X  
Starry Flounder       X X X X 
Sucker Bridgelip   X  X X     
Sucker Largescale   X X X X  X X  
Sucker Longnose   X        
Sucker Mountain SC    X      
Sunfish Pumpkinseed*   X X   X X X X 
Sunfish General*   X X X X X X X X 
Tench*       X X X X 
Threespine Stickleback   X        
Tui Chub   X        
Walleye*   X X X X X  X X 
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive (SS), State 

Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these definitions. 
2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA Candidate, FCo – 

Federal species of concern. 
 
Salmonid Stock Status  

The State and Tribal Stock status of the stocks in the Upper Columbia – Downstream region is 
shown by river basin in Table 8. 
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Table 8.  Washington State and Tribal Stock Status for the Upper Columbia  - 
Downstream region’s Salmon, Steelhead, and Bull Trout.  [Information for salmon 
and steelhead was taken from the Draft SaSI (2002), and the information for bull trout 
was taken from SaSI (1998).] 

River Basin Species Stock Status 
Alkali-Squilchuck (WRIA 40) 
Hanford Reach Chinook Fall Healthy 
Wenatchee (WRIA 45) 
Chiwawa Chinook Spring Depressed 
Nason Creek Chinook Spring Depressed 
Little Wenatchee Chinook Spring Critical 
White River (Wenatchee) Chinook Spring Critical 
Wenatchee Chinook Summer Healthy 
Wenatchee Sockeye Depressed 
Wenatchee Steelhead Summer Depressed 
Ingalls Creek Bull Trout/Dolly Varden Unknown 
Icicle Creek Bull Trout/Dolly Varden Unknown 
Chiwaukum Creek Bull Trout/Dolly Varden Unknown 
Chiwawa Bull Trout/Dolly Varden Unknown 
Chikamin Creek Bull Trout/Dolly Varden Healthy 
Rock Creek Bull Trout/Dolly Varden Healthy 
Phelps Creek Bull Trout/Dolly Varden Healthy 
Nason Creek Bull Trout/Dolly Varden Unknown 
Little Wenatchee Bull Trout/Dolly Varden Unknown 
White River (Lk Wenatchee) Bull Trout/Dolly Varden Unknown 
Panther Creek Bull Trout/Dolly Varden Healthy 
Entiat (WRIA 46) 
Entiat Chinook Spring Critical 
Entiat Steelhead Summer Unknown 
Entiat Bull Trout/Dolly Varden Unknown 
Mad River Bull Trout/Dolly Varden Healthy 
Chelan (WRIA 47) 
Lake Chelan Chinook Fall Unknown 
Methow (WRIA 48) 
Methow Chinook Spring Critical 
Twisp Chinook Spring Critical 
Chewuch (Chewack) Chinook Spring Critical 
Lost River Chinook Spring Critical 
Methow Chinook Summer Healthy 
Methow/Okanogan Steelhead Summer  Depressed 
Gold Creek Bull Trout/Dolly Varden Unknown 
Beaver Creek Bull Trout/Dolly Varden Unknown 
Twisp Bull Trout/Dolly Varden Unknown 
East Fork Buttermilk Creek Bull Trout/Dolly Varden Unknown 
East Fork Buttermilk Creek Bull Trout/Dolly Varden Unknown 
Reynolds Creek Bull Trout/Dolly Varden Unknown 
Lake Creek Bull Trout/Dolly Varden Unknown 
Wolf Creek Bull Trout/Dolly Varden Unknown 
Goat Creek Bull Trout/Dolly Varden Unknown 
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Table 8.  Washington State and Tribal Stock Status for the Upper Columbia  - 
Downstream region’s Salmon, Steelhead, and Bull Trout (continued). 

River Basin Species Stock Status 
Early Winters Creek Bull Trout/Dolly Varden Unknown 
Cedar Creek Bull Trout/Dolly Varden Unknown 
Lost River Bull Trout/Dolly Varden Healthy 
Monument Creek Bull Trout/Dolly Varden Unknown 
Cougar Lake Bull Trout/Dolly Varden Unknown 
First Hidden Lake Bull Trout/Dolly Varden Unknown 
Middle Hidden Lake Bull Trout/Dolly Varden Unknown 
WF Methow Bull Trout/Dolly Varden Unknown 
Okanogan (WRIA 49) 
Okanogan Chinook Summer Healthy 
Okanogan Sockeye Depressed 
 
For State and Tribal Stock Status, Healthy refers to a stock of fish experiencing production levels 
consistent with its available habitat and within the natural variations in survival for the stock; 
Depressed refers to a stock of fish whose production is below expected levels based on available 
habitat and natural variations in survival rates, but above the level where permanent damage to 
the stock is likely; Critical refers to a stock of fish experiencing production levels that are so low 
that permanent damage to the stock is likely or has already occurred; and Unknown refers to a 
stock of fish which has insufficient information to rate stock status.  

7.0 AMPHIBIANS 
The Upper Columbia - Downstream region harbors 13 amphibian species, including the 
established introduced bullfrog (Dvornich et al. 1997, McAllister 1995).  Of these 13 species, the 
largest assemblage (including the bullfrog) consists of 11 taxa that reproduce in stillwater habitat 
including lakes, oxbows, ponds, temporary pools, and other freshwater wetlands with sufficient 
stillwater habitat.  Stillwater habitats are largely dichotomously split in elevation between high 
elevation lakes and ponds, and lower elevation habitats associated with the riparian margins of 
larger stream or riverine systems.  Since a large proportion of riparian habitat has been altered or 
lost (see Floodplain Conditions and Riparian Conditions sections), significant impact to stillwater 
amphibians has been presumed.  Lowland stillwater habitats are also the habitats for introduced 
warmwater species (e.g. bullfrogs and selected fish [catfish, mosquitofish, sunfish], see Table 7), 
and interactive facilitation among some introduced species, particularly bullfrogs and warmwater 
fishes, may promote their survival (Adams et al. 2003) and contribute to potentially negative 
effects on native amphibians (Adams 1999).  The remaining two native amphibian species 
(coastal giant salamander and coastal tailed frog) reproduce in streams, springs, or seeps 
(Table 9). 

Of the entire amphibian assemblage for the region, coastal tailed frog (Ascaphus truei) is the only 
Forest Practices HCP-covered species (Table 9).  The known distribution of coastal tailed frog is 
restricted to the upper east slope of the Cascades Mountain axis in WRIAs 45-48, which 
represents the most pluvial portion of the Upper Columbia - Downstream region.  The known 
distribution may be conservative, as no systematic survey has been undertaken to either 
understand its regional distribution or determine species status (i.e., surveys of historic sites).  
Currently, too few data exist even to perform a status survey because of lack of a baseline.   

Regardless of the incomplete knowledge of its regional distribution, coastal tailed frog may be at 
some level of risk because sedimentation has the potential to substantially reduce its instream 
habitat (Bury 1983, Bury and Corn 1988, Corn and Bury 1989).  Timber harvest, which can result 
in significant sedimentation (Beschta 1978, Jakob 1999), occurs over a large part of the Upper- 
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Table 9.  Forest and Fish Amphibians of the Upper Columbia Region Downstream 
of Grand Coulee. 
 

 Habitat 
Active Season 

Group Name 

Forest 
& Fish 
Species Breeding 

Non-
Breeding 

Over-
wintering Regional Distribution 

Frogs 
Coastal tailed frog  
Ascaphus truei 

Yes Streams Streams Terrestrial Western third of region; 
WRIAs 45, 46, 47, and 48 

 

 
Columbia - Downstream region where coastal tailed frogs occur (see Habitat Trends section).  
Nevertheless, the precise nature of this risk in this region is currently unknown. 

Although not covered under this Forest Practices HCP, five other amphibians (namely long-toed 
salamander [Ambystoma macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla 
regilla], Cascades frog [Rana cascadae] and rough-skinned newt [Taricha granulosa]) may 
receive some protection as a result of Forests and Fish patch buffer prescriptions.  Two of these 
species, western toad and Cascades frog, have state watchlist (special concern) status (WDFW 
2001).  Both have declined elsewhere in their geographic ranges (Carey 1993, Fellers and Drost 
1993), but their status in the Upper Columbia is unknown. 
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UPPER COLUMBIA – UPSTREAM OF GRAND COULEE 
REGIONAL SUMMARY 

 

1.0 PHYSICAL DESCRIPTION 

The Upper Columbia - Upstream region (upstream of Grand Coulee Dam) includes 12 WRIAs 
(51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, and 62).  Major stream systems include all of the 
Columbia River mainstem upstream of Grand Coulee Dam, the Nespelem River, San Poil River, 
Spokane River, Lake Roosevelt and tributaries, Colville River, Kettle River, and Pend Oreille 
River.  Portions of Okanogan, Ferry, Stevens, Pend Oreille, Lincoln, and Spokane Counties are 
contained within the Upper Columbia – Upstream region.  A map showing the WRIAs of the 
Upper Columbia-Upstream region is provided in Figure 1. 

The Upper Columbia – Upstream region lies entirely within the Okanogan Highlands 
physiographic province (Lasmanis 1991).  Elevations range from 1,000 feet along the Columbia 
River to over 7,000 feet.   

General Geology 

Within the Thompson Creek WAU, the parent materials consist of highly weathered metamorphic 
and granitics, overlain by Pleistocene glacial and glacial flood deposits, and more recent volcanic 
ash.  Soils that are derived from metamorphic and granitics or have significant ash components 
are highly erodible (WDNR 1997a). 

The Huckleberry Creek WAU includes three general soil types:  (1) mountain soils developed in 
volcanic ash over shaly rock on steep, mostly unglaciated slopes; (2) foothill soils developed in 
volcanic ash and glacial till; and (3) low terrace and floodplain soils developed by alluvial 
processes (WDNR 1995). 

Within the LeClerc WAU, Precambrian meta-volcanic and meta-sedimentary rocks occupy a 
relatively minor area found in the Dry Canyon and Pend Oreille sub-basins.  The remainder of the 
WAU is underlain by various Cretaceous granitic formations.  Approximately 15,000 years ago, 
all but the highest elevations were affected by continental glaciation.  Extensive deposits of 
glacio-fluvial materials continue to overlay the much older base rocks in many areas.  Typically, 
soils are dominated by silt and, to a lesser degree, sandy textures (WDNR 1997c). 

Granitic rocks underlie much of the West Branch Little Spokane WAU.  In general, these rocks 
have not been glaciated and therefore are deeply weathered.  Meta-sedimentary rocks underlie 
most of the remaining West Branch WAU, with a small portion underlain by glacial outwash 
deposits (WDNR 1997b). 

Information concerning erosion processes in the Upper Columbia – Upstream planning region has 
been extracted from the following watershed analyses:  Huckleberry Creek (WDNR 1995f); 
LeClerc (WDNR 1997c). 

Erosion in the Upper Columbia Upstream region is low relative to regions west of the Cascade 
Crest.  This is primarily due to more moderate topography and lower rainfall, although more 
competent rock types also contribute to more stable conditions in some areas. 

Watershed analyses conducted in the region have documented very low rates of mass wasting.  
Landslide densities of 0.016 landslides/mi2/year and 0.011 landslides/mi2/year were reported in 
the Huckleberry and LeClerc watershed analyses, respectively.  Debris avalanches and large, 
ancient deep-seated landslides were the most common landslide types.  Debris flows and debris 
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torrents were reported but not common.  Debris avalanches were most commonly associated with 
inner gorges in both the Huckleberry and LeClerc WAUs but were also found on the toes of 
ancient deep-seated landslides (Huckleberry WAU) and flanks of glacial terraces (LeClerc 
WAU). 

Hillslope surface erosion can contribute substantial volumes of sediment where soils immediately 
adjacent to streams are heavily disturbed.  In the Huckleberry WAU, most instances of sediment 
delivery occurred on steep (i.e., >60 percent), stream-adjacent slopes disturbed by ground-based 
yarding.  Hillsope surface erosion was not found to be significant in the LeClerc WAU. 

General Hydrology 

The climate of the region differs markedly from areas west of the Cascades.  The region receives 
less precipitation and temperature ranges are more extreme.  The climate is marine-continental 
characterized by cold winters and hot summers.  Most precipitation falls as snow during the 
winter, although spring and summer rains are common.  Average annual precipitation for forested 
areas of the region range from 15 inches at lower elevations to over 30 inches at higher 
elevations. 

Major rivers in the region include the Sanpoil, Kettle, Pend Oreille, Colville, and Spokane.  All 
rivers of the region are tributary to the Columbia River.  The rivers have a snowmelt-driven 
hydrologic regime; most peak flows occur from April through June in response to spring 
snowmelt.  However, large magnitude peak flows result from rain-on-snow precipitation events 
that occur during the fall and winter months.  Low flows generally occur during late summer and 
early fall, although extreme cold can substantially reduce flows during the winter. Based on the 
DNR stream hydrography GIS coverage, there are approximately 25,498 stream-miles (both fish-
bearing and non-fish streams) in the Upper Columbia - Upstream region, with an average stream 
density of 2.84 stream miles/mile2 (Table 1). 
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2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 27 percent of all lands in the Upper Columbia – Upstream region are in Federal 
ownership and a small portion of these lands (about 1 percent of all lands) are being managed for 
long-term preservation, primarily in wildernesses and national wildlife refuges (Table 2). Another 
large portion of these Federal lands is being managed by the Forest Service outside of wilderness 
(23 percent of all lands). The remainder of the Federal lands (2 percent of all lands) are being 
managed by other agencies.  Tribal lands represent 19 percent of the region.  State lands represent 
7 percent of all lands in the region, private lands represent 47 percent, and city/county lands 
represent much less than 1 percent. 

The WRIAs differ markedly in their ownership.  Federal ownership ranges from a few hundred 
acres or less in the Little Spokane and Middle Spokane WRIAs to 66 percent of the Pend Oreille 
WRIA.  The Colville Indian Reservation covers all of the Nespelem WRIA and private lands 
make up over 90 percent of the Little Spokane and Hangman WRIAs.  

Land Cover and Land Use 

Forestland makes up approximately 71 percent of the Upper Columbia - Upstream region and 
shrubland and grassland together comprise about 13 percent (Table 3).  Agricultural lands make 
up 12 percent and the remaining 3 percent consist of water/wetlands and residential/commercial 
lands.  The percent forestland within each WRIA varies considerably, ranging from a low of 14 
percent in the Hangaman WRIA to a high of 93 percent in the Pend Oreille WRIA.
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Upper Columbia – Upstream of A-236 Final EIS 
Grand Coulee-Regional Summary 

Appendix A   

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 35 percent of the forestlands in the Upper Columbia - Upstream region are in 
Federal ownership, 21 percent are in Tribal ownership, 8 percent are in State ownership, and 37 
percent are in private or other ownership (Table 4).  A Federal or State preservation or limited 
management status covers approximately 3 percent of the forestlands in the region.  
Approximately 53 percent of the forestlands may be under Federal or Tribal timber management.  
State timber management may occur on approximately 7 percent of the forestlands and 37 percent 
of the forestlands are in private, county, city, or tribal ownership, where timber management may 
occur. Overall, lands covered by the forest practices rules represent approximately 44 percent of 
the forestlands in the region (see Figure 1, which displays these lands).  Existing riparian HCPs 
cover none of the State-managed or private lands of the region. The largest percentage of forest 
practices rules-covered lands (93 to 97 percent of all forestlands) occurs in the Little Spokane, 
Hangman, and the Middle Spokane WRIAs.  The Nespelem WRIA contains no lands subject to 
the State forest practices rules.  

Small, 20-acre exempt forest landowners make up less than 0.5 percent of the forestlands and 
close to 0.5 percent of the forestlands subject to forest practices rules in the Upper Columbia - 
Upstream region, based on the analysis by Rogers (2003).  Although this region was 
inconsistently analyzed, it is believed to have identified the majority of all small, 20-acre exempt 
parcels (personal communication, Luke Rogers, Rural Technology Initiative, University of 
Washington, May 2004).  

Approximately 8,390 stream miles occur on lands subject to forest practices rules in the Upper 
Columbia – Upstream region (Table 5).  This represents 33 percent of all streams in the region.  
Approximately 7,182 miles or 86 percent of the 8,390 stream miles on lands subject to forest 
practices rules are estimated to be fish-bearing stream miles (based on existing water typing and 
gradient analysis on sample areas).  The percentage of all streams on small, 20-acre exempt forest 
landowner parcels in this region is estimated to be about 0.7 percent and the percentage of all 
fish-bearing streams on small, 20-acre exempt forest landowner parcels is about 0.8 percent 
(Rogers 2003). 
 
 



   Fi
na

l E
IS

 
 

U
pp

er
 C

ol
um

bi
a 

– 
U

ps
tr

ea
m

 o
f 

 
 

G
ra

nd
 C

ou
le

e 
R

eg
io

na
l S

um
m

ar
y 

A
pp

en
di

x 
A

  

A-237

T
ab

le
 4

. O
w

ne
rs

hi
p 

an
d 

M
an

ag
em

en
t 

of
 F

or
es

tl
an

ds
 (

ac
re

s 
an

d 
pe

rc
en

t)
 in

 t
he

 U
pp

er
 C

ol
um

bi
a 

- 
U

ps
tr

ea
m

 R
eg

io
n 

by
 

W
R

IA
1/
 

Fo
re

st
la

nd
s C

at
eg

or
y 

W
R

IA
 5

1 
N

es
pe

le
m

 
W

R
IA

 5
2 

Sa
np

oi
l 

W
R

IA
 5

3 
Lo

w
er

 L
ak

e 
R

oo
se

ve
lt 

W
R

IA
 5

4 
Lo

w
er

 
Sp

ok
an

e 

W
R

IA
 5

5 
Li

ttl
e 

Sp
ok

an
e 

W
R

IA
 5

6 
H

an
gm

an
 

Fe
de

ra
l a

nd
 S

ta
te

 P
ro

te
ct

ed
 F

or
es

tla
nd

s N
ot

 
M

an
ag

ed
 fo

r T
im

be
r P

ro
du

ct
io

n2/
 

   
   

   
 -

  
   

   
   

  0
 

   
   

 1
85

  
   

  5
,8

70
 

   
  7

,2
96

 
   

  1
,0

60
 

Fe
de

ra
l L

an
ds

 a
nd

 T
rib

al
 F

or
es

tla
nd

s A
va

ila
bl

e 
fo

r T
im

be
r M

an
ag

em
en

t3/
 

   
88

,9
87

 
 4

58
,0

38
 

   
33

,3
20

  
 1

18
,1

07
 

   
   

 2
92

 
   

   
   

75
 

Fo
re

st
la

nd
s A

va
ila

bl
e 

fo
r 

Ti
m

be
r 

M
an

ag
em

en
t U

nd
er

 th
e 

St
at

e 
Fo

re
st

 P
ra

ct
ic

es
 R

ul
es

 

   
   

  D
N

R
 a

nd
 O

th
er

 S
ta

te
 F

or
es

tla
nd

s  
   

   
   

 -
  

   
11

,5
11

 
   

  2
,3

46
  

   
31

,5
68

 
   

19
,0

03
 

   
  2

,1
67

 

   
   

  P
riv

at
e,

 C
ou

nt
y,

 a
nd

 C
ity

 F
or

es
tla

nd
s  

   
   

   
 -

  
   

60
,2

14
 

   
26

,7
85

  
 1

49
,6

28
 

 2
47

,9
98

 
   

36
,6

31
 

   
   

  S
ub

to
ta

l  
   

   
   

 -
  

   
71

,7
26

 
   

29
,1

31
  

 1
81

,1
95

 
 2

67
,0

01
 

   
38

,7
98

 

TO
TA

L 
FO

R
ES

TL
A

N
D

S 
   

88
,9

87
 

 5
29

,7
64

 
   

62
,6

36
  

 3
05

,1
72

 
 2

74
,5

89
 

   
39

,9
33

 

%
 IN

 F
E

D
E

R
A

L
 O

R
 S

TA
TE

 
PR

O
T

EC
T

IO
N

 
0%

 
0%

 
0%

 
2%

 
3%

 
3%

 

%
 A

V
A

IL
A

BL
E

 F
O

R
 F

E
D

ER
A

L
 O

R
 

TR
IB

A
L 

TI
M

BE
R

 M
A

N
A

G
EM

EN
T 

10
0%

 
86

%
 

53
%

 
39

%
 

0%
 

0%
 

%
 A

V
A

IL
A

BL
E

 F
O

R
 S

T
A

T
E

 T
IM

B
E

R
 

M
A

N
A

G
EM

EN
T 

U
N

D
ER

 F
O

R
ES

T 
PR

A
C

TI
C

ES
 R

U
LE

S 
 

0%
 

2%
 

4%
 

10
%

 
7%

 
5%

 

%
 A

V
A

IL
A

BL
E

 F
O

R
 P

R
IV

A
T

E
 O

R
 

C
O

U
N

TY
/C

IT
Y

 T
IM

B
ER

 M
A

N
A

G
EM

EN
T

 
U

N
D

E
R

 F
O

R
ES

T
 P

R
A

C
T

IC
E

S 
R

U
L

E
S 

 
0%

 
11

%
 

43
%

 
49

%
 

90
%

 
92

%
 

1/
 P

rim
ar

y 
D

at
a 

So
ur

ce
s:

 D
N

R
 M

aj
or

 P
ub

lic
 L

an
ds

, F
or

es
t S

er
vi

ce
 N

or
th

w
es

t F
or

es
t P

la
n,

 a
nd

 U
SG

S/
EP

A
 N

at
io

na
l L

an
d 

C
ov

er
 D

at
a 

G
IS

 la
ye

rs
. 

2/
 F

ed
er

al
 a

nd
 S

ta
te

 P
ro

te
ct

ed
 L

an
ds

 in
cl

ud
es

: W
ild

er
ne

ss
, L

SR
, L

SO
G

, A
M

A
, N

at
io

na
l W

ild
lif

e 
R

ef
ug

es
, N

at
io

na
l P

ar
ks

, W
as

hi
ng

to
n 

St
at

e 
Pa

rk
s, 

an
d 

W
D

FW
 la

nd
s. 

3/
  Fe

de
ra

l a
nd

 T
rib

al
 L

an
ds

 A
va

ila
bl

e 
fo

r T
im

be
r M

an
ag

em
en

t i
nc

lu
de

: U
SF

S 
M

at
rix

 la
nd

s, 
U

SF
S 

ot
he

r l
an

ds
, B

LM
 la

nd
s, 

D
ep

t o
f D

ef
en

se
 la

nd
s, 

an
d 

In
di

an
 R

es
er

va
tio

n 
la

nd
s. 



  U
pp

er
 C

ol
um

bi
a 

– 
U

ps
tr

ea
m

 o
f 

 
Fi

na
l E

IS
 

G
ra

nd
 C

ou
le

e 
R

eg
io

na
l S

um
m

ar
y 

A
pp

en
di

x 
A

   

A-238

T
ab

le
 4

.  
O

w
ne

rs
hi

p 
an

d 
M

an
ag

em
en

t 
of

 F
or

es
tl

an
ds

 (
ac

re
s 

an
d 

pe
rc

en
t)

 in
 t

he
 U

pp
er

 C
ol

um
bi

a–
U

ps
tr

ea
m

 R
eg

io
n 

by
 W

R
IA

1/
 

(c
on

ti
nu

ed
).

 

Fo
re

st
la

nd
s C

at
eg

or
y 

W
R

IA
 5

7 
M

id
dl

e 
Sp

ok
an

e 

W
R

IA
 5

8 
M

id
dl

e 
La

ke
 

R
oo

se
ve

lt 
W

R
IA

 5
9 

C
ol

vi
lle

 
W

R
IA

 6
0 

K
et

tle
 

W
R

IA
 6

1 
U

pp
er

 L
ak

e 
R

oo
se

ve
lt 

W
R

IA
 6

2 
Pe

nd
 O

re
ill

e 

To
ta

l U
pp

er
 

C
ol

um
bi

a 
U

ps
tr

ea
m

 O
f 

G
ra

nd
 C

ou
le

e 
Fe

de
ra

l a
nd

 S
ta

te
 P

ro
te

ct
ed

 F
or

es
tla

nd
s N

ot
 

M
an

ag
ed

 fo
r T

im
be

r P
ro

du
ct

io
n2/

 
   

  5
,8

63
 

   
  4

,8
58

 
   

38
,4

09
  

   
   

 7
54

 
   

   
   

  1
 

   
38

,2
91

 
   

 1
02

,5
88

  

Fe
de

ra
l L

an
ds

 a
nd

 T
rib

al
 F

or
es

tla
nd

s A
va

ila
bl

e 
fo

r  
Ti

m
be

r M
an

ag
em

en
t3/

 
   

   
   

 -
  

 4
31

,3
42

 
 1

14
,8

43
  

 3
57

,9
64

 
 1

02
,4

45
 

 4
71

,7
14

 
 2

,1
77

,1
28

  

Fo
re

st
la

nd
s A

va
ila

bl
e 

fo
r 

Ti
m

be
r 

M
an

ag
em

en
t U

nd
er

 th
e 

St
at

e 
Fo

re
st

 P
ra

ct
ic

es
 R

ul
es

 

   
   

  D
N

R
 a

nd
 O

th
er

 S
ta

te
 F

or
es

tla
nd

s  
   

  6
,7

74
 

   
21

,0
36

 
   

86
,6

77
  

   
35

,8
11

 
   

37
,2

48
 

   
30

,6
66

 
   

 2
84

,8
08

  

   
   

  P
riv

at
e,

 C
ou

nt
y,

 a
nd

 C
ity

 F
or

es
tla

nd
s  

   
68

,5
26

 
 1

06
,0

97
 

 3
11

,8
40

  
 1

32
,0

50
 

 1
88

,8
82

 
 1

90
,8

67
 

 1
,5

19
,5

18
  

   
   

  S
ub

to
ta

l  
   

75
,3

00
 

 1
27

,1
32

 
 3

98
,5

17
  

 1
67

,8
60

 
 2

26
,1

30
 

 2
21

,5
34

 
 1

,8
04

,3
25

  

TO
TA

L 
FO

R
ES

TL
A

N
D

S 
   

81
,1

63
 

 5
63

,3
33

 
 5

51
,7

69
  

 5
26

,5
79

 
 3

28
,5

77
 

 7
31

,5
39

 
 4

,0
84

,0
42

  

%
 IN

 F
E

D
E

R
A

L
 O

R
 S

TA
TE

 
PR

O
T

EC
T

IO
N

 
7%

 
1%

 
7%

 
0%

 
0%

 
5%

 
3%

 

%
 A

V
A

IL
A

BL
E

 F
O

R
 F

E
D

ER
A

L
 O

R
 

TR
IB

A
L 

TI
M

BE
R

 M
A

N
A

G
EM

EN
T 

0%
 

77
%

 
21

%
 

68
%

 
31

%
 

64
%

 
53

%
 

%
 A

V
A

IL
A

BL
E

 F
O

R
 S

T
A

T
E

 T
IM

B
E

R
 

M
A

N
A

G
EM

EN
T 

U
N

D
ER

 F
O

R
ES

T 
PR

A
C

TI
C

ES
 R

U
LE

S 
 

8%
 

4%
 

16
%

 
7%

 
11

%
 

4%
 

7%
 

%
 A

V
A

IL
A

BL
E

 F
O

R
 P

R
IV

A
T

E
 O

R
 

C
O

U
N

TY
/C

IT
Y

 T
IM

B
ER

 M
A

N
A

G
EM

EN
T

 
U

N
D

E
R

 F
O

R
ES

T
 P

R
A

C
T

IC
E

S 
R

U
L

E
S 

 
84

%
 

19
%

 
57

%
 

25
%

 
57

%
 

26
%

 
37

%
 

1/
 P

rim
ar

y 
D

at
a 

So
ur

ce
s:

 D
N

R
 M

aj
or

 P
ub

lic
 L

an
ds

, F
or

es
t S

er
vi

ce
 N

or
th

w
es

t F
or

es
t P

la
n,

 a
nd

 U
SG

S/
EP

A
 N

at
io

na
l L

an
d 

C
ov

er
 D

at
a 

G
IS

 la
ye

rs
. 

2/
 F

ed
er

al
 a

nd
 S

ta
te

 P
ro

te
ct

ed
 L

an
ds

 in
cl

ud
es

: W
ild

er
ne

ss
, L

SR
, L

SO
G

, A
M

A
, N

at
io

na
l W

ild
lif

e 
R

ef
ug

es
, N

at
io

na
l P

ar
ks

, W
as

hi
ng

to
n 

St
at

e 
Pa

rk
s, 

an
d 

W
D

FW
 la

nd
s. 

3/
  Fe

de
ra

l a
nd

 T
rib

al
 L

an
ds

 A
va

ila
bl

e 
fo

r T
im

be
r M

an
ag

em
en

t i
nc

lu
de

: U
SF

S 
M

at
rix

 la
nd

s, 
U

SF
S 

ot
he

r l
an

ds
, B

LM
 la

nd
s, 

D
ep

t o
f D

ef
en

se
 la

nd
s, 

an
d 

In
di

an
 R

es
er

va
tio

n 
la

nd
s. 



   Fi
na

l E
IS

 
 

U
pp

er
 C

ol
um

bi
a 

– 
U

ps
tr

ea
m

 o
f 

 
 

G
ra

nd
 C

ou
le

e 
R

eg
io

na
l S

um
m

ar
y 

A
pp

en
di

x 
A

  

A-239

T
ab

le
 5

.  
St

re
am

 M
ile

s i
n 

th
e 

U
pp

er
 C

ol
um

bi
a 

– 
U

ps
tr

ea
m

 R
eg

io
n 

by
 O

w
ne

rs
hi

p,
 F

or
es

te
d 

St
re

am
 M

ile
s, 

an
d 

Fo
re

st
 

Pr
ac

tic
es

 R
ul

es
 (F

PR
)-R

eg
ul

at
ed

 S
tr

ea
m

 M
ile

s1/
 

C
at

eg
or

y 
W

R
IA

 5
1 

N
es

pe
le

m
 

W
R

IA
 5

2 
Sa

np
oi

l 
W

R
IA

 5
3 

Lo
w

er
 

La
ke

 R
oo

se
ve

lt 
W

R
IA

 5
4 

Lo
w

er
 

Sp
ok

an
e 

W
R

IA
 5

5 
Li

ttl
e 

Sp
ok

an
e 

W
R

IA
 5

6 
H

an
gm

an
 

To
ta

l S
tr

ea
m

 M
ile

s 
Fe

de
ra

l 
   

   
   

  -
  

   
   

   
91

6 
   

   
   

31
2 

   
   

   
15

4 
   

   
   

   
 2

 
   

   
   

   
 4

 

Tr
ib

al
 

   
  5

35
.6

7 
  1

,6
78

.0
7 

   
  3

85
.0

8 
   

  5
76

.2
4 

   
   

   
  -

  
   

   
   

  -
  

St
at

e 
   

   
   

  -
  

   
   

   
  6

5 
   

   
   

  2
7 

   
   

   
18

3 
   

   
   

14
0 

   
   

   
  2

9 

C
ou

nt
y/

C
ity

 
   

   
   

  -
  

   
   

   
  -

  
   

   
   

  -
  

   
   

   
   

 4
 

   
   

   
  2

0 
   

   
   

  1
0 

Pr
iv

at
e 

   
   

   
  -

  
   

   
   

48
6 

   
   

   
38

5 
   

   
1,

14
2 

   
   

1,
69

7 
   

   
   

57
1 

To
ta

l M
ile

s 
   

   
   

53
6 

   
   

3,
14

6 
   

   
1,

10
9 

   
   

2,
06

0 
   

   
1,

85
9 

   
   

   
61

4 
Fo

re
st

ed
 S

tr
ea

m
 M

ile
s  

Fo
re

st
ed

 M
ile

s  
   

   
   

 3
50

 
   

   
 2

,7
37

 
   

   
   

 3
25

 
   

   
 1

,2
83

 
   

   
 1

,3
31

 
   

   
   

 1
05

 

%
 o

f T
ot

al
 M

ile
s 

65
%

 
87

%
 

29
%

 
62

%
 

72
%

 
17

%
 

FP
R

-R
eg

ul
at

ed
 S

tr
ea

m
 M

ile
s  

FP
R

-R
eg

. M
ile

s 
   

0 
   

   
   

  3
97

 
   

   
   

  1
39

 
   

   
   

  7
30

 
   

   
  1

,2
89

 
   

   
   

  1
04

 

%
 o

f T
ot

al
 M

ile
s 

0%
 

13
%

 
13

%
 

35
%

 
69

%
 

17
%

 
1/

 D
at

a 
so

ur
ce

s: 
D

N
R

 st
re

am
 h

yd
ro

gr
ap

hy
 G

IS
 la

ye
r, 

D
N

R
 M

aj
or

 P
ub

lic
 L

an
ds

 la
ye

r, 
an

d 
U

SG
S/

EP
A

 N
at

io
na

l L
an

d 
C

ov
er

 D
at

a.
  S

tre
am

 m
ile

s i
nc

lu
de

 
al

l T
yp

e 
1-

5 
st

re
am

s a
nd

 a
 p

or
tio

n 
of

 T
yp

e 
9 

st
re

am
s. 

 B
ec

au
se

 m
an

y 
Ea

st
er

n 
W

as
hi

ng
to

n 
Ty

pe
 9

 w
at

er
s a

re
 n

ot
 d

ef
in

ed
 c

ha
nn

el
s, 

on
ly

 2
5%

 o
f T

yp
e 

9 
st

re
am

s a
re

 c
ou

nt
ed

 a
s s

tre
am

s i
n 

th
e 

Po
nd

er
os

a 
Pi

ne
 a

nd
 d

rie
r v

eg
et

at
io

n 
zo

ne
s, 

50
%

 a
re

 c
ou

nt
ed

 in
 th

e 
M

ix
ed

 C
on

ife
r v

eg
et

at
io

n 
zo

ne
s, 

an
d 

75
%

 a
re

 
co

un
te

d 
in

 th
e 

w
et

te
st

 v
eg

et
at

io
n 

zo
ne

s. 
 T

he
se

 p
ro

po
rti

on
s a

re
 b

as
ed

 o
n 

fie
ld

 o
bs

er
va

tio
ns

 b
y 

D
N

R
 fo

re
st

er
s, 

bu
t a

re
 v

er
y 

ap
pr

ox
im

at
e.

 
 



  U
pp

er
 C

ol
um

bi
a 

– 
U

ps
tr

ea
m

 o
f 

 
Fi

na
l E

IS
 

G
ra

nd
 C

ou
le

e 
R

eg
io

na
l S

um
m

ar
y 

A
pp

en
di

x 
A

   

A-240

T
ab

le
 5

.  
St

re
am

 M
ile

s i
n 

th
e 

U
pp

er
 C

ol
um

bi
a 

– 
U

ps
tr

ea
m

 R
eg

io
n 

by
 O

w
ne

rs
hi

p,
 F

or
es

te
d 

St
re

am
 M

ile
s, 

an
d 

Fo
re

st
 

Pr
ac

tic
es

 R
ul

es
 (F

PR
)-R

eg
ul

at
ed

 S
tr

ea
m

 M
ile

s1/
 (

co
nt

in
ue

d)
. 

C
at

eg
or

y 
W

R
IA

 5
7 

M
id

dl
e 

Sp
ok

an
e 

W
R

IA
 5

8 
M

id
dl

e 
La

ke
 R

oo
se

ve
lt 

W
R

IA
 5

9 
C

ol
vi

lle
 

W
R

IA
 6

0 
K

et
tle

 
W

R
IA

 6
1 

U
pp

er
 

La
ke

 R
oo

se
ve

lt 
W

R
IA

 6
2 

Pe
nd

 
O

re
ill

e 

To
ta

l U
pp

er
 

C
ol

um
bi

a 
U

ps
tr

ea
m

 
O

f G
ra

nd
 C

ou
le

e 
To

ta
l S

tr
ea

m
 M

ile
s 

Fe
de

ra
l 

   
   

   
  -

  
   

   
   

77
6 

   
   

   
67

3 
   

   
1,

91
7 

 
   

   
   

56
3 

   
   

2,
68

8 
   

   
8,

00
6 

 

Tr
ib

al
 

   
   

   
  -

  
  1

,6
75

.6
1 

   
   

   
  -

  
   

   
   

  -
   

   
   

   
  -

  
   

   
29

.4
9 

   
   

4,
88

0 
 

St
at

e 
   

   
   

  7
9 

   
   

   
10

9 
   

   
   

38
2 

   
   

   
24

1 
 

   
   

   
15

9 
   

   
   

17
7 

   
   

1,
59

1 
 

C
ou

nt
y/

C
ity

 
   

   
   

  2
0 

   
   

   
  -

  
   

   
   

  -
  

   
   

   
  -

   
   

   
   

  -
  

   
   

   
  -

  
   

   
   

  5
5 

 

Pr
iv

at
e 

   
   

   
68

2 
   

   
   

56
5 

   
   

1,
74

0 
   

   
1,

40
8 

 
   

   
   

93
0 

   
   

1,
35

8 
   

  1
0,

96
5 

 

To
ta

l M
ile

s 
   

   
   

78
2 

   
   

3,
12

6 
   

   
2,

79
5 

   
   

3,
56

6 
 

   
   

1,
65

2 
   

   
4,

25
2 

   
  2

5,
49

8 
 

Fo
re

st
ed

 S
tr

ea
m

 M
ile

s  

Fo
re

st
ed

 M
ile

s  
   

   
   

 4
75

 
   

   
 2

,5
05

 
   

   
 2

,3
39

 
   

   
 2

,9
11

  
   

   
 1

,4
05

 
   

   
 3

,7
11

 
   

19
,4

79
  

%
 o

f T
ot

al
 M

ile
s 

61
%

 
80

%
 

84
%

 
82

%
 

85
%

 
87

%
 

 
76

%
 

FP
R

-R
eg

ul
at

ed
 S

tr
ea

m
 M

ile
s  

FP
R

-R
eg

. M
ile

s 
   

   
   

  4
49

 
   

   
   

  5
01

 
   

   
  1

,6
77

 
   

   
  1

,0
88

  
   

   
   

  9
40

 
   

   
  1

,0
77

 
   

   
  8

,3
90

  

%
 o

f T
ot

al
 M

ile
s 

57
%

 
16

%
 

60
%

 
31

%
 

57
%

 
25

%
 

33
%

 
1/

 D
at

a 
so

ur
ce

s: 
D

N
R

 st
re

am
 h

yd
ro

gr
ap

hy
 G

IS
 la

ye
r, 

D
N

R
 M

aj
or

 P
ub

lic
 L

an
ds

 la
ye

r, 
an

d 
U

SG
S/

EP
A

 N
at

io
na

l L
an

d 
C

ov
er

 D
at

a.
  S

tre
am

 m
ile

s i
nc

lu
de

 
al

l T
yp

e 
1-

5 
st

re
am

s a
nd

 a
 p

or
tio

n 
of

 T
yp

e 
9 

st
re

am
s. 

 B
ec

au
se

 m
an

y 
Ea

st
er

n 
W

as
hi

ng
to

n 
Ty

pe
 9

 w
at

er
s a

re
 n

ot
 d

ef
in

ed
 c

ha
nn

el
s, 

on
ly

 2
5%

 o
f T

yp
e 

9 
st

re
am

s a
re

 c
ou

nt
ed

 a
s s

tre
am

s i
n 

th
e 

Po
nd

er
os

a 
Pi

ne
 a

nd
 d

rie
r v

eg
et

at
io

n 
zo

ne
s, 

50
%

 a
re

 c
ou

nt
ed

 in
 th

e 
M

ix
ed

 C
on

ife
r v

eg
et

at
io

n 
zo

ne
s, 

an
d 

75
%

 a
re

 
co

un
te

d 
in

 th
e 

w
et

te
st

 v
eg

et
at

io
n 

zo
ne

s. 
 T

he
se

 p
ro

po
rti

on
s a

re
 b

as
ed

 o
n 

fie
ld

 o
bs

er
va

tio
ns

 b
y 

D
N

R
 fo

re
st

er
s, 

bu
t a

re
 v

er
y 

ap
pr

ox
im

at
e.

 



 
  

Final EIS A-241 Upper Columbia – Upstream of 
  Grand Coulee Regional Summary 

Appendix A  

4.0 HABITAT LIMITING FACTORS 

Primary Regional Factors 

All Pend Oreille tributaries lie either within the Colville National Forest or on private managed 
timberlands.  Five hydroelectric dams, all lacking fish passage facilities, are located on the Pend 
Oreille River (WDFW 1998).  These dams have altered habitats (i.e. stream flows, sediment, 
temperature regimes), migratory corridors, and interspecific interactions.  The legacy of past 
timber harvesting has resulted in high road densities, impassable culverts, channel changes, and 
compaction of hill slopes.  Livestock grazing has degraded habitat in both upland and riparian 
areas of most tributaries in the watershed on public and private land.  Non-native species have 
impacted bull trout populations through competition and hybridization (USFWS 2002). 

The Huckleberry Creek (WRIA 59), Thompson Creek (WRIA 57), and LeClerc Creek (WRIA 
62) watershed analyses (WDNR 1995, 1997a, 1997c) all documented two important limiting 
factors causing degradation of fish habitat: (1) fine sediment from hillslopes and roads, and (2) 
lack of potential LWD recruitment and shade from riparian areas. 

All tributaries of Lake Roosevelt have been degraded by agriculture or logging activities, with the 
result that sediment levels are high, water temperature is too high for bull trout spawning, and 
habitat complexity is lost.  Some tributaries are inaccessible due to waterfalls in the lower reaches 
(WDFW 1998). 

Sedimentation/Mass Wasting 

Mass wasting is not documented as being a major limiting factor within the Upper Columbia - 
Upstream region (WDNR 1995, 1997a, 1997c).  Watershed analyses within the region, however, 
documented a high density of roads (approximately 5.5 miles/mile2 within Thompson Creek 
WAU, and 3.3 miles/mile2 within Huckleberry WAU; WDNR 1995, 1997a).  Road densities 
within Sullivan, LeClerc, Mill, Indian, Tacoma, Ruby, Slate and Calispel creeks range from 1.54 
to 3.86 mi/mi2 (USFS in litt. 2002).  Corresponding to these high densities of roads is a high 
surface erosion hazard from both roads and hillslopes (WDNR 1995, 1997a, 1997c).  The aquatic 
assessment portion of the Interior Columbia Basin Ecosystem Management Project found that 
bull trout are less likely to use streams for spawning and rearing in highly roaded areas, and are 
typically absent at mean road densities above 1.7 miles/mile2 (Quigley and Arbelbide 1997).   

The most pronounced impact from cumulative effects of past forest practices in the Thompson 
Creek WAU is related to poor location, design, and maintenance of roads.  As a result, a 
significant amount of sediment has entered streams and degraded fish habitat (especially pool 
filling).  This impact is primarily related to roads and soil disturbance within 200 feet of streams 
and county roads on erosive soils (WDNR 1997a). 

Riparian/Floodplain and Wetland Conditions 

Past forest practices have decreased the function of the existing riparian areas by clearcutting and 
thinning of riparian vegetation, the construction of splash dams, the diversion of stream flow from 
the creek, the removal of riparian vegetation through the building of timber railroads and forest 
roads, the use of smaller side drainages as skid trails, and harvest-related wildfire.  Specific areas 
of concern within the Pend Oreille System include portions of Sullivan, Mill, Cedar, Ruby, 
Tacoma, Calispel, and LeClerc creeks (USFWS 2002).   

Within the Thompson Creek and Huckleberry Creek WAUs, the riparian function assessment 
identified significant areas of streams with high or moderate hazards for both LWD recruitment 
and shade (WDNR 1995, 1997a).  The lowest stream reaches of Huckleberry Creek, Thompson 
Creek and the outlet canal of Newman Lake were historically channelized for agriculture and 
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diking, therefore, they were rated as naturally low in LWD and shade (WDNR 1995, 1997a).  
However, Big Sheep watershed has a much smaller area associated with low shade (WDNR 
1997c). 

Livestock grazing has also degraded riparian areas by removing vegetation, destabilizing stream 
banks, compacting soils, and increasing soil erosion (USFWS 2002; LeClerc valley bottoms, 
WDNR 1997c). 

Channel/Hydrology Conditions 

Mainstem Columbia River dams have changed the habitat from that of a cold fast-moving river, 
to a warm reservoir (NPPC 2001).  Typical spawning, rearing, and overwintering habitat in a free 
flowing river with pools, glides, riffles, and side channel habitats have been eliminated (USFWS 
2002). 

Livestock grazing has degraded channel conditions in the Pend Oreille system by destabilizing 
stream banks, widening stream channels, promoting incised channels, lowering water tables, 
reducing pool frequency, increasing soil erosion, and altering water quality.  Specific areas of 
concern include LeClerc Creek, Ruby Creek and Calispel Creek (USFWS 2002). 

Large Woody Debris 

The Huckleberry Creek (WRIA 59), Thompson Creek (WRIA 57), and LeClerc Creek (WRIA 
62) watershed analyses (WDNR 1995, 1997a, 1997c) all documented a lack of potential LWD 
recruitment with correspondingly reduced instream habitat complexity. 

Fish Passage 
The construction and operation of Albeni Falls, Box Canyon, and Boundary Dams on the Pend 
Oreille River have fragmented habitat and negatively impacted migratory bull trout.  Other dams 
and diversions without fish passage facilities in tributaries to the Pend Oreille River have further 
fragmented habitat and reduced connectivity (USFWS 2002).   The historical salmon fishery, 
already in decline, was brought to an abrupt end by the construction of Little Falls Dam on the 
Little Spokane River in 1910 (WDNR 1997b). 

Watershed analyses within the Upper Columbia - Upstream region have all documented fish 
passage barriers caused by forest and county road culverts (WDNR 1995, 1997a, 1997b, 1997c).  
However in the past decade, fish passage through forest (Forest and Fish RMAP program), 
agriculture and urban road culverts has been an area of renewed interest and funding. 

Water Quality Issues 

Total dissolved gas is a potential problem below each mainstem hydropower facility on the Pend 
Oreille River (WRIA 62), with levels reaching 139 percent saturation (NPPC 2001, USFWS 
2002).  

Nearly all Type 1, 2, and 3 waters within the LeClerc basin (WRIA 62) have temperature data 
above the state water quality standards.  However, monitoring has demonstrated that the state 
standard is not achievable in the basin, even under natural circumstances and/or 100% canopy 
cover (WDNR 1997c).  The majority of creeks in the West Branch Little Spokane WAU (WRIA 
55) with conifer-dominated riparian zones do not currently meet target shade levels, and none of 
the alder-dominated stands meet shade targets (WDNR 1997b).   

Other creeks in this region at times have temperatures above water quality standards, including 
Hangman Creek (WRIA 56), Sherman Creek (WRIA 58), Stensgar Creek (WRIA 59), Roosevelt 
Lake and Deep Creek (WRIA 61), and Lost Creek (WRIA 62).  Sanpoil River (WRIA 52) and the 
Colville River (WRIA 59) at times have low dissolved oxygen, but the Colville River has a 
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TMDL for dissolved oxygen (Murray and Pelletier 2003).  Several creeks in the region including 
Hangman Creek, the Colville River, Deep Creek and one of its tributaries have had pH excursions 
(WDOE 1998).   

5.0 HABITAT TRENDS 

Timber harvesting began in earnest in the LeClerc Creek basin between 1915 and 1930.  These 
harvests were facilitated by construction of log-transport flumes, aerial tramways, and railroad 
lines.  Forest fires burned two-thirds of the WAU during the same time period.  Very little timber 
harvesting occurred between World War II and the early 1970s.  Since the 1970s, additional 
timber harvest has occurred, primarily on large industrial private and small private land.  At 
present, the majority of land in the WAU is occupied by mature forest.  Past timber harvest and 
catastrophic fires have reduced the average riparian tree size and often resulted in brushy 
vegetation along stream banks and floodplains.  Cattle grazing impacts to riparian vegetation are 
noticeable in isolated locations.  Road systems needed to accommodate timber management are 
nearly complete; only limited mileage of additional road are likely (WDNR 1997c). 

Over 75 percent of the 38,000-forested acres in the Huckleberry WAU were harvested prior to 
1985.  Timber harvest in the Huckleberry watershed usually involves ground based harvest 
systems.  In the past five years, timber harvests have been predominately partial cuts.  Estimates 
of peak stream discharge changes show increases from 16 to 59 percent.  Throughout most of the 
channel network, moderate entrenchment, moderate to loose channel confinement and low valley 
gradients function to spill flood flows onto adjacent floodplains, reducing the potential for 
channel bed and bank erosion.  The hydrologic and erosion regimes in the WAU have changed 
over time due to agricultural and mining practices, maintenance and development of a 
transportation network, and residential and commercial developments (WDNR 1995). 

Settlers arrived in the West Branch of the Little Spokane during the late 1800s and began logging 
the surrounding mountains.  The West Branch was extensively logged in the 1900s.  Logs were 
skidded by horse to nearby lakes and streams, where they were stockpiled and floated 
downstream.  During the splash-damming era, residents noted a decline in the numbers of salmon 
returning to the West Branch.  An extensive fire occurred in the late 19th century.  Prior to fire 
suppression policies in the 20th century, forest fires in the WAU probably recurred every several 
decades.  The salmon fishery, already in decline, was brought to an abrupt end by the 
construction of Little Falls Dam on the Little Spokane River in 1910 (WDNR 1997b). 

It should be noted that forestlands currently make up approximately 71 percent of the Upper 
Columbia – Upstream region.  Of the total forestlands, 3 percent are under Federal and State 
protection and 44 percent of the total forestlands are under private and State management under 
State forest practices rules (See Tables 3 and 4).   

6.0 FISH RESOURCES 

Salmonid Species 

Grand Coulee Dam is a complete barrier to anadromous fish.  Consequently, the only Federally 
listed fish species present in the Upper Columbia - Upstream region is bull trout, which are listed 
as threatened (WDNR 2001).   The pygmy whitefish, a State listed sensitive species, is currently 
known to be present in three lakes in the region (i.e. Bead and Sullivan Lakes in Pend Oreille 
county, and Osoyoos Lake in Okanogan county; Hallock and Mongillo 1998).  

The following salmonids occur in the Upper Columbia – Upstream region (Table 6).  The asterisk 
next to the species name indicates that the species is introduced and not native to Washington 
State.  This list should not be regarded as an exhaustive list of the species present.   
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Table 6.  Salmonid species presence by WRIA within the Upper Columbia Region 
(Upstream of Grand Coulee) (WDFW 2003). 
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Brown Trout*    X  X X X X X X X X X 
Bull Trout SC FT   X X    X  X X X 
Cutthroat Westslope  FC

o         X X X X 

Eastern Brook Trout*    X  X X X X X X X X X 
Kokanee Salmon   X  X X X   X  X X X 
Rainbow/Redband 
Trout  FC

o X X X X X X X X X X X X 

Whitefish Lake*   X  X       X X X 
Whitefish Pygmy SS             X 
Whitefish Mountain   X  X X X     X X X 
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive (SS), 
State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA Candidate, FCo – 
Federal species of concern. 

 
Other Fish Species 

Table 7 is a list of non-salmonid species that exist in the Upper Columbia – Upstream region 
(WDFW 2003, Wydoski and Whitney 2003).  The asterisk next to the species name indicates that 
the fish is not native to Washington State.  This list should not be regarded as an exhaustive list of 
the species present.   

Status of Salmonid Stocks  

Limited information exists for bull trout within Washington in the Upper Columbia River system.  
Because no trend data existed as of 1998, all Upper Columbia River bull trout stocks currently 
have a State stock status of “Unknown.” 
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Table 7. Non-salmonid Fish Species by WRIA within the Upper Columbia – Upstream 
Region (WDFW 2003, Wydoski and Whitney 2003) 
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Bass, Largemouth*   X  X X X  X  X X X X 
Bass, Smallmouth*   X  X X      X  X 
Bullhead Brown*   X  X  X  X     X 
Burbot   X  X          
Carp Common*   X  X X X  X   X   
Catfish Channel*             X  
Chub Lake SC           X X  
Crappie Black*       X  X      
Crappie General*   X X X X X X X  X X X X 
Crappie White*              X 
Dace Longnose            X   
Dace Speckled   X  X X X X   X   X 
Dace Umatilla SC          X    
Lamprey General   X  X          
MuskieTiger*         X3      
Peamouth   X  X      X X X  
Perch Yellow*   X  X X X X X  X X X X 
Pike Northern*      X X        
Pikeminnow Northern   X  X X X X X X X X X X 
Redside Shiner   X X X X X    X X  X 
Sandroller SM       X       
Sculpin General   X X X X X X X   X X X 
Sculpin Mottled    X  X X        
Sculpin Shorthead            X   
Sculpin Slimy       X   X  X  X 
Sculpin Torrent       X    X    
Starry Flounder   X  X          
Sucker Bridgelip     X       X X  
Sucker Largescale     X X X X X  X  X X 
Sunfish Pumpkinseed*   X  X      X   X 
Sunfish General*   X  X    X3/   X X  
Tench*   X  X X         
Walleye*     X X      X X X 
*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive (SS), 

State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these definitions. 
2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA Candidate, FCo 

– Federal species of concern. 
3/Species information taken from Thompson Creek Watershed Analysis for Newman Lake  (WDNR 1997a). 
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Table 8.  Washington State Stock Status for the Upper Columbia - Upstream 
Region’s Bull Trout (SaSI 1998). 
River Basin Species Stock Status 
Lake Roosevelt  (WRIAs 53, 58, 61) 
Franklin D. Roosevelt Lk Bull Trout Unknown 
Pend Oreille (WRIA 62) 
Pend Oreille Bull Trout Unknown 
South Salmo Bull Trout Unknown 
Granite Creek Bull Trout Unknown 
 
For Washington State Stock Status, Healthy refers to a stock of fish experiencing production 
levels consistent with its available habitat and within the natural variations in survival for the 
stock; Depressed refers to a stock of fish whose production is below expected levels based on 
available habitat and natural variations in survival rates, but above the level where permanent 
damage to the stock is likely; Critical refers to a stock of fish experiencing production levels that 
are so low that permanent damage to the stock is likely or has already occurred; and Unknown 
refers to a stock of fish which has insufficient information to rate stock status.  

Only individual observations have been documented for bull trout in the Lake Roosevelt and 
Spokane River systems.  Individual observations have been documented in the mouths of Onion, 
Hawk, Hunters, and Sherman Creeks (Lake Roosevelt); Boulder Creek and Deadman Creek 
(Kettle River); Big Sheep Creek (Upper Columbia River); and the Spokane River.  No spawning 
activity has been observed.  Within the Pend Oreille, bull trout have been identified within Slate, 
Sullivan, Mill, LeClerc, Cedar and Winchester Creeks; however, no spawning has been 
documented (WDFW 1998, USFWS 2002).   

The Northeast Washington Bull Trout Recovery Unit Team identified one core area (Pend 
Oreille) within the recovery unit.  Only one extant local population (LeClerc Creek complex) 
currently exists within the Pend Oreille core area; however, eight more local populations have 
been identified as needed for recovery.  The Lake Roosevelt, Kettle River, and Spokane River 
systems have been designated as “research needs” areas, which means that additional information 
is needed to evaluate how these areas would contribute towards bull trout recovery.  The result of 
research efforts may include the designation of an additional core area and local population(s) 
(USFWS 2002).   

Redband trout and westslope cutthroat trout are both Federal species of concern.  Although 
redband trout appear to be widely distributed within the Columbia Basin, their status is clouded 
by the uncertainty over taxonomic classification within the species, and by more than a century of 
stocking non-native rainbow trout and steelhead.  Westslope cutthroat trout are also still widely 
distributed throughout the Basin.  However, because of the genetic introgression of remaining 
populations, fragmentation, and the loss of migratory life-history forms, healthy populations may 
be limited to a much smaller proportion of their historical range (Behnke 1992, USDA 1997). 

7.0 AMPHIBIANS 

The Upper Columbia – Upstream region harbors 10 amphibian species, including the established 
introduced bullfrog (Dvornich et al. 1997; McAllister 1995).  All 10 species (including the 
bullfrog) reproduce in stillwater habitats including lakes, oxbows, ponds, temporary ponds and 
other freshwater wetlands with sufficient stillwater habitat.  Stillwater habitats are largely 
dichotomously split between lakes and ponds not associated with riparian systems, and those 
associated with the riparian margins of larger stream or riverine systems.  Since a large proportion 
of the latter have been altered or lost (see Floodplain Conditions/Riparian Conditions sections), 
significant impact to stillwater amphibians is presumed.  Riparian stillwater habitats are also 
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inhabited by introduced warmwater species (bullfrogs and selected fish [i.e. catfish, mosquitofish, 
sunfish], see Table 7); and interactive facilitation may promote the survival of the non-native 
species (Adams et al. 2003) and contribute to the potentially negative effects on native 
amphibians (Adams 1999). 

No known amphibian species from the Upper Columbia – Upstream region is a Forest and Fish 
HCP-covered species.  However, the Rocky Mountain tailed frog occurs in British Columbia and 
Idaho, immediately adjacent to this region.  Since this region has the least biological data in the 
state, a definitive statement about absence of Rocky Mountain tailed frog cannot be made. If 
present, Rocky Mountain tailed frog, like coastal tailed frog, may be at some level of risk because 
sedimentation has the potential to substantially reduce its instream habitat (Bury 1983, Bury and 
Corn 1988, Corn and Bury 1989).  Timber harvest, which can result in significant sedimentation 
(Beschta 1978, Jakob 1999), occurs over a large part of the forested area of the Upper Columbia – 
Upstream region (see Habitat Trends section). Data are currently lacking to address such an 
assessment.  

Although not covered under this Forest Practices HCP, five other amphibians (namely long-toed 
salamander [Ambystoma macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla 
regilla], Cascades frog [Rana cascadae] and rough-skinned newt [Taricha granulosa]) may 
receive some protection as a result of Forests and Fish patch buffer prescriptions.  One of these 
species, western toad (Bufo boreas), has State watchlist (special concern) status (WDFW 2001), 
and has declined elsewhere in its geographic range (Carey 1993), but their status on the Upper 
Columbia is unknown.  Hydrological alteration may have resulted in habitat loss for western 
toads at low elevations. 
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Snake River Regional Summary

SNAKE RIVER  
REGIONAL SUMMARY 

1.0 PHYSICAL DESCRIPTION 
The Snake River region includes four WRIAs (32, 33, 34, and 35).  Major stream systems include 
the Walla Walla, Lower Snake, Tucannon, Grande Ronde, Palouse, and Middle Snake River 
basins.  Portions of Walla Walla, Columbia, Garfield, Whitman, and Asotin Counties are 
contained within the Snake River Region. A map showing the WRIAs of the Snake River region 
is provided in Figure 1. 

The region encompasses the Blue Mountains physiographic province and part of the Columbia 
Basin province (Lasmanis 1991).  Elevations range from 400 feet near the mouth of the Snake 
River to over 6,000 feet in the Blue Mountains, although most forested areas lie above 2,000 feet.  
The climate differs markedly from areas west of the Cascades.   

General Geology 

The Blue Mountains in the headwaters of the Tucannon River watershed are composed of uplifted 
Columbia River flood basalt.  These basalt flows are layered, with individual flows averaging 31 
meters (100 feet) in thickness.  Total thickness of the formation exceeds 900 meters 
(approximately 3000 feet) (McKee 1972 as cited in USFWS 2002).  The Tucannon River 
watershed is generally composed of V-shaped drainages having steep sides and narrow canyons.  
The steep terrain is the result of extensive folding and faulting associated with formation of the 
Blue Mountains.  Geology of the basin consists of consolidated rock formed from Columbia 
River basalt that was overlain by volcanic ash from the eruption of Mount Mazama.   

Soils formed by the volcanic ash are moderately deep, medium-textured and have high infiltration 
rates and water-holding capacity.  These soils are highly sensitive to compaction and are easily 
eroded.  Residual soils formed from the basalt flows are generally shallow and relatively fine-
textured with little water-holding capacity (Ehmer 1978 as cited in USFWS 2002). 

The source of information concerning erosion in the Snake River region is the South Fork 
Touchet watershed analysis (WDNR 1998). 

Mass wasting is limited to steep hillslopes where debris avalanches are triggered by large 
magnitude rain or rain-on-snow events.  Due to the relatively low stream density, many of these 
failures spread and dissipate as they move downslope rather than entering stream channels.  
When they become channelized, debris flows often result.  Large, deep-seated landslides are 
uncommon in the region.  Surface erosion and sediment delivery can be significant where soils in 
close proximity to stream channels have been heavily disturbed or compacted. 

General Hydrology 

The region receives less precipitation and temperature ranges are more extreme.  The climate is 
marine-continental characterized by cold winters and hot summers.  Much of the precipitation 
falls as snow during the winter, although spring and summer rains are common.  Average annual 
precipitation for forested areas of the region range from 15 inches at lower elevations to over 40 
inches at higher elevations. 
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Snake River Regional Summary

Major rivers of the region include the Walla Walla, Tucannon, Grande Ronde, and Palouse, all of 
which are tributary to the Snake River.  The rivers have a snowmelt-driven hydrologic regime; 
most peak flows occur from March through May in response to spring snowmelt.  However, large 
magnitude peak flows result from rain-on-snow precipitation events that occur during the fall and 
winter months.  Low flows generally occur during late summer and early fall, although extreme 
cold can substantially reduce flows during the winter. Based on the DNR stream hydrography 
GIS coverage, there are approximately 8,343 stream-miles (both fish-bearing and non-fish 
streams) in the Snake River region, with an average stream density of 1.17 stream miles/mile2 

(Table 1). 

Table 1.  Stream Miles in the Snake River Region by WRIA
1/
 

 
WRIA 32  

Walla Walla 
WRIA 33  

Lower Snake 
WRIA 34  
Palouse 

WRIA 35 
Middle Snake 

Total Snake River 
Region 

 
Stream Length 
(miles) 

      2,153           372       2,194       3,623        8,343 

      
 
Stream Density 
(miles/mi2) 

        1.52          0.52         0.80         1.61          1.17 

      
1/ Primary Data Source: DNR stream hydrography GIS layer.  Stream miles include all Type 1-5 streams and a portion of 
Type 9 streams.  Because many Eastern Washington Type 9 waters are not defined channels, only 25% of Type 9 
streams are counted as streams in the Ponderosa Pine and drier vegetation zones, 50% are counted in the Mixed Conifer 
vegetation zones, and 75% are counted in the wettest vegetation zones.  These proportions are based on field 
observations by DNR foresters, but are very approximate. 
 

2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 10 percent of all lands in the Snake River region are in Federal ownership and 3 
percent of all lands are being managed in a Federal long-term preservation status, primarily in 
national parks, national wildlife refuges, and wildernesses (Table 2).  About 4 percent of all lands 
is being managed by the Forest Service outside of wilderness.  Other Federal agencies manage 
about 3 percent of all lands.  No Tribal lands exist in the region, but State lands (primarily under 
management for timber production) comprise 6 percent and city/county lands represent less than 
0.1 percent.  Private lands represent 84 percent of the region; they range from 71 percent of the 
Middle Snake WRIA to 92 percent of the Palouse WRIA.  Federal lands follow the reverse 
pattern ranging from 2 percent in the Palouse WRIA to 22 percent in the Middle Snake. 

Land Cover and Use 

Forestland makes up approximately 8 percent of the Snake River region, ranging from 0 percent 
in the Lower Snake WRIA to 16 percent in the Middle Snake WRIA (Table 3).  Agricultural 
lands comprise 52 percent of the region and are particularly prevalent in the Walla Walla and 
Palouse WRIAs.  Shrublands and grasslands also comprise a substantial portion of the region 
representing 29 percent and 8 percent, respectively. 
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A-258

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 63 percent of the forestlands in the Snake River region are in Federal ownership, 
0 percent are in Tribal ownership, 5 percent are in State ownership, and 32 percent are in private 
or other ownership (Table 4).  A Federal or State status of preservation or limited management 
covers approximately 25 percent of the forestlands in the region.  About 40 percent of the 
forestlands are available for Federal or Tribal timber management.  State timber management 
may occur on approximately 3 percent of the forestlands, and 32 percent of the forestlands are in 
private, county, or city ownership, where timber management may occur.  Overall, lands covered 
by the forest practices rules represent approximately 35 percent of the forestlands in the region 
(see Figure 1, which displays these lands). The overall percentage of forestlands subject to the 
State forest practices rules ranges from 13 percent in the Middle Snake WRIA to 81 percent in the 
Palouse WRIA.  No existing HCPs cover the State, private, or other managed forestlands of the 
region. 

Small, 20-acre exempt forest landowners make up less than 0.5 percent of the total forestlands 
and of the forestlands subject to forest practices rules in the Snake River, based on the analysis by 
Rogers (2003).  Although this analysis may represent an underestimate, the accuracy of this 
estimate is not high for this region because of the low sampling percentage. 

Approximately 824 stream miles occur on lands subject to forest practices rules in the Snake 
River region (Table 5).  This represents 10 percent of all streams in the region.  Approximately 
708 miles or 86 percent of the 824 stream miles on lands subject to forest practices rules are 
estimated to be fish-bearing stream miles (based on existing water typing and gradient analysis on 
sample areas).  The percentage of all streams on small, 20-acre exempt forest landowner parcels 
in this region is estimated to be less than 0.5 percent (Rogers 2003). 
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4.0 HABITAT LIMITING FACTORS 

Primary Regional Factors 

Storage dams and their associated impoundments have eliminated spawning and rearing habitat 
and have altered the natural hydrograph of the Snake River, decreasing spring and summer flows 
and increasing fall and winter flows (Mainstem/Systemwide Habitat Summary 2002).  Snake 
River dam construction has also converted riverine habitat to more reservoir-like habitat, 
impacting species composition and increasing predator abundance (USFWS 2002). 

The Bull Trout Recovery Plan (for the Snake River Recovery Unit) identifies till crop production 
and irrigation withdrawals, livestock grazing, logging, hydropower production, introduction and 
management of nonnative species, urbanization and transportation networks as factors adversely 
affecting bull trout (USFWS 2002). 

Within the Walla Walla basin, land use impacts associated with surface water withdrawals, 
dryland agriculture, and residential development have had profound impacts on salmonid habitat.  
Habitat conditions on public lands managed by the USFS (mostly within the headwaters) standout 
in stark contrast to the degraded conditions found on private lands downstream.  Headwaters 
throughout the Blue Mountains provide the last remaining area of refuge for spawning and 
rearing summer steelhead and bull trout (WSCC 2001).  These headwaters are also the only area 
where Rocky Mountain tailed frogs occur in Washington State (Dvornich et al. 1997).  

Sedimentation/Mass Wasting 

Many stream reaches in the Walla Walla basin adjacent to or downstream from private lands 
carry extremely high fine sediment loads derived from erosion of agricultural fields.  This has led 
to embedded and/or buried streambed substrate, significantly reducing the area available for 
salmonid spawning habitat (WSCC 2001). 

The U.S. Forest Service (1998) reported that more than 50 percent of the sediment delivered into 
Asotin Creek from timber harvest activities came from existing roads.  Some of the forested 
drainages in the Asotin Creek watershed have road densities as high as 4.1 to 5.0 miles/mile2.  
Salvage harvest after the 1974 floods have resulted in active erosion, sediment delivery and 
increased stream temperatures in the North and South Fork Asotin Creeks (personal 
communication, Glen Mendel, WDFW, 2002, in USFWS 2002). 

Riparian/Floodplain and Wetland Conditions 

Hydropower production along the Snake River has reduced the mainstem habitat (for the most 
part) to a single channel, floodplains have been reduced in size, and off-channel habitat features 
have been lost or disconnected from the main channel (Mainstem/Systemwide Habitat Summary 
2002). 

Diking, channelization, removing vegetation from riparian zones, and conversion of floodplains 
into agricultural land and road networks have all contributed towards destruction of fluvial 
function and off-channel habitat (e.g. Walla Walla Basin, WSCC 2001; Tucannon River, Asotin 
Creek, USFWS 2002). 

In streams such as Lick Creek (Asotin basin), riparian zones are in poor condition along some 
reaches.  Clear-cuts were used to harvest timber immediately adjacent to the stream edge, and 
trees have not reestablished (USFWS 2002).  Streams in the upper watershed are generally 
reported to contain higher quality riparian zones compared to lower reaches where more 
streamside activities occur (WSCC 2002). 
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Channel/Hydrology Conditions 

Many Walla Walla stream reaches adjacent to or downstream from private lands lack instream 
habitat complexity associated with abundant amounts of LWD, pools, and off-channel habitat.  
Though channel conditions (such as LWD and pool quantities) are not ideal on public lands in the 
headwaters, they are far more favorable to salmonids than those found downstream on private 
lands (WSCC 2001). 

Pool habitat/salmonid resting habitat in lower Asotin Creek is limited in part because sources of 
large woody debris (trees) have been eliminated by timber harvest on private property and 
because livestock have grazed riparian areas (ACMWP 1995).  

Large Woody Debris 

Along with other major channel modifications caused by hydropower (i.e., floodplain and off-
channel habitat, fluctuating flows and water velocities), as well as adjacent land uses on the 
Snake River mainstem, the amount of LWD (large snags and log structures) has been reduced 
(Mainstem/Systemwide Habitat Summary 2002). 

Large woody debris is lacking in nearly all reaches of the Upper Touchet subbasin.  The lack of 
wood is caused by widespread riparian zone degradation and removal of large wood from 
channels in flood control efforts.  An associated impact of the low LWD loading is the lack of 
pool habitat (WSCC 2001). 

Fish Passage 

Hundreds of inadequately screened surface water diversions are present in salmonid bearing 
streams in the Walla Walla basin.  Other structures which hinder salmonid migration in the Walla 
Walla basin include gravel push-up dams, concrete dams, and failed culverts (WSCC 2001). 

Dams within the Tucannon River and Asotin Creek watersheds have had significant historical 
impacts on fluvial bull trout populations (as well as to salmon species) in both streams.  Two of 
these dams are still present and may be affecting bull trout migrations.  Many road culverts with 
variable impacts on fish passage have been identified within the Snake River Bull Trout Recovery 
Unit.  In addition, destruction of riparian zones, leading to high water temperatures, is the most 
significant factor acting to reduce fish movement and habitat use in the middle to lower reaches 
of the Tucannon River and Asotin Creek (USFWS 2002). 

Water Quality Issues 

The Snake River (WRIAs 33 and 35), from its confluence with the Salmon River to its 
confluence with the Columbia River, has been included on the 303(d) list of impaired waters for 
temperature and total dissolved gases (EPA Columbia and Snake River TMDL homepage). The 
Snake River has a TMDL for total dissolved gas (Pickett and Herold, 2003).  

Within the region (e.g. lower Tucannon River, USFWS 2002), many stream reaches exhibit low 
or non-existent summer stream flows and water temperatures far above the tolerance level of 
salmonids.  These conditions are a combination of naturally arid summer climatic conditions, 
surface water withdrawals, removal of riparian vegetation, and disruption of surface water/ground 
water exchanges (hydraulic continuity) through bank armoring, channel straightening, and diking 
of floodplains (WSCC 2001).  The Tucannon River (WRIA 35) is impaired due to high 
temperatures and the Walla Walla River and Mill Creek (WRIA 32) are impaired due to low 
instream flow.  In WRIA 34, the Palouse River is impaired due to high temperatures and low 
dissolved oxygen. 
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Between 1970 and 1989, approximately 2,995 hectares of forest were clearcut along tributaries to 
Asotin Creek in WRIA 35, including Charley Creek, South Fork Asotin Creek, and two 2-hectare 
harvests on both sides of Cougar Creek.  The U.S. Forest Service indicated that these early cuts 
contributed to rises in water temperatures along adjacent streams because all riparian and upslope 
timber was harvested.  Adequate riparian canopy has not regenerated along Cougar Creek where 
these two cuts occurred (ACMWP 1995).  

The State list of impaired waters, in compliance with Section 303(d) of the Clean Water Act, lists 
waters that do not meet water quality standards or fully protect beneficial uses (see 
http://www.ecy.wa.gov/programs/wq/303d/index.html).  Impairments to parameters in this 
region, such as temperature, turbidity, and dissolved oxygen, may be related to forest practices or 
other land uses. 

5.0 HABITAT TRENDS 

Euro-American settlement and natural resource utilization of the Walla Walla River basin 
evolved through four phases:  trapping, livestock production, logging, and agriculture.  
Commercial trapping began in the early 1800s, resulting in greatly reduced beaver populations 
(i.e. Walla Walla basin).  With declining fur supplies in the 1830’s, the operations turned to 
raising livestock (Meinig 1968).  Intense grazing altered the landscape, replacing native perennial 
grasses with invasive annual grasses.  Agriculture production within the lowlands was fully 
utilized by the 1860s.  Farmers were then forced to turn to dryland farming in the uplands (Saul et 
al. 2000).   

With the large influx of settlers in the 1880s, timber harvest began in earnest.  Trees were rarely 
found on the lowlands except near streams.  These lowland riparian zones were dominated by 
deciduous species such as willow, cottonwood, birch, and alder (Dice 1916, Meinig 1968, Saul et 
al. 2000).  Early harvests within the Walla Walla basin focused on the most profitable trees such 
as large Douglas fir and Ponderosa pine.  Harvest then shifted to western larch, grand fir, white 
fir, and lodgepole pine once Douglas fir and Ponderosa pine supplies were exhausted.  Logs were 
commonly yarded across streams, destroying spawning grounds.  Stream channels were also 
modified to reduce road construction costs (Van Cleve and Ting 1960).  Clearcutting was the 
logging method of choice.  Fires were suppressed; a practice that has changed in recent years.  
Fire suppression and past logging activities have resulted in dense stands of immature conifers 
with large amounts of litter on the forest floor (U.S. Forest Service (USDA) and Bureau of Land 
Management (USDI) 1997).  Clearcuts and forest fires have the potential to leave large areas of 
the uplands devoid of mature vegetation, increasing the likelihood of erosion and landslides (mass 
wasting) that can result in serious impacts on fish populations (WSCC 2001). 

Although timber harvest comprises the third largest economic base in the Tucannon River 
watershed, most of the timber-related impacts that occur today in the Snake River Washington 
Bull Trout Recovery Unit are the result of historical timber harvest and road building activities 
(legacy effects) (USFWS 2002).  Agriculture, which comprises 58% of the Walla Walla 
watershed, is the primary component of the economy today (as well as the Asotin and Tucannon 
River watersheds, USFWS 2002) and has degraded salmonid habitat in many areas of the 
watershed.  Forestland and range land cover 25% and 17% respectively (U.S. Army Corps of 
Engineers 1997).   

It should be noted that for the Snake River Region as a whole, forestlands make up approximately 
8 percent.  Of the total forestlands in the region, 25 percent are under Federal and State 
protection.  Thirty-five percent of the forestlands are under private or State management and are 
regulated by the State forest practices rules. (See Tables 3 and 4.) 
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6.0 FISH RESOURCES 

Within the Snake River Region, four Federally listed salmonid fish species occur.  Chinook 
salmon, steelhead trout, and bull trout are listed as threatened.  Sockeye salmon are listed as 
endangered.  For sockeye, however, the Snake River is only used as a migration corridor; 
spawning and rearing occurs in Idaho (WDNR 2001).  The Snake River Washington Bull Trout 
Recovery Unit Team has identified the Tucannon River and Asotin Creek basins as separate core 
areas with the Snake River Washington Recovery Unit (USFWS 2002).  Both the Pacific and 
river lampreys and the margined sculpin are Federally listed as species of concern.   

Salmonid Stocks 

The following salmonids occur in the Snake River Region (Table 6).  The asterisk next to the 
species name indicates that the species is introduced and not native to Washington State.  This list 
should not be regarded as an exhaustive list of the species present.   

Table 6.  Salmonid species presence by WRIA within the Snake River Region 
(WDFW 2003). 
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Brown Trout*   X X X  
Bull Trout SC FT X X  X 
Chinook Fall  FT X X X X 
Chinook Spring  FT X X  X 
Chinook Summer  FT X X X X 
Coho Salmon   X X   
Cutthroat Lahontan     X  
Cutthroat Westslope  FCo   X  
Eastern Brook Trout*      X 
Kokanee Salmon   X  X  
Lake Trout*   X  X  
Rainbow/Redband Trout   X X X X 
Sockeye Salmon  FE X X  X 
Steelhead Summer  FT X X  X 
Steelhead Winter  FT X X   
Whitefish Lake*    X X  
Whitefish Mountain   X   X 

*Introduced species, not native to Washington State. 
1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State 

Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more 
details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA 
Candidate, FCo – Federal species of concern. 
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Other Fish Species 

Table 7 is a list of non-salmonid species that exist in the Snake River Region (WDFW 2003, 
Wydoski and Whitney 2003).  The asterisk next to the species name indicates that the fish is not 
native to Washington State.  This list should not be regarded as an exhaustive list of the species 
present.  The Pacific and river lamprey are both Federal species of concern.  The margined 
sculpin is also listed as State Sensitive and a Federal species of concern.  Within Washington 
State, the margined sculpin is only found within the headwaters of the Walla Walla, Touchet, and 
Tucannon Rivers (WDFW 2003, Wydoski and Whitney 2003).  

Table 7. Non-salmonid Fish Species by WRIA within the Snake River Region 
(WDFW 2003). 
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Bass, Largemouth*   X X X X 
Bass, Smallmouth*   X X X X 
Bullhead Black*    X X  
Bullhead Brown*   X X X  
Bullhead Yellow*    X X  
Burbot    X   
Carp Common*   X X X X 
Carp Grass *   X    
Catfish Channel*   X X X X 
Chiselmouth    X X  
Crappie Black*    X X X 
Crappie General*   X X X X 
Crappie White*   X X  X 
Dace Longnose   X   X 
Dace Speckled   X  X X 
Lamprey Pacific  FCo X X X X 
Lamprey River SC FCo X    
Lamprey Western Brook   X   X 
Peamouth   X  X  
Perch Yellow*    X  X 
Pikeminnow   X X X X 
Redside Shiner   X X X X 
Sandroller SM     X 
Sculpin General     X  
Sculpin Margined SS FCo X   X 
Sculpin Mottled    X   
Sculpin Paiute   X   X 
Sculpin Torrent   X   X 
Starry Flounder   X  X  
Sturgeon White   X X X X 
Sucker Bridgelip   X X X X 
Sucker Largescale   X X X X 
Sucker Mountain SC     X 
Sunfish Blue Gill     X  
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Table 7. Non-salmonid Fish Species by WRIA within the Snake River Region 
(WDFW 2003) (continued). 
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Sunfish Pumpkinseed*   X X X X 
Sunfish General*   X X X X 
Tench     X  
Threespine Stickleback    X   
Walleye*    X X  

*Introduced species, not native to Washington State. 
1The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), State Sensitive 
(SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner (1991) for more details on these 
definitions. 
2The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, FC – ESA Candidate, 
FCo – Federal species of concern. 
 
Status of Salmonid Stocks  

The State and Tribal stock status of fish stocks in the Snake River region is shown in Table 8. 

For Washington State and Tribal Stock Status, Healthy refers to a stock of fish experiencing 
production levels consistent with its available habitat and within the natural variations in survival 
for the stock; Depressed refers to a stock of fish whose production is below expected levels based 
on available habitat and natural variations in survival rates, but above the level where permanent  

Table 8.  Washington State Stock Status for the Snake River Region’s Salmon, 
Steelhead, and Bull Trout.  [Information for salmon and steelhead was taken from the 
Draft SaSI (2002), and the information for bull trout was taken from SaSI (1998).] 

River Basin Species Stock Status 
Walla Walla (WRIA 32) 
Walla Walla River Steelhead Summer Unknown 
Touchet River Steelhead Summer Depressed 
Touchet River Bull Trout/Dolly Varden Unknown 
Mill Creek Bull Trout/Dolly Varden Healthy 
Lower Snake (WRIA 33) 
Snake River Chinook Fall Depressed 
Middle Snake (WRIA 35) 
Tucannon Chinook Spring Depressed 
Snake R/Asotin Creek Chinook Spring Extinct 
Tucannon Steelhead Summer Depressed 
Asotin Creek Steelhead Summer Depressed 
Grande Ronde Steelhead Summer Unknown 
Upper Tucannon Bull Trout/Dolly Varden Healthy 
Asotin Creek Bull Trout/Dolly Varden Unknown 
Grande Ronde-Wenaha Bull Trout/Dolly Varden Unknown 
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damage to the stock is likely; Critical refers to a stock of fish experiencing production levels that 
are so low that permanent damage to the stock is likely or has already occurred; and Unknown 
refers to a stock of fish which has insufficient information to rate stock status.  

7.0 AMPHIBIANS 

The Snake River Region harbors 10 amphibian species, including the established introduced 
bullfrog (Dvornich et al. 1997; McAllister 1995).  Of these 10 species, the largest assemblage 
(including the bullfrog) consists of 9 taxa that reproduce in stillwater habitat including lakes, 
oxbows, ponds, temporary pools, and other freshwater wetlands with sufficient stillwater habitat.  
Most stillwater habitats occur at the lower elevations in the region and are associated with the 
riparian margins of larger stream or riverine systems. Since a large proportion of this habitat has 
been altered or lost (see Floodplain/Riparian Conditions section), significant impact to stillwater 
amphibians is presumed, but systematic surveys across potential historic habitat in much of the 
Snake Region has not been conducted. The lowest elevation stillwater habitats in the Snake River 
Region are also the habitats for introduced warmwater species (e.g. bullfrogs and selected fish 
[catfish, mosquitofish, sunfish], see Table 7).  The interactive facilitation among these introduced 
species, particularly bullfrogs and warmwater fish, may promote the survival of the non-native 
species (Adams et al. 2003) and contribute to potentially negative effects on native amphibians 
(Adams 1999).  The remaining amphibian, Rocky Mountain tailed frog, reproduces in streams 
(Table 9). 

Of the entire amphibian assemblage for the region, the Rocky Mountain tailed frog (Ascaphus 
montanus) is the only Forest and Fish HCP-covered species (Table 9).  The known distribution of 
Rocky Mountain tailed frog lies entirely within portions of WRIAs 32 and 35, the only areas that 
provide suitable habitat in this region.  Known distribution is undoubtedly conservative as no 
systematic surveys, either to understand distribution or determine status (i.e., surveys of historic 
sites), have been performed in the region.  Currently, too few data (only 9 known sites) exist even 
to perform a status survey for this species because of lack of a baseline.  Rocky Mountain tailed 
frog may be at some level of risk because, similar to coastal tailed frog, sedimentation has the 
potential to substantially reduce its instream habitat (Bury 1983, Bury and Corn 1988, Corn and 
Bury 1989); and timber harvest, which can result in significant sedimentation (Beschta 1978, 
Jakob 1999), occurs over most of the Snake River Region where this species is present (see 
Habitat Trends section). 

Although not covered under this Forest Practices HCP, four other amphibians (namely long-toed 
salamander [Ambystoma macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla 
regilla], and Columbia spotted frog [Rana luteiventris]) may receive some protection as a result 
of Forests and Fish patch buffer prescriptions.  One of these species, western toad has State 
watchlist (special concern) status (WDFW 2001) and has declined elsewhere in its geographic 
range (Carey 1993), but its status in the Snake River Region is unknown.  Development and 
hydrological alteration may have resulted in habitat loss for western toads at low elevations. 

Table 9.  Forest and Fish Amphibians of the Snake River Region. 
Habitat 

Active Season 

Group Name Breeding 
Non-

Breeding 
Over-

wintering Regional Distribution 

Frogs 
Rocky Mountain tailed frog  
Ascaphus montanus 

Streams Streams Terrestrial Known only from WRIAs 
32 and 35  
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COLUMBIA BASIN  
REGIONAL SUMMARY 

 

1.0 PHYSICAL DESCRIPTION 

The Columbia Basin region is represented by four WRIAs (36, 41, 42, and 43).  Only the Upper 
Crab-Wilson WRIA (#43) has more than a few hundred acres of forestland; therefore, it is the 
only WRIA that is emphasized in the following discussion.  The forestland that does exist, only 
occurs within a small portion of the eastern corner of the WRIA, close to the boundary of Lincoln 
and Spokane counties.  A map showing the WRIA boundaries of the Columbia Basin region is 
provided in Figure 1. 

The Crab Creek headwaters make up the most significant stream miles; however, sections 
downstream from the headwater springs go dry in the summer months of most years.  The Crab 
Creek watershed is comprised mostly of agriculture (winter wheat) and irrigated pastureland.  
Sparse ponderosa pine occurs in small areas (WDFW 2004). 

Stream Overview 

Crab Creek and its tributaries make up the largest drainage system in the region. Based on the 
DNR stream hydrography GIS coverage, there are approximately 3,688 stream-miles (both fish-
bearing and non-fish streams) in the Columbia Basin region, with an average stream density of 
0.54 stream miles/mile2 (Table 1). 

2.0 LAND OWNERSHIP AND USE 

Major Land Ownership and Management 

Approximately 9 percent of all lands in the Columbia Basin region are in Federal ownership and 
1 percent of all lands are being managed in a Federal long-term preservation status, primarily in 
national wildlife refuges (Table 2).  The primary Federal land managers are the Bureau of 
Reclamation, Department of Energy (Hanford), and the Bureau of Land Management (in 
decreasing order of importance in the region). No Tribal lands exist in the region, but State lands 
comprise 7 percent and city/county lands represent less than 0.1 percent.  Private lands represent 
84 percent of the region; they range from 81 percent of the Esquatzel Coulee WRIA to 90 percent 
of the Upper Crab-Wilson WRIA.   

Land Cover and Use 

Forestland makes up approximately 0.3 percent of the Columbia Basin region, ranging from less 
than 0.05 percent in three of the four WRIAs to 1 percent in the Upper Crab-Wilson WRIA 
(Table 3).  The region is dominated by agricultural lands (53 percent) and shrub-steppe habitats, 
mapped as shrubland (39 percent).  Grasslands make up another 4 percent of the region, and 
water and wetlands, which are especially prominent in the Grand Coulee and Lower Crab 
WRIAs, make up 3 percent of the region. 
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Columbia Basin A-278 Final EIS 
Regional Summary 

Appendix A   

3.0 FORESTLAND OWNERSHIP AND MANAGEMENT 

Approximately 1 percent of the 12,843 acres of forestlands in the Columbia Basin region are in 
Federal ownership, none are in Tribal ownership, 12 percent are in State ownership, and 87 
percent are in private or other ownership (Table 4).  None of the forestlands are protected by a 
Federal or State status of preservation or limited management.  Only about 1 percent of the 
forestlands are potentially available for Federal timber management.  State timber management 
may occur on approximately 12 percent of the forestlands, and 87 percent of the forestlands are in 
private, county, or city ownership, where timber management may occur.  Overall, lands covered 
by the forest practices rules represent approximately 99 percent of the forestlands in the region 
(see Figure 1, which displays these lands).  However, these lands are very limited in extent.  No 
existing HCPs cover the State, private, or other managed forestlands of the region. 

No small, 20-acre exempt forest landowners were identified in the Columbia Basin, based on the 
analysis by Rogers (2003).  However, only a limited amount of the area was analyzed. 

Approximately 20 stream miles occur on lands subject to forest practices rules in the Columbia 
Basin region (Table 5).  This represents 1 percent of all streams in the region.  Approximately 16 
miles or 78 percent of the 20 stream miles on lands subject to forest practices rules are estimated 
to be fish-bearing stream miles (based on existing water typing and gradient analysis on sample 
areas).   
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4.0 HABITAT LIMITING FACTORS 

Little data is currently available for habitat limiting factors.  Subbasin plans are underway, but not 
yet complete.  The Department of Ecology website for Upper Crab/Wilson Watershed Planning 
indicated that the major issues included instream flow in Crab Creek and its tributaries, private 
property rights protection, Odessa sub-area and groundwater supply limitations, water for 
agriculture, water for growing communities, and trout habitat.  Although many reaches of Crab 
Creek and its tributaries go dry during low flow periods, several reaches sustain flow year-round.  
These perennial, groundwater-fed reaches sustain surprisingly vigorous trout fisheries (WDOE 
2003).   WDFW staff also described limiting factors to include insufficient stream flows and high 
stream temperatures, due to lack of shade (primarily from agriculture wheat fields, pastureland, 
and low or lack of stream flow) (WDFW 2004).   

Water Quality Issues 

Although the Crab Creek watershed has impairments for temperature, turbidity and dissolved 
oxygen, none of these impairments are in the forested reach of the upper watershed.   

5.0 FISH RESOURCES 

The fish species listed in Table 6 occur within WRIA 43 of the Columbia Basin region.  The 
asterisk next to the species name indicates that the fish is introduced, and not native to 
Washington State.  This list should not be regarded as an exhaustive list of the species present 
(WDFW 2003). 

Status of Salmonid Stocks  

No known Federal or State listed fish species occur within WRIA 43 of the Columbia Basin 
region.  The only native fish listed in the table above are rainbow trout, speckled dace, sculpin, 
and bridgelip and largescale suckers.  There are no anadromous salmonids within these 
watersheds.  
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Table 6.  Fish species present within WRIA 43 of the Columbia Basin Region 
(WDFW 2003). 

Species St
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Resident Rainbow Trout   X 
Brown Trout*   X 
Bass Largemouth*   X 
Bullhead Brown*   X 
Bullhead Yellow*   X 
Carp*   X 
Crappie Black*   X 
Dace Speckled   X 
Perch Yellow*   X 
Sculpin (sp)   X 
Sucker Bridgelip   X 
Sucker Largescale   X 
Sunfish Pumpkinseed*   X 

1/The Washington State Status classifications include: State Endangered (SE), State Threatened (ST), 
State Sensitive (SS), State Candidate (SC), and State Monitor (SM).  Consult Rodrick and Milner 
(1991) for more details on these definitions. 

2/The Federal Status Classifications include: EX – Extirpated, FE – Endangered, FT – Threatened, 
FC – ESA Candidate, FCo – Federal species of concern. 

 

6.0 AMPHIBIANS   

The Upper Crab-Wilson (WRIA 43) area of Columbia Basin region harbors 7 amphibian species, 
including one established introduced species, the bullfrog (Dvornich et al. 1997; McAllister 
1995).  The entire assemblage (including the bullfrog) reproduce in stillwater habitats including 
lakes, oxbows, ponds, and other freshwater wetlands with sufficient stillwater habitat.  Stillwater 
habitats are also often introduced with warmwater fish (i.e., catfish, mosquitofish, sunfish); and 
interactive facilitation among some introduced species, particularly bullfrogs and warmwater fish, 
may promote the survival of the non-native species (Adams et al. 2003) over that of the native 
amphibians (Adams 1999). 

No amphibian in this assemblage for the region is a Forest Practices HCP-covered species.  
Although not covered under this Forest Practices HCP, four other amphibians (namely long-toed 
salamander [Ambystoma macrodactylum], western toad [Bufo boreas], Pacific treefrog [Hyla 
regilla], Columbia spotted frog [Rana luteiventris]) occurring in this region may receive some 
protection as a result of Forests and Fish patch buffer prescriptions.  One species, western toad 
(Bufo boreas) has State watch list (special concern) status (WDFW 2001), and has declined 
elsewhere in its geographic range (Carey 1993), but their status in WRIA 43 is unknown. 
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RIPARIAN MODELING 
 

1. Introduction 
In forested watersheds throughout the Pacific Northwest, the protection of riparian areas is 
considered critical to the long-term health of aquatic ecosystems (FEMAT 1993; Cederholm 1994; 
Murphy 1995).  The protection of riparian areas usually occurs by restricting management activities 
within an area adjacent to water bodies referred to as the riparian management zone or RMZ.  
Management within the RMZ usually involves the delineation of the RMZ (or several zones within 
the RMZ) and restrictions on management activities within the RMZ (or its zones).  The four 
alternatives under consideration in the EIS represent different strategies for protecting riparian areas 
using different RMZ prescriptions and widths.  In order to compare these alternatives quantitatively 
in the EIS, they were modeled based on: 1) information determined in sampled areas (referred to as 
the sample sections – see below) and 2) total stream miles by type, as measured over the entire State.  
In addition, a number of assumptions were made in order to identify average values for RMZ 
widths, harvest rates, and other parameters to be applied in specific situations.  These assumptions 
were based on the knowledge obtained through studies of the sample areas and the collective 
expertise of Washington DNR foresters with experience in implementation of the pre-1999 and the 
current Washington Forest Practices Rules.  This appendix describes the modeling approaches and 
the assumptions used for the quantitative comparisons.   

The remainder of this appendix is divided into five sections.  These include: 1) description of the 
sample areas; 2) water type modeling for comparing the alternatives; 3) RMZ modeling for 
comparing the alternatives; 4) applying the Large Woody Debris (LWD) Equivalent Buffer Area 
Index (EBAI) to each alternative; and 5) applying the Sediment EBAI to each alternative.  Included 
in each analysis is an introduction, the rationale for the analysis, the assumptions made for the 
analysis, and the results of the analysis.  For some of the analyses (e.g., the LWD EBAI) there are 
multiple steps with separate assumptions; these are described for each step.  

2. Description of Sample Areas 
Forestlands subject to the Washington State Forest Practices Rules cover 11.4 million acres 
(including all lands within existing HCPs).  The alternatives were modeled and quantitatively 
compared in this EIS using a random sample of one square mile sections of the State, selected using 
a Geographic Information System (GIS)-based random sampling method.   

The sample was stratified by ownership (private vs. State) and the side of the State (westside vs. 
eastside).  The requirements were that the sections must contain some forestland, must contain either 
private or State ownership, and must not be entirely within an existing Habitat Conservation Plan 
(HCP) or Urban Growth Area (UGA) as of 1999.   

Three categories of land within Washington State were randomly sampled: 1) Eastside State, 2) 
Eastside Private, and 3) Westside Private.  The categories sampled were limited to these three 
because they represent the vast majority of lands in Washington State subject to Washington Forest 
Practices Rules.  Westside State lands were not sampled and few private HCP lands were included 
because these lands are managed under existing HCPs, where protection measures aren’t necessarily 
the same as the Washington Forest Practices Rules.  Similarly, few UGA lands were included 
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because these lands are not likely to remain subject to Washington Forest Practices Rules over the 
long term because of their high likelihood for conversion to non-forest uses. 

A total of 186 sections was selected, including 92 sections containing private forestland on the 
westside, 65 sections containing private forestland on the eastside, and 29 sections containing State 
forestland on the eastside.  Table B-1 itemizes the number of sections sampled and the acres of 
forestland in each sample section by region of the State. 

The analyses that required spatial measurements were evaluated on these sample sections.  GIS 
coverages used in the analyses included Washington DNR hydrography (streams by type), soils 
(including site class), vegetation (including seral stage), topography (from 10-meter digital elevation 
models), and others.  The primary analyses conducted using these sample sections are described in 
Section 3 (Water Type Modeling). 

Table B-2 lists the three sample categories and the forested area sampled within each category, as 
well as the distribution of these categories throughout Washington State.  A total of about 91,787 
acres of forestlands was sampled.  Because the proportion of eastside State lands sampled (2.0%) 
was higher than the proportion of eastside private land area sampled (0.8%), it was necessary to 
weight the eastside data before combining the two.  The weighting factor used was 0.8 / 2.0 = 0.36 
(i.e., all eastside State totals were multiplied by this factor before combining the data with eastside 
private data for the purpose of estimating eastside averages). 

Table B-1. Total Acreage and Number of Sample Sections Selected to Represent Washington 
State Forestlands Subject to Washington Forest Practices Rules by Region. 

 Private Lands  State Lands 

Region # of Sections

Total Acres in 
Sample 
Sections  # of Sections 

 Total Acres in 
Sample 
Sections 

Westside 
North Puget Sound 13 6,546 - - 
South Puget Sound 9 5,257 - - 
West Puget Sound 15 7,170 - - 
Islands 0 0 - - 
Olympic Coast 8 2,723 - - 
Southwest 26 16,016 - - 
Lower Columbia 21 11,532 - - 
     
Subtotal 92 49,246 - - 

    
Eastside     
Middle Columbia 12 7,662 8  3,376 
Upper Columbia – Below Grand Coulee 17 7,399 18 11,409  
Upper Columbia – Above Grand Coulee 32 18,070 3  1,554  
Snake River 3 1,535  - - 
Columbia Basin 1 319  - - 
     
Subtotal 65 34,984  29 16,339  
Grand Total 157  84,230  29  16,339  
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Table B-2. Forested Area of Washington State and Sample Sections for each of the Three 
Categories Randomly Sampled (the percent of area represented in the sample sections 
is also given). 

Categories Sampled 
Total WA State 

Forested Area (ac) 
Forested Portion of 
Sampled Area (ac) Percent Sampled (%) 

Eastside State 745,035 14,703 2.0 
Eastside Private 2,619,736 21,090 0.8 
Westside Private 6,289,303 43,719 0.7 
Total 8,750,250 91,787 1.0 

On the eastside, 2.0 percent of the total area of forested State lands was sampled and 0.8 percent of 
the private forested lands was sampled (Table B-2).  Of the total forested State and private lands on 
the eastside, 22 percent are State lands and 78 percent are private. 

3. Water Type Modeling 
3.1 Introduction 
Water typing is a systematic classification of streams and other water bodies in groups or classes 
according to specified criteria.  These criteria include physical characteristics, processes, and 
beneficial uses.  In Washington, different water types are used to protect beneficial uses (e.g., fish 
habitat and water quality).  Washington Department of Natural Resources (DNR) and other State 
agencies currently use presence of fish and protection of downstream water quality to classify 
surface waters for management purposes.  On State and private forestlands, the classification of 
surface waters dictates the management activity permitted adjacent to the water type.   

The permanent water typing system is defined in the rules (see WAC 222-16-030) and is based on a 
GIS-based multi-parameter field-verified logistic regression model.  Maps identifying waters under 
this system are not yet available.  Therefore, forest practices in RMZs are regulated according to an 
interim water typing system (WAC 222-16-031).  This system is based on a number of criteria 
identified in the current Washington Forest Practices Rules, including stream gradient, stream width, 
basin size, and other factors.  These factors were used to represent No Action Alternative 1-Scenario 
2 in this EIS, since it is assumed that the interim system would continue to be used.  In order to 
quantitatively compare No Action Alternative 1-Scenario 2 with the other alternatives, modeling 
was used to represent No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, which would 
each use the permanent water typing system defined in the rules (not the interim system), and 
Alternative 4, which would use a completely new system.  This appendix describes the water typing 
under the alternatives and the modeling used to represent these alternatives. 

3.2 Description of Water Typing Under the Alternatives 
This section describes the water typing system that would be implemented under each of the 
alternatives.  

3.2.1 No Action Alternative 1-Scenario 2 
Under No Action Alternative 1-Scenario 2, water typing would be the same as the interim rules. The 
five water types in the interim system are defined as follows: 
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• Type 1:  Major waterways of the State including rivers, lakes, and saltwater.  This includes all 
waters inventoried as “shorelines of the State.” 

• Type 2:  Waters, not classified as Type 1, which have high fish, wildlife, or human use.  They 
generally are streams having a defined channel 20 feet or greater within the bankfull width and 
having a gradient of less than 4 percent. 

• Type 3:  Waters, not classified as Type 1 or Type 2, which have moderate to slight fish, wildlife, 
or human use.  They generally have a defined channel of 2 feet or greater within the bankfull 
width in western Washington and 3 feet or greater in width in eastern Washington, with a 
gradient of 16 percent or less.  Waters of this size, but having a gradient between 16 and 20 
percent may also be classified as Type 3 if they have a contributing basin size of at least 50 
acres in western Washington and at least 175 acres in eastern Washington. 

• Type 4:  Waters within the bankfull width of defined channels that are perennial non-fish habitat 
waters.  Generally they are waters not classified as Type 1, Type 2, or Type 3, and which have a 
contributing basin size of: a) at least 13 acres in the western Washington coastal zone (Sitka 
Spruce zone of Franklin and Dyrness 1973); b) at least 52 acres in other locations in western 
Washington; and c) at least 300 acres in eastern Washington. 

• Type 5:  Waters not classified as Type 1, Type 2, Type 3, or Type 4.  They are seasonal non-fish 
waters. 

3.2.2 No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 
Under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3, water typing would 
follow the current rules.  In this system, four water types are recognized, which are defined as 
follows: 

• Type S: All waters inventoried as “shorelines of the State.” 

• Type F: Waters not classified as Type S, which contain fish habitat.  It also includes some 
waters diverted for domestic use, waters diverted for fish hatchery use, waters within certain 
campgrounds, and riverine ponds and off-channel habitats used by fish.  

• Type NP: Waters within the bankfull width of defined channels that are perennial non-fish 
habitat waters. Generally they are waters which have a contributing basin size of: a) at least 13 
acres in the western Washington coastal zone (Sitka Spruce zone of Franklin and Dyrness 
1973); b) at least 52 acres in other locations in western Washington; and c) at least 300 acres in 
eastern Washington. 

• Type NS: Waters within the bankfull width of defined channels that are not Type S, Type F, or 
Type NP waters.  They must be physically connected to one of these other water types by an 
above-ground channel system. 

3.2.3 Alternative 4 

• Under Alternative 4, a geomorphic-based system consisting of three water types is defined as 
follows: 

• Waters with a gradient from 0 to 20 percent; these are channels considered to be important for 
fish. 
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• Waters with a gradient from 21 to 30 percent; these are channels considered to be important for 
coarse sediment storage and as a source of LWD. 

• Waters with a gradient greater than 30 percent; these are channels considered to be important 
because they are prone to channelized landslides and as a source of LWD.  

3.3 Modeling of the Alternative Water Typing Systems 
To model the three alternative groupings the existing Washington DNR GIS hydrography coverage, 
consisting of surface water location and water type, was used along with a channel gradient 
classification (based on 10-m digital elevation models [DEMs]) and estimated basin size (estimated 
using 1:24,000 scale topographic maps). 

3.3.1 Initial Approach 
The following steps were taken using the sample sections described in Section 2: 

• The 2004 Washington DNR hydrography layer was acquired for the sample sections within 
Washington State.  Washington DNR hydrography layer classifies waters as Types 1, 2, 3, 4, 5, 
or 9.  

• A GIS ArcInfo macro language (AML) script was used to assign gradients to the waters in the 
sample sections based on the 10-m DEMs.  Gradient classes were mapped along each channel 
segment; these were broken down into four classes:  0 to 16 percent, 17 to 20 percent, 21 to 30 
percent, and greater than 30 percent.   

• In order to improve the quality of the gradient classification, an individual map of each section 
containing the above information along with water type was printed on a topographic map and 
reviewed by a biologist.  Because the computer-generated gradient classification sometimes 
gave irregular values, the gradient classes were manually adjusted to the nearest regular value. 
In addition, contributing basin sizes were measured for those reaches where basin sizes were 
close to the appropriate threshhold described for each alternative.   

3.3.2 No Action Alternative 1-Scenario 2 Approach 
The waters identified in the State’s GIS hydrography coverage have been classified according to the 
system in place prior to 1999.  Therefore, the mapped water types do not reflect the interim water 
typing system and had to be converted to the interim system.  The following rules were applied for 
modeling (note that the codename for water types under this alternative is Alt1Code): 

Western Washington 
If Type 1, Alt1Code = 1 
If Type 2, Alt1Code = 2  
If Type 3, Alt1Code = 3  
If Type 4, 5, or 9 and Gradient = 0-16%, then Alt1Code = 3 
If Type 4, 5, or 9 and Gradient = 16-20% and Basin > 50 acres, then Alt1Code = 3  
If Type 4, 5, or 9 and Gradient = 16-20% and Basin < 50 acres, then Alt1Code = 4/5 
If Type 4, 5, or 9 and Gradient > 20%, then Alt1Code = 4/5  
 

Eastern Washington 
If Type 1, Alt1-S2Code = 1 
If Type 2, Alt1Code = 2  
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If Type 3, Alt1Code = 3  
If Type 4, 5, or 9* and Gradient = 0-16%, then Alt1Code = 3 
If Type 4, 5, or 9* and Gradient = 16-20% and Basin > 175 acres, then Alt1Code = 3  
If Type 4, 5, or 9* and Gradient = 16-20% and Basin < 175 acres, then Alt1Code = 4/5 
If Type 4, 5, or 9* and Gradient > 20%, then Alt1Code = 4/5  
 

*In Eastern Washington, because many Type 9 waters lack defined stream channels a portion of 
them were eliminated.  The portion eliminated varied with the vegetation zone (75% eliminated in 
Ponderosa Pine, 50% eliminated in Mixed Conifer, and 25% eliminated in High Elevation).  The 
percentages assumed to lack defined channels were based on observations made by field foresters 
and reflect the lower precipitation levels and corresponding lower stream densities in the Ponderosa 
Pine zone and higher precipitation levels and corresponding higher stream densities in the High 
Elevation zone. 

3.3.3 No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 Approach 
For No Action Alternative 1-Scenario 1 and Alternatives 2 and 3, the following rules were applied 
for modeling (note that the codename for water types under these alternatives is Alt2Code): 

Western Washington – Fish habitat (S and F) vs. Non-fish habitat 
If Type 1, then Alt2Code = S 
If Type 2 or 3, then Alt2Code = F 
If Type 4, 5, or 9 and Gradient = 0-16%, then Alt2Code = F 
If Type 4, 5, or 9 and Gradient = 16-20% and Basin > 50 acres, then Alt2Code = F  
If Type 4, 5, or 9 and Gradient = 16-20% and Basin < 50 acres, then Alt2Code = Non-fish
  (see below) 
If Type 4, 5, or 9 and Gradient > 20%, then Alt2Code = Non-fish (see below) 

 
Western Washington Non-fish habitat streams 

If Basin > 13 acres in Sitka Spruce Zone, then Np 
If Basin > 52 acres in other Western Washington areas, then Np 
Otherwise Ns  
 

Eastern Washington – Fish habitat (S and F) vs. Non-fish habitat 
If Type 1, then Alt2Code = S 
If Type 2 or 3, then Alt2Code = F 
If Type 4, 5, or 9* and Gradient = 0-16%, then Alt2Code = F 
If Type 4, 5, or 9* and Gradient = 16-20% and Basin > 175 acres, then Alt2Code = F  
If Type 4, 5, or 9* and Gradient = 16-20% and Basin < 175 acres, then Alt2Code = Non-fish
  (see below) 
If Type 4, 5, or 9* and Gradient > 20%, then Alt2Code = Non-fish (see below) 
  

*In Eastern Washington, because many Type 9 waters lack defined stream channels, a portion of 
them was eliminated.  The portion eliminated varied with the vegetation zone (75% eliminated in 
Ponderosa Pine, 50% eliminated in Mixed Conifer, and 25% eliminated in High Elevation). The 
percentages were based on observations made by field foresters and reflect the lower precipitation 
levels and corresponding lower stream densities in the Ponderosa Pine zone and higher precipitation 
levels and corresponding higher stream densities in the High Elevation zone. 
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Eastern Washington Non-fish habitat 
If Basin > 300 acres, then Np 
If Basin < 300 acres, then Ns 

3.3.4 Alternative 4 Approach 
For Alternative 4, the following rules were applied for modeling (note that the codename for water 
types under this alternative is Alt4Code): 

Western Washington 
For all water types, if Gradient <20%, then Alt4Code = 1 
For all water types, if Gradient = 20-30%, then Alt4Code = 2 
For all water types, if Gradient >30%, then Alt4Code =3 

Eastern Washington 
For all* water types, if Gradient <20%, then Alt4Code = 1 
For all* water types, if Gradient = 20-30%, then Alt4Code = 2 
For all* water types, if Gradient >30%, then Alt4Code =3 

 
*In Eastern Washington, because many Type 9waters lack defined channels a portion of them was 
eliminated.  The portion eliminated varied with the vegetation zone (75% eliminated in Ponderosa 
Pine, 50% eliminated in Mixed Conifer, and 25% eliminated in High Elevation). The percentages 
assumed to lack defined channels were based on observations made by field foresters and reflect the 
lower precipitation levels and corresponding lower stream densities in the Ponderosa Pine zone and 
higher precipitation levels and corresponding higher stream densities in the High Elevation zone. 
3.4 Results of Water Type Modeling 
The distribution of forested stream miles in the sample sections according to mapped water types in 
Washington DNR Hydrography layer is shown in Table B-3.  Tables B-4, B-5, and B-6 display the 
number of forested stream miles in the sample sections after conversion for No Action Alternative 
1-Scenario 1, No Action Alternative 1-Scenario 2 and Alternatives 2 and 3, and Alternative 4, 
respectively.  

Table B-3. Stream Miles by Mapped Water Type for Forested Lands in the Sample Sections. 
 Mapped Water Types  

Water Type 
 1 2 3 4 5 9 Grand Total 
Westside-Private Lands 57.5 6.9 72.2 44.2 143.4 139.0 463.2 
Eastside-Private Lands 19.4 8.3 15.4 35.9 94.7 115.8 289.4 
Eastside-State Lands 1.6 0.9 13.0 12.9 28.8 52.6 109.7 
Total Sample 78.5 16.1 100.6 93.0 359.9 307.4 862.3 
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Table B-4. Stream Miles by Modeled Water Type for Forested Lands in the Sample Sections 
under No Action Alternative 1-Scenario 2. 

 No Action Alternative 1-Scenario 2  
Water Type 

 1 2 3 4 5 Grand Total 
Westside-Private Lands 57.5 6.9 170.2 114.3 114.3 463.2 
Eastside-Private Lands 19.4 8.3 89.3 86.2 86.3 289.4 
Eastside-State Lands 1.6 0.9 41.3 33.0 33.0 109.7 
Total Sample 78.5 16.1 300.8 233.5 233.6 862.3 
 
Table B-5. Stream Miles by Modeled Water Type for Forested Lands in the Sample Sections 

under No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3. 
No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 

Water Type  
 S F Np Ns Grand Total 
Westside-Private Lands 57.5 177.1 57.2 171.4 463.2 
Eastside-Private Lands 19.4 97.6 43.1 129.3 289.4 
Eastside-State Lands 1.6 42.2 16.5 49.4 109.7 
Total Sample 78.5 316.9 116.8 350.1 862.3 
 
Table B-6. Stream Miles by Modeled Water Type for Forested Lands in the Sample Sections 

under Alternative 4. 
 Alternative 4  

Stream Gradient  
 0-20% 20-30% >30% Grand Total 
Westside-Private Lands 268.7 69.0 125.5 463.2 
Eastside-Private Lands 167.9 43.1 78.4 289.4 
Eastside-State Lands 63.6 16.3 29.7 109.7 
Total Sample 500.2 128.4 233.6 862.3 

 

4. RMZ Area Modeling 
4.1 Introduction 
Chapter 2 of this EIS provides a detailed description of how the RMZs are delineated and protected 
under each alternative.  This section describes how the RMZ zones for each alternative were 
modeled spatially across the landscape so that an estimate of the amount of area protected within 
each zone could be calculated.  The spatial modeling was conducted using the sample sections 
described in Section 2, the water type modeling described in Section 3, and the Washington DNR 
GIS hydrography layer.   

As outlined in Section 3, the alternative groups rely on different water typing systems.  The RMZ 
rules for each alternative group vary by water type.  In addition, depending on the alternative group, 
RMZ width depends on whether the stream is in western or eastern Washington, channel width, 
substrate type, and other factors. Modeling the effects of the different RMZ rules required making 
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assumptions about average buffer widths applied in the field.  The sections below describe each 
assumption, as well as the rationale for making it. 

As a general caveat: we emphasize that in many cases these are generalized assumptions for 
modeling purposes only.  We acknowledge that many site-specific factors could result in more or 
less protection under the different alternatives.  However, since the goal of this analysis is to provide 
an objective, quantifiable and reproducible comparison of the alternatives across Washington State 
(as opposed to an exact prediction of the effects on each sample area), these assumptions are 
appropriate.  

4.2 Task 1 – Defining Stream Widths 

4.2.1 Rationale 
Because total RMZ widths include the bankfull width as well as the RMZ width on each side of the 
stream, it was necessary to assign a representative bankfull width to each water type.  In this way, 
the total area protected by RMZs (including the bankfull area) could be determined under each 
alternative.   

4.2.2 Assumptions 
The analysis presented in Washington Forest Practices Board (2001) was used to establish a 
“representative” (average) bankfull width by water type, stratified by east and westside.  The 
following assumptions were made to determine bankfull widths associated with mapped water types 
in the Washington DNR hydrography layer: 

• Ordinary high water mark (OHWM) (FPB 1998) is considered equal to bankfull width (Rosgen 
1996).   

• Type 1 bankfull width was based on the analysis presented in Washington Forest Practices 
Board (2001).  It also utilized the TFW report 1988-90 Cumulative Report-data appendix 
(WDW 1991).  This document collected channel width data across Washington State and 
calculated the average stream channel width by stream water type stratified by east and 
westside.   

• Type 2 waters include all waters designated as Type 2 streams in the Washington DNR 
hydrography layer.  The TFW report 1988-90 Cumulative Report-data appendix (WDW 1991) 
was used to define the average channel width of Type 2 waters stratified by eastside and 
westside of the State.   

• Type 3 waters include all waters designated as Type 3 streams in the Washington DNR 
hydrography layer.  The TFW report 1988-90 Cumulative Report-data appendix (WDW 1991) 
was used to define the average channel width of Type 3 waters stratified by eastside and 
westside of the State.   

• Type 4 waters include all waters designated as Type 4 streams in the Washington DNR 
hydrography layer.  It was assumed that bankfull width for all Types 4 streams was 5 feet or 
less.  The TFW report 1988-90 Cumulative Report-data appendix (WDW 1991) did not 
calculate average bankfull widths for Type 4 waters.  For modeling purposes it was decided to 
use the maximum width rather than the average since there was no data available to provide 
guidance on the average width of Type 4 waters.   

• Type 5 waters include all waters designated as Type 5 streams in the Washington DNR 
hydrography layer.  It was assumed that bankfull width for Type 5 streams was 2 feet or less.  
The TFW report 1988-90 Cumulative Report-data appendix (WDW 1991) did not calculate 
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average bankfull widths for Type 5 waters.  For modeling purposes it was decided to use the 
maximum width rather than the average since there was no data available to provide guidance 
on the average width for Type 5 waters. 

Table B-7 presents the average bankfull widths used for mapped water types.   Table B-8 presents 
the average widths used for modeling RMZs under each alternative, based on the widths and relative 
proportion of mapped water types that make up the modeled water types.  

Table B-7. Average Bankfull Widths by Water Type and Region Assumed for Mapped Water 
Types. 

Bankfull Width (feet) 
Region Type 1 Type 2 Type 3 Type 4 Type 5 

Westside  60 31 15 5 2 
Eastside 50 25 12 5 2 

 
Table B-8. Average Bankfull Widths by Stream Water Type and Region Used for Modeling RMZ 

Areas under Each Alternative. 
Region Bankfull Width (feet) 

Alternative 1-Scenario 2 
Water Type  1 2 3 4 5 
Westside  60 31 8 4 4 
Eastside 50 25 6 3 3 
No Action Alternative 1-Scenario 1, Alternative 2, and Alternative 3 
Water Type  S F Np Ns 
Westside   60 10.5 5 2.5 
Eastside  50 7.5 5 2 
Alternative 4 

Water Type   
0 – 20% 
Gradient 

20 – 30% 
Gradient 

>30% 
Gradient 

Westside    60 9 4 
Eastside   50 5 2 

 

4.3 Task 2 – Modeling RMZ Areas Protected Under Each Alternative 
There are many factors that influence RMZ widths under the alternatives that could not be readily 
modeled across the State using our generalized GIS-based analysis. The assumptions that are 
defined below for the westside and eastside RMZs were peer reviewed by Washington DNR 
foresters that regulate forest practices in the field.  It is recognized that these are generalized 
assumptions for modeling purposes and that many site-specific factors may result in more or less 
protection than applied in this exercise.  However, the following assumptions were made to quantify 
acres of RMZs under the alternatives. 

4.3.1 Assumptions Tables 
Tables B-9 through B-14 show the assumed average bankfull width, RMZ management, rationale, 
and other information, for each RMZ zone under each alternative and on each side of the State.  The 
first column identifies the RMZ zone width based on the distance from the bankfull width. 
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The second column presents the management intensity within each RMZ zone.  The fact that each 
alternative group uses a different water typing system, has different levels of RMZ management and 
different RMZ zone widths creates difficulties in making straightforward comparisons between 
modeled outcomes for RMZ areas.   In order to compare RMZ acres, it was necessary to classify 
each RMZ zone into similar management intensity categories.  Three categories were developed for 
comparisons:  no-cut, light selective harvest (10-30 percent volume removal), and moderate-heavy 
selective harvest (70-90 percent volume removal).  The management allowed in each RMZ zone 
under each alternative was assigned to one of these categories. 

The third column represents the rationale for each of the assumptions and is based on field 
experience and knowledge of average conditions in the field.  Much of this information was gained 
through conversations with Washington DNR foresters who regulate forest practices in the field.  In 
addition, information was collected from the sample sections for the purpose of quantifying the 
assumptions.  This information included: the relative abundance of site classes on State and private 
forestlands and the average CMZ width for major streams.  

The fourth column presents the assumed area reduction due to RMZ width and is an adjustment 
factor to account for the fact that buffers on intersecting streams overlap.  The column gives the 
approximate percentage of RMZ area associated with each RMZ that overlaps with other RMZs on 
larger streams.  This percentage was estimated using GIS and was based on examining RMZ overlap 
patterns on the sample sections. 
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4.3.2 Process for Developing RMZ Area (acres) Estimates for the Alternatives 
Eestimating RMZ acreages under each alternative included several steps: 

1) The water type models described in Section 3.3 were applied to the existing mapped waters 
in the Washington DNR hydrography coverage in the sample sections.  The percentage of 
existing mapped Type 1, 2, 3, 4, 5, and 9 waters that correspond to each new water type 
under each alternative was then quantified. 

2) Total stream miles on all covered lands were quantified using GIS and Washington DNR 
hydrography coverage by mapped water type. 

3) The proportion of the existing mapped water types that make up the alternative water types 
were then multiplied by the total stream miles and summed for each of the alternative 
groups.  This produced an estimate of the number of stream miles for each alternative water 
type. 

4) Finally, the average values defined in the assumptions tables (Tables B-9 through B-14) 
were applied to the estimated total stream miles for each alternative, water type, and side of 
the State.  These values were summed to develop an estimate of total RMZ areas (acres) 
under each alternative. 

The result of this process was the production of total RMZ area estimates (in acres) by RMZ 
management category, and by alternative, as presented in Tables B-15 and B-16 and shown 
graphically in Figures B-1 and B-2. 

Table B-15. Estimated RMZ acres on Private (including City and County) Forestlands in Western 
Washington.1/ 

Treatment Type 
No Action 

Alternative 1-Scenario 2

No Action  
Alternative 1-Scenario 1 

Alternative 2 
Alternative 3 Alternative 4

No Harvest 263,000 502,000 2,603,000
Light Selective Harvest 196,000 499,000 0
Moderate-Heavy Selective Harvest 84,000 233,000 0
Stream Area2/ 88,000 88,000 93,000
Total 631,000 1,322,000 2,695,000
1/  Total area in western Washington private forestlands is approximately 6,289,000 acres. 
2/  Stream area varies slightly among alternatives due to modeling. 
 
Table B-16. Estimated RMZ acres on Private (including City and County) Forestlands in Eastern 

Washington. 1/ 

Treatment Type 
No Action 

Alternative 1-Scenario 2

No Action 
Alternative 1-Scenario 1 

Alternative 2 
Alternative 3 Alternative 4

No Harvest 74,000 107,000 854,000
Light Selective Harvest 43,000 205,000 0
Moderate-Heavy Selective Harvest 60,000 42,000 0
Stream Area2/ 19,000 20,000 17,000
Total 196,000 374,000 871,000
1/ Total area in eastern Washington private and state forestlands is approximately 3,365,00. 
2/ Stream area varies slightly among alternatives due to modeling. 
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Figure B-1. Estimated RMZ Areas (acres) on Western Washington Private (including City and 
County) Lands (total area in western Washington private forestlands is 
approximately 6,289,000 acres).
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Figure B-2. Estimated RMZ Areas (acres) on Eastern Washington Private (including City and 

County) and State Lands (total area in eastern Washington private and State 
forestlands is approximately 3,365,000 acres). 

-

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

900,000

1,000,000

A
cr

es

Moderate-Heavy Selective Harvest Zone
Light Selective Harvest Zone
No-Harvest Zone
Stream Area (Bankfull Width)

Alternative 1-Scenario 2 Alt.1-Scenario 1, Alternative 2, 
and Alternative 3

Alternative 4



 
 
  
 
 
 

Final EIS Riparian Modeling 

Appendix B 

B-27

 
5. Equivalent Buffer Area Index (EBAI) Methodology for LWD 
The equivalent buffer area index (EBAI) was developed by the authors of this EIS as a tool for 
comparing alternatives in terms of the level of ecological function conserved by various 
management practices. The EBAI concept is used here to evaluate the contribution of large woody 
debris (LWD) from proposed or existing riparian buffers. 

It was useful to develop the LWD EBAI because studies in the literature typically, but not 
exclusively, evaluate buffer widths based on “no harvest,” or preservation of mature forest with no 
disturbance.  New management strategies include riparian areas that are divided into zones allowing 
different levels of timber harvest and thus, are not directly comparable to the buffers in the literature.  
Similarly, existing riparian buffers in a given watershed may be a mixture of widths and activities, 
as a result of multiple jurisdictions, or Washington Forest Practices Rules that have changed over 
time. 

The EBAI methodology takes into account management activities within the buffer zone.  It 
combines the impacts of activities within riparian management zones (RMZ) to compare potential 
LWD recruitment by alternative. 

The EBAI for LWD recruitment potential is a quantitative measure that compares the potential of a 
riparian area to provide woody debris to streams originating from tree mortality, windthrow, and 
bank undercutting (which are mainly a of slope distance from the stream channel in relationship to 
tree height).  The EBAI value was determined for each alternative based upon the mature conifer 
curve of LWD recruitment potential by McDade et al. (1990) that relates cumulative percent of 
LWD recruitment with distance from the stream bank in terms of tree height.  This model was used 
to calculate the percent of LWD recruitment potential that is provided by each RMZ zone identified 
in Tables 3-8 and described in Section 4.  The LWD recruitment potential for each RMZ zone was 
reduced by the degree of harvest within each zone.  The EBAI values for each zone were summed 
for each water type to establish a Recruitment Potential Index (RPI) for each water type under each 
alternative.  These RPIs were multiplied by the number of stream miles to develop an overall index 
for a region for all water types or a group of water types (e.g.,all fish-bearing waters).  

LWD EBAIs were developed in this way for all waters, all fish-bearing waters, all non-fish 
perennial waters, and all non-fish seasonal waters for each alternative.  They were developed for 
both western and eastern Washington.  In order to quantify this relationship using a range of 
assumptions for full protection of LWD recruitment potential, we developed indexes assuming both 
100-year and 250-year old trees are required for full protection. 

As an example, consider a Type F stream in western Washington under Alternative 2.  From Table 
B-11, the assumptions for the RMZ of this stream are that there is a CMZ that is 10 feet wide, 
followed by a 50-foot core zone, followed by a 60-foot inner zone in which a light selection harvest 
is assumed (30% volume removal), followed by a 45-foot outer zone in which a moderate-heavy 
selection harvest is assumed (70% volume removal).  This gives a total RMZ width of 155 feet plus 
a 10-foot CMZ.  The total RMZ width of 155 feet is based on an average of Site Class II and III 
areas [(140+170)/2], which represent the most common site classes on the covered lands.  Next, it is 
necessary to go to the McDade (1990) mature conifer curve, which has been standardized for 155 
feet, which is the buffer distance that assumes full protection for the 100-year SPTH.  This curve 
reads the cumulative percentage of LWD contribution in relation to the distance from the stream.  In 
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our example, we need the percent of the total LWD contributed by the different RMZ zones (e.g., 0-
10 ft., 10-60 ft., 60-120 ft., and 120-165 ft.).  The values are 17% for the 0-10-foot zone, 62% for 
the 10-60-foot zone, 18% for the 60-120-foot zone, and 3% for the 120-165-foot zone.  The last step 
is to multiply the contribution percentage by the tree retention percentage for each RMZ zone and 
sum them up.  So  

0.17 x 1.0 + 0.62 x 1.0 + 0.18 x .7 + 0.03 x 0.3 = 0.925  

Therefore, the RMZ under Alternative 2 for Type F streams in western Washington would provide 
for an estimated 92.5% of full LWD recruitment potential, given the assumption that full recruitment 
potential is achieved at a buffer width equal to the 100-year SPTH. 

The LWD EBAI values estimated based on the 100-year and the 250-year SPTH are presented in 
Tables B-17 and B-18.  These tables include the estimated values for fish-bearing, non-fish 
perennial, and non-fish seasonal streams. 

Table B-17. Equivalent Buffer Area Index (EBAI) Values for LWD, Estimated for all Streams, 
Fish-bearing Streams, Non-fish Perennial Streams, and Non-fish Seasonal Streams, 
Assuming a 100-year Site Potential Tree Height. 

Alternative All Streams 
Fish-bearing 

Streams 

Non-fish 
Perennial 
Streams 

Non-fish 
Seasonal 
Streams 

Western Washington 
No Action 
Alternative 1-Scenario 2 

0.30 0.60 0.0 0.0 

No Action 
Alternative 1-Scenario 1, 
Alternative 2, Alternative 3 

0.52 0.93 0.51 0.0 

Alternative 4 0.97 1.00 0.98 0.92 

Eastern Washington 
No Action 
Alternative 1-Scenario 2 

0.57 0.67 0.18 0.18 

No Action 
Alternative 1-Scenario 1, 
Alternative 2, Alternative 3 

0.77 0.91 0.43 0.18 

Alternative 4 1.00 1.00 1.00 0.99 
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Table B-18. Equivalent Buffer Area Index (EBAI) Values for LWD, Estimated for all Streams, 
Fish-bearing Streams, Non-fish Perennial Streams, and Non-fish Seasonal Streams, 
Assuming a 250-year Site Potential Tree Height. 

Alternative All Streams 
Fish-bearing 

Streams 

Non-fish 
Perennial 
Streams 

Non-fish 
Seasonal 
Streams 

Western Washington 
No Action 
Alternative 1-Scenario 2 

0.19 0.37 0.0 0.0 

No Action 
Alternative 1-Scenario 1, 
Alternative 2, Alternative 3 

0.50 0.90 0.44 0.0 

Alternative 4 0.96 1.00 0.96 0.86 

Eastern Washington 
No Action 
Alternative 1-Scenario 2 

0.46 0.53 0.18 0.18 

No Action 
Alternative 1-Scenario 1, 
Alternative 2, Alternative 3 

0.69 0.82 0.38 0.18 

Alternative 4 0.99 1.00 0.97 0.93 

6. Equivalent Buffer Area Index (EBAI) Methodology for Sediment 
Most of the riparian function research conducted to date has assessed riparian buffer effectiveness 
where there is no management activity within the buffer zone; in other words, only no-harvest 
buffers have been examined.  Notably, Spence et al. (1996) recommend that activities that disturb 
downed wood and ground cover within the riparian zone should be avoided.  It can be assumed that 
activities within the riparian zone that disturb or compact soils, destroy organic litter, and remove 
large downed wood can reduce the effectiveness of the riparian buffer as a sediment filter by some 
unknown amount.  Because sediment filtration is influenced mostly by ground cover, a buffer with 
management activity may recover its sediment filtration capacity when ground cover becomes 
reestablished.  The recovery period would involve many different site-specific variables, such as soil 
moisture, available light, logging equipment used, and yarding practices.  It is very difficult to assess 
recovery periods on such a large and diverse landscape such as the one considered in this EIS.  
Therefore, while it can be assumed the sediment filtration would be regained after some recovery 
period, for the purpose of this analysis, and for ease of comparison of the alternatives, a “snapshot” 
of the buffer is assumed, taken immediately after harvest, to assess the effects.  Because slope 
gradients within riparian zones are highly variable, the effect of slope gradient on sediment filtration 
is not considered here.  This approach is consistent because the same approach is used for each 
alternative.  Note that because prescribed burns are not common in Washington State, the effects of 
prescribed burns on sediment filtration are not a significant consideration and are not considered 
here. 

To assess the effectiveness of buffer widths and management practices on sediment filtration, a 
numerical ranking system was developed based on previous studies of timber harvest and landscape 
effects.  An Equivalent Buffer Area Index (EBAI) for sediment was devised as a crude assessment 
of risk to streams in relation to management activities.  It is similar in concept to the equivalent road 
area (ERA) analysis of McGurk and Fong (1995) and the non-point source risk assessment of Lull et 
al. (1995).  However, while those studies developed a method to assess sediment contribution from 
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management activities, the EBAI is a relative measure of the protection of streams from fine 
sediment derived from hillslope erosion and road surface erosion.  

It was practical to develop the EBAI because studies in the literature typically evaluate buffer widths 
based on “no harvest,” or retention of mature forest with no disturbance.  Management strategies 
include riparian areas that are divided into zones with different levels of timber harvest and thus are 
not directly comparable to the buffers in the literature.    

The EBAI takes into account management within the buffer zones.  It combines the impacts of 
activities within riparian management zones (RMZ) to compare the effectiveness of the RMZ at 
filtering sediment.  In addition, because the buffer requirements for sediment filtration and LWD 
recruitment may be more restrictive than RMZ requirements for protection of other riparian 
functions (e.g. stream temperature, and detrital inputs (Johnson and Ryba 1992, Spence et. al. 1996), 
the EBAI can also be used to compare relative protection for those parameters as well. 

The capacity of a vegetated buffer to filter sediment has been shown in numerous studies (e.g., 
Wilson 1967; Ermann, et al. 1977; Lynch et al. 1977).  This effect is a result of the vegetation 
intercepting overland flow, slowing it down, and allowing fine sediment to settle out. This effect is 
limited to flow coming from hillslope erosion; channelized flow through existing drainages remains 
unaffected, since there is not sufficient vegetation in most channels to filter out fine sediment.  
Potential sources of fine sediment in overland flow include erosion from hillslope logging activities, 
and road surface erosion that comes from drainage relief culverts (road surface erosion from ditches 
is not included here because it directly enters streams at road crossings).   

As in the ERA, this method uses coefficients assigned to various timber harvest practices based 
partly on the literature and partly on professional judgement. This reflects the relative ranking of 
these silvicultural practices presented in McGurk and Fong (1995). 

The highest coefficient used is 1.0, representing no harvest, which is the highest amount of 
protection to the stream from sediment inputs.  Any activity within the RMZ that removes trees or 
disturbs the soil reduces the coefficient.  The lowest coefficient possible is zero, which is associated 
with building a road in the riparian zone.  Table B-19 shows the coefficients used for each type of 
harvest practice.  These coefficients were modified and simplified from the coefficients presented in 
Washington Forest Practices Board (2001). 

Table B-19. EBAI (sediment input) Coefficients Associated with Various 
Management Activities within RMZs. 

No Harvest 1.0 

Light Selection Harvest (10-30% removal) 0.8 

Mod-Hvy. Selection Harvest (70-90% removal) 0.7 

Clearcut (100% removal) 0.6 

Road (bare soil) 0.0 
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The width of riparian buffers is important for comparison purposes.  Recommended buffer widths 
for sediment filtration vary widely, from 30 feet (Rashin et al. 1999) to over 300 feet (Spence et al. 
1995; Wilson 1967: O’Laughlin and Belt 1994).  To calculate the EBAI, the minimum buffer width 
that is 100% effective at sediment filtration must first be selected.  Because of the range in buffer 
widths for effective sediment filtration, two widths were used in this analysis, and thus two different 
EBAIs were developed.  Thirty feet was chosen to represent the lower end of the buffer widths 
recommended in the literature as required for effective sediment filtration, while 200 feet was 
chosen based on Spence et al. (1996) to represent the upper end. 

The EBAI is calculated by multiplying the management coefficient by the proportion of the buffer 
width over which it is applied.  Where multiple activities occur in the RMZ, the products of the 
coefficient and width proportions for each activity are summed.  

Ultimately, the index incorporates effects to all waters, regardless of type, into a single number for 
each.  This is done by multiplying the sum of the coefficients by the stream miles in each water type.  
The results for each water type are then totaled.  The results are expressed in terms of percent 
effectiveness so that disturbance levels can be compared among all alternatives.   

For example, if the 200-foot no-cut buffer is assumed to be required for 100 percent effectiveness, 
and a stream has a 75-foot no-cut buffer and the area outside of the buffer is clearcut, the Sediment 
EBAI would be ( 75 x 1.0 + 125 x 0.6 ) / 200.  Thus, the Sediment EBAI would be 0.75.  

The sediment EBAI values, estimated assuming 100 percent protection is provided by a 30-foot and 
200-foot no-harvest buffer width, are presented in Tables B-20 and B-21.  These tables include the 
estimated values for fish-bearing, non-fish perennial, and non-fish seasonal streams. 

Table B-20. Equivalent Buffer Area Index (EBAI) Values for Sediment, Estimated for all Streams, 
Fish-bearing Streams, Non-fish Perennial Streams, and Non-fish Seasonal Streams, 
Assuming 100 Percent Protection is Provided by a 30-foot No-harvest Buffer. 

Alternative All Streams 
Fish-bearing 

Streams 

Non-fish 
Perennial 
Streams 

Non-fish 
Seasonal 
Streams 

Western Washington 
No Action 
Alternative 1-Scenario 2 

0.78 0.96 0.60 0.60 

No Action 
Alternative 1-Scenario 1, 
Alternative 2, Alternative 3 

0.91 1.00 0.92 0.80 

Alternative 4 1.00 1.00 1.00 1.00 

Eastern Washington 
No Action 
Alternative 1-Scenario 2 

0.86 0.91 0.66 0.66 

No Action 
Alternative 1-Scenario 1, 
Alternative 2, Alternative 3 

0.96 1.00 0.86 0.80 

Alternative 4 1.00 1.00 1.00 1.00 
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Table B-21. Equivalent Buffer Area Index (EBAI) Values for Sediment, Estimated for all Streams, 
Fish-bearing Streams, Non-fish Perennial Stream,s and Non-fish Seasonal Streams, 
Assuming 100 Percent Protection is Provided by a 200-foot No-harvest Buffer. 

Alternative All Streams 
Fish-bearing 

Streams 

Non-fish 
Perennial 
Streams 

Non-fish 
Seasonal 
Streams 

Western Washington 
No Action 
Alternative 1-Scenario 2 

0.65 0.71 0.60 0.60 

No Action 
Alternative 1-Scenario 1, 
Alternative 2, Alternative 3 

0.73 0.81 0.68 0.63 

Alternative 4 0.94 1.00 0.91 0.79 

Eastern Washington 
No Action 
Alternative 1-Scenario 2 

0.67 0.67 0.66 0.66 

No Action 
Alternative 1-Scenario 1, 
Alternative 2, Alternative 3 

0.72 0.73 0.70 0.68 

Alternative 4 0.98 1.00 0.92 0.82 
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PART I 
SUMMARY 

 
BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF WASHINGTON: 
 
     {+ NEW SECTION. +}  Sec. 101.  A new section is added to chapter 75.46 RCW and codified with the 
subchapter heading of "salmon recovery planning in areas involving forest practices" to read as follows: 
     (1) The legislature finds that the forests and fish report as defined in RCW 76.09.020 was developed 
through extensive negotiations with the federal agencies responsible for administering the endangered 
species act and the clean water act.  The legislature further finds that the forestry industry, small 
landowners, tribal governments, state and federal agencies, and counties have worked diligently for nearly 
two years to reach agreement on scientifically based changes to the forest practices rules, set forth in the 
forests and fish report as defined in RCW 76.09.020.  The legislature further finds that if existing forest 
practices rules are amended as proposed in the forests and fish report as defined in RCW 76.09.020, the 
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resulting changes in forest practices (a) will lead to:  (i) Salmon habitat that meets riparian functions vital to 
the long-term recovery of salmon on more than sixty thousand miles of streams in this state; (ii) 
identification of forest roads contributing to habitat degradation and corrective action to remedy those 
problems to protect salmon habitat; (iii) increased protection of steep and unstable slopes; and (iv) the 
implementation of scientifically based adaptive management and monitoring processes for evaluating the 
impacts of forest practices on aquatic resources, as defined in RCW 76.09.020, and a process for amending 
the forest practices rules to incorporate new information as it becomes available; (b) will lead to the 
protection of aquatic resources to the maximum extent practicable consistent with maintaining commercial 
forest management as an economically viable use of lands suitable for that purpose; and (c) will provide a 
regulatory climate and structure more likely to keep landowners from converting forest lands to other uses 
that would be less desirable for salmon recovery. 
     (2) The legislature further finds that the changes in laws and rules contemplated by chapter . . ., Laws of 
1999 1st sp. sess. (this act), taken as a whole, constitute a comprehensive and coordinated program to 
provide substantial and sufficient contributions to salmon recovery and water quality enhancement in areas 
impacted by forest practices and are intended to fully satisfy the requirements of the endangered species act 
(16 U.S.C. Sec. 1531 et seq.) with respect to incidental take of salmon and other aquatic resources and the 
clean water act (33 U.S.C. Sec. 1251 et seq.) with respect to nonpoint source pollution attributable to forest 
practices. 
     (3) The legislature finds that coordination is needed between the laws relating to forestry in chapter 
76.09 RCW and the state salmon recovery strategy being developed under this chapter.  The coordination 
should ensure that nonfederal forest lands are managed in ways that make appropriate contributions to the 
recovery of salmonid fish, water quality, and related environmental amenities while encouraging continued 
investments in those lands for commercial forestry purposes.  Specifically, the legislature finds that forest 
practices rules relating to water quality, salmon, certain other species of fish, certain species of stream-
associated amphibians, and their respective habitats should be coordinated with the rules and policies 
relating to other land uses through the state-wide salmon recovery planning process.  The legislature further 
finds that this subchapter is but one part of a comprehensive salmon strategy as required in this chapter, and 
this investment in salmon habitat will be of little value if a comprehensive state plan is not completed and 
fully implemented. 
     (4) The legislature recognizes that the adoption of forest practices rules consistent with the forests and 
fish report as defined in RCW 76.09.020 will impose substantial financial burdens on forest landowners 
which, if not partially offset through other changes in the laws and rules governing forestry, could lead to 
significantly reduced silvicultural investments on nonfederal lands, deterioration in the quality, condition, 
and amounts of forests on those lands, and long-term adverse effects on fish and wildlife habitat and other 
environmental amenities associated with well managed forests.  Moreover, as the benefits of the proposed 
revisions to the forest practices rules will benefit the general public, chapter . . ., Laws of 1999 1st sp. sess. 
(this act) suggests that some of these costs be shared with the general public. 
     (5) As an integral part of implementing the salmon recovery strategy, chapter . . ., Laws of 1999 1st sp. 
sess. (this act) (a) provides direction to the forest practices board, the department of natural resources, and 
the department of ecology with respect to the adoption, implementation, and enforcement of rules relating 
to forest practices and the protection of aquatic resources; (b) provides additional enforcement tools to the 
department of natural resources to enforce the forest practices rules; (c) anticipates the need for adequate 
and consistent funding for the various programmatic elements necessary to fully implement the strategy 
over time and derive the long-term benefits; (d) provides for the acquisition by the state of forest lands 
within certain stream channel migration zones where timber harvest will not be allowed; (e) provides for 
small landowners to have costs shared for a portion of any extraordinary economic losses attributable to the 
revisions to the forest practices rules required by chapter . . ., Laws of 1999 1st sp. sess. (this act); and (f) 
amends other existing laws to aid in the implementation of the recommendations set forth in the forests and 
fish report as defined in RCW 76.09.020. 
 

PART II 
RULE MAKING 

 
     {+ NEW SECTION. +}  Sec. 201.  A new section is added to chapter 76.09 RCW to read as follows: 
     (1) The legislature finds that the declines of fish stocks throughout much of the state requires immediate 
action to be taken to help restore these fish runs where possible.  The legislature also recognizes that federal 
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and state agencies, tribes, county representatives, and private timberland owners have spent considerable 
effort and time to develop the forests and fish report.  Given the agreement of the parties, the legislature 
believes that the immediate adoption of emergency rules is appropriate in this particular instance.  These 
rules can implement many provisions of the forests and fish report to protect the economic well-being of 
the state, and to minimize the risk to the state and landowners to legal challenges.  This authority is not 
designed to set any precedents for the forest practices board in future rule making or set any precedents for 
other rule-making bodies of the state. 
     (2) The forest practices board is authorized to adopt emergency rules amending the forest practices rules 
with respect to the protection of aquatic resources, in accordance with RCW 34.05.350, except:  (a) That 
the rules adopted under this section may remain in effect until permanent rules are adopted, or until June 
30, 2001, whichever is sooner; (b) notice of the proposed rules must be published in the Washington State 
Register as provided in RCW 34.05.320; (c) at least one public hearing must be conducted with an 
opportunity to provide oral and written comments; and (d) a rule-making file must be maintained as 
required by RCW 34.05.370.  In adopting the emergency rules, the board is not required to prepare a small 
business economic impact statement under chapter 19.85 RCW, prepare a statement indicating whether the 
rules constitute a significant legislative rule under RCW 34.05.328, prepare a significant legislative rule 
analysis under RCW 34.05.328, or follow the procedural requirements of the state environmental policy 
act, chapter 43.21C RCW.  The forest practices board may only adopt recommendations contained in the 
forests and fish report as emergency rules under this section. 
 
     {+ NEW SECTION. +}  Sec. 202.  A new section is added to chapter 34.05 RCW to read as follows: 
     Emergency rules adopted by the forest practices board pertaining to forest practices and the protection 
of aquatic resources are subject to this chapter to the extent provided in section 201 of this act. 
 
    {+ NEW SECTION. +}  Sec. 203.  A new section is added to chapter 43.21C RCW to read as follows: 
     The duration and process for adopting emergency rules by the forest practices board pertaining to forest 
practices and the protection of aquatic resources as provided in section 201 of this act are exempt from the 
procedural requirements of this chapter. 
 
     {+ NEW SECTION. +}  Sec. 204.  A new section is added to chapter 76.09 RCW to read as follows: 
     (1) The legislature finds that the process that produced the forests and fish report was instigated by the 
forest practices board, the report is the product of considerable negotiations between several diverse interest 
groups, and the report has the support of key federal agencies.  When adopting permanent rules under this 
section, the forest practices board is strongly encouraged to follow the recommendations of the forests and 
fish report, but may include other alternatives for protection of aquatic resources.  If the forest practices 
board chooses to adopt rules under this section that are not consistent with the recommendations contained 
in the forests and fish report, the board must notify the appropriate legislative committees of the proposed 
deviations, the reasons for the proposed deviations, and whether the parties to the forests and fish report 
still support the agreement.  The board shall defer final adoption of such rules for sixty days of the 
legislative session to allow for the opportunity for additional public involvement and legislative oversight. 
     (2) The forest practices board shall follow the regular rules adoption process contained in the 
administrative procedure act, chapter 34.05 RCW, when adopting permanent rules pertaining to forest 
practices and the protection of aquatic resources except as limited by subsection (1) of this section.  The 
permanent rules must accomplish the policies stated in RCW 76.09.010 without jeopardizing the economic 
viability of the forest products industry. 
     (3) The rules adopted under this section should be as specific as reasonably possible while also allowing 
an applicant to propose alternate plans in response to site-specific physical features.  Alternate plans should 
provide protection to public resources at least equal in overall effectiveness by alternate means. 
     (4) Rule making under subsection (2) of this section shall be completed by June 30, 2001. 
     (5) The board should consider coordinating any environmental review process under chapter 43.21C 
RCW relating to the adoption of rules under subsection (2) of this section with any review of a related 
proposal under the national environmental policy act (42 U.S.C. Sec. 4321, et seq.). 
     (6) After the board has adopted permanent rules under subsection (2) of this section, changes to those 
rules and any new rules covering aquatic resources may be adopted by the board but only if the changes or 
new rules are consistent with recommendations resulting from the scientifically based adaptive 
management process established by a rule of the board.  Any new rules or changes under this subsection 
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need not be based upon the recommendations of the adaptive management process if:  (a) The board is 
required to adopt or modify rules by the final order of any court having jurisdiction thereof; or (b) future 
state legislation directs the board to adopt or modify the rules. 
     (7) In adopting permanent rules, the board shall incorporate the scientific-based adaptive management 
process described in the forests and fish report which will be used to determine the effectiveness of the new 
forest practices rules in aiding the state's salmon recovery effort.  The purpose of an adaptive management 
process is to make adjustments as quickly as possible to forest practices that are not achieving the resource 
objectives.  The adaptive management process shall incorporate the best available science and information, 
include protocols and standards, regular monitoring, a scientific and peer review process, and provide 
recommendations to the board on proposed changes to forest practices rules to meet timber industry 
viability and salmon recovery. 
 
     {+ NEW SECTION. +}  Sec. 205.  A new section is added to chapter 76.09 RCW to read as follows: 
     Prior to the adoption of permanent rules as required by chapter . . ., Laws of 1999 1st sp. sess. (this act) 
and no later than January 1, 2000, the board shall report to the appropriate legislative committees regarding 
the substance of emergency rules that have been adopted under chapter . . ., Laws of 1999 1st sp. sess. (this 
act).  In addition, the report shall include information on changes made to the forests and fish report after 
April 29, 1999, and an update on the status of the adoption of permanent rules, including the anticipated 
substance of the rules and the anticipated date of final adoption.  The board shall additionally provide a 
report to the appropriate legislative committees by January 1, 2001. 
     On January 1, 2006, the board shall provide a summary to the appropriate legislative committees 
regarding modifications made to the forests and fish report made after January 1, 2000, and to the 
permanent rules according to the adaptive management process as set forth in the forests and fish report. 
 

PART III 
DEFINITIONS 

 
     Sec. 301.  RCW 76.09.020 and 1974 ex.s. c 137 s 2 are each amended to read as follows: 
     For purposes of this chapter: 
     (1) {+ "Adaptive management" means reliance on scientific methods to test the results of actions taken 
so that the management and related policy can be changed promptly and appropriately. 
     (2) +} "Appeals board" (({- shall -})) mean{+ s +} the forest practices appeals board created by RCW 
76.09.210. 
     (({- (2) -})) {+ (3) "Aquatic resources" includes water quality, salmon, other species of the vertebrate 
classes Cephalaspidomorphi and Osteichthyes identified in the forests and fish report, the Columbia torrent 
salamander (Rhyacotriton kezeri), the Cascade torrent salamander (Rhyacotriton cascadae), the Olympic 
torrent salamander (Rhyacotriton olympian), the Dunn's salamander (Plethodon dunni), the Van Dyke's 
salamander (Plethodon vandyke), the tailed frog (Ascaphus truei), and their respective habitats. 
     (4) +} "Commissioner" (({- shall -})) mean{+ s +} the commissioner of public lands. 
     (({- (3) -})) {+ (5) +} "Contiguous" (({- shall -})) mean{+ s +} land adjoining or touching by common 
corner or otherwise.  Land having common ownership divided by a road or other right of way shall be 
considered contiguous. 
     (({- (4) -})) {+ (6) +} "Conversion to a use other than commercial timber operation" (({- shall -})) 
mean{+ s +} a bona fide conversion to an active use which is incompatible with timber growing and as 
may be defined by forest practices (({- regulations -})) {+ rules +}. 
     (({- (5) -})) {+ (7) +} "Department" (({- shall -})) mean {+ s +} the department of natural resources. 
     (({- (6) -})) {+ (8) +} "Forest land" (({- shall -})) mean {+ s +} all land which is capable of supporting a 
merchantable stand of timber and is not being actively used for a use which is incompatible with timber 
growing. 
     (({- (7) -})) {+ (9) +} "Forest landowner" (({- shall -})) mean{+ s +} any person in actual control of 
forest land, whether such control is based either on legal or equitable title, or on any other interest entitling 
the holder to sell or otherwise dispose of any or all of the timber on such land in any manner:  PROVIDED, 
That any lessee or other person in possession of forest land without legal or equitable title to such land shall 
be excluded from the definition of "forest landowner" unless such lessee or other person has the right to sell 
or otherwise dispose of any or all of the timber located on such forest land. 
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     (({- (8) -})) {+ (10) +} "Forest practice" (({- shall -})) mean{+ s +} any activity conducted on or 
directly pertaining to forest land and relating to growing, harvesting, or processing timber, including but 
not limited to: 
     (a) Road and trail construction; 
     (b) Harvesting, final and intermediate; 
     (c) Precommercial thinning; 
     (d) Reforestation; 
     (e) Fertilization; 
     (f) Prevention and suppression of diseases and insects; 
     (g) Salvage of trees; and 
     (h) Brush control. 
"Forest practice" shall not include preparatory work such as tree marking, surveying and road flagging, and 
removal or harvesting of incidental vegetation from forest lands such as berries, ferns, greenery, mistletoe, 
herbs, mushrooms, and other products which cannot normally be expected to result in damage to forest 
soils, timber, or public resources. 
     (({- (9) -})) {+ (11) +} "Forest practices (({- regulations" shall -})) {+ rules" +} mean{+ s +} any rules 
(({- promulgated -})) {+ adopted +} pursuant to RCW 76.09.040. 
     (({- (10) -})) {+ (12) "Forests and fish report" means the forests and fish report to the board dated April 
29, 1999. 
     (13) +} "Application" (({- shall -})) mean{+ s +} the application required pursuant to RCW 76.09.050. 
     (({- (11) -})) {+ (14) +} "Operator" (({- shall -})) mean{+ s +} any person engaging in forest practices 
except an employee with wages as his {+ or her +} sole compensation. 
     (({- (12) -})) {+ (15) +} "Person" (({- shall -})) mean{+ s +} any individual, partnership, private, public, 
or municipal corporation, county, the department or other state or local governmental entity, or association 
of individuals of whatever nature. 
     (({- (13) -})) {+ (16) +} "Public resources" (({- shall -})) mean{+ s +} water, fish and wildlife, and in 
addition shall mean capital improvements of the state or its political subdivisions. 
     (({- (14) -})) {+ (17) +} "Timber" (({- shall -})) mean{+ s +} forest trees, standing or down, of a 
commercial species, including Christmas trees. 
     (({- (15) -})) {+ (18) +} "Timber owner" (({- shall -})) mean{+ s +} any person having all or any part of 
the legal interest in timber.  Where such timber is subject to a contract of sale, "timber owner" shall mean 
the contract purchaser. 
     (({- (16) -})) {+ (19) +} "Board" (({- shall -})) mean{+ s +} the forest practices board created in RCW 
76.09.030. 
     {+ (20) "Unconfined avulsing channel migration zone" means the area within which the active channel 
of an unconfined avulsing stream is prone to move and where the movement would result in a potential 
near-term loss of riparian forest adjacent to the stream.  Sizeable islands with productive timber may exist 
within the zone. 
     (21) "Unconfined avulsing stream" means generally fifth order or larger waters that experience abrupt 
shifts in channel location, creating a complex flood plain characterized by extensive gravel bars, 
disturbance species of vegetation of variable age, numerous side channels, wall-based channels, oxbow 
lakes, and wetland complexes.  Many of these streams have dikes and levees that may temporarily or 
permanently restrict channel movement. +} 
 

PART IV 
TIMBER EXCISE TAX CREDIT 

 
     {+ NEW SECTION. +}  Sec. 401.  A new section is added to chapter 84.33 RCW to read as follows: 
     (1) A taxpayer is allowed a credit against the tax imposed under RCW 84.33.041 for timber harvested 
under a forest practices notification filed or application approved under RCW 76.09.050 and subject to 
enhanced aquatic resources requirements. 
     (2)(a) For a person other than a small harvester who elects to calculate tax under RCW 84.33.074, the 
credit is equal to the stumpage value of timber harvested for sale or for commercial or industrial use 
multiplied by eight-tenths of one percent. 
     (b) For a small harvester who elects to calculate tax under RCW 84.33.074, the credit is equal to sixteen 
percent of the tax imposed under this chapter. 
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     (c) The amount of credit claimed by a taxpayer under this section shall be reduced by the amount of any 
compensation received from the federal government for reduced timber harvest due to enhanced aquatic 
resource requirements.  If the amount of compensation from the federal government exceeds the amount of 
credit available to a taxpayer in any reporting period, the excess shall be carried forward and applied 
against credits in future reporting periods.  This subsection does not apply to small harvesters as defined in 
RCW 84.33.073. 
     (d) Refunds may not be given in place of credits.  Credit may not be claimed in excess of tax owed.  The 
department of revenue shall disallow any credits, used or unused, upon written notification from the 
department of natural resources of a final decision that timber for which credit was claimed was not 
harvested under a forest practices notification filed or application approved under RCW 76.09.050 and 
subject to enhanced aquatic resources requirements. 
     (3) As used in this section, a forest practice notification or application is subject to enhanced aquatic 
resource requirements if it includes, in whole or in part, riparian area, wetland, or steep or unstable slope 
from which the operator is limited, by rule adopted under sections 201 through 204 of this act, or any 
federally approved habitat conservation plan or department of natural resources approved watershed 
analysis, from harvesting timber, or if a road is included within or adjacent to the area covered by such 
notification or application and the road is covered by a road maintenance plan approved by the department 
of natural resources under rules adopted under chapter 76.09 RCW, the forest practices act, or a federally 
approved habitat conservation plan. 
     (4) For forest practices notification or applications submitted after January 1, 2000, the department of 
natural resources shall indicate whether the notification or application is subject to enhanced aquatic 
resource requirements and, unless notified of a contrary determination by the forest practices appeals board, 
the department of revenue shall use such indication in determining the credit to be allowed against the tax 
assessed under RCW 84.33.041.  The department of natural resources shall develop revisions to the form of 
the forest practices notifications and applications to provide a space for the applicant to indicate and the 
department of natural resources to confirm or not confirm, whether the notification or application is subject 
to enhanced aquatic resource requirements.  For forest practices notifications or applications submitted 
before January 1, 2000, the applicant may submit the approved notification or application to the department 
of natural resources for confirmation that the notification or application is subject to enhanced aquatic 
resource requirements.  Upon any such submission, the department of natural resources will within thirty 
days confirm or deny that the notification or application is subject to enhanced aquatic resource 
requirements and will forward separate evidence of each confirmation to the department of revenue.  
Unless notified of a contrary ruling by the forest practices appeals board, the department of revenue shall 
use the separate confirmations in determining the credit to be allowed against the tax assessed under 
RCW 84.33.041. 
     (5) A refusal by the department of natural resources to confirm that a notification or application is 
subject to enhanced aquatic resources requirements may be appealed to the forest practices appeals board 
under RCW 76.09.220. 
     (6) A person receiving approval of credit must keep records necessary for the department of revenue to 
verify eligibility under this section. 
 
     {+ NEW SECTION. +}  Sec. 402.  The department of revenue and the department of natural resources 
shall conduct a joint study of the tax credits under section 401 of this act.  The study shall examine the 
relationship between the amount of tax credit received by each taxpayer and the extent that the taxpayer's 
timber harvests have been limited as a result of complying with enhanced aquatic resource requirements.  
The departments shall submit the study to the legislature by November 1, 2002. 
 

PART V 
SMALL FOREST LANDOWNERS 

 
     {+ NEW SECTION. +}  Sec. 501.  A new section is added to chapter 76.13 RCW to read as follows: 
     (1) The legislature finds that increasing regulatory requirements continue to diminish the economic 
viability of small forest landowners.  The concerns set forth in section 101 of this act about the importance 
of sustaining forestry as a viable land use are particularly applicable to small landowners because of the 
location of their holdings, the expected complexity of the regulatory requirements, and the need for 
significant technical expertise not readily available to small landowners.  The further reduction in 
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harvestable timber owned by small forest landowners as a result of the rules to be adopted under section 
201 of this act will further erode small landowners' economic viability and willingness or ability to keep the 
lands in forestry use and, therefore, reduce the amount of habitat available for salmon recovery and 
conservation of other aquatic resources, as defined in RCW 76.09.020. 
     (2) The legislature finds that the concerns identified in subsection (1) of this section should be addressed 
by establishing within the department of natural resources a small forest landowner office that shall be a 
resource and focal point for small forest landowner concerns and policies.  The legislature further finds that 
a forestry riparian easement program shall be established to acquire easements from small landowners 
along riparian and other areas of value to the state for protection of aquatic resources.  The legislature 
further finds that small forest landowners should have the option of alternate management plans or alternate 
harvest restrictions on smaller harvest units that may have a relatively low impact on aquatic resources.  
The small forest landowner office should be responsible for assisting small landowners in the development 
and implementation of these plans or restrictions. 
 
     Sec. 502.  RCW 76.13.010 and 1991 c 27 s 3 are each amended to read as follows: 
     Unless the context clearly requires otherwise, the definitions in this section apply (({- throughout this 
chapter -})) {+ to RCW 76.13.005, 76.13.007, 76.13.020, and 76.13.030 +}. 
     (1) "Department" means the department of natural resources. 
     (2) "Landowner" means an individual, partnership, private, public or municipal corporation, Indian tribe, 
state agency, county, or local government entity, educational institution, or association of individuals of 
whatever nature that own nonindustrial forests and woodlands. 
     (3) "Nonindustrial forests and woodlands" are those suburban acreages and rural lands supporting or 
capable of supporting trees and other flora and fauna associated with a forest ecosystem, comprised of total 
individual land ownerships of less than five thousand acres and not directly associated with wood 
processing or handling facilities. 
     (4) "Stewardship" means managing by caring for, promoting, protecting, renewing, or reestablishing or 
both, forests and associated resources for the benefit of the landowner, the natural resources and the 
citizens of Washington state, in accordance with each landowner's objectives, best management practices, 
and legal requirements. 
     (5) "Cooperating organization" means federal, state, and local agencies, colleges and universities, 
landowner assistance organizations, consultants, forest resource-related industries, and environmental 
organizations which promote and maintain programs designed to provide information and technical 
assistance services to nonindustrial forest and woodland owners. 
 
     {+ NEW SECTION. +}  Sec. 503.  A new section is added to chapter 76.13 RCW to read as follows: 
     (1) The department of natural resources shall establish and maintain a small forest landowner office.  
The small forest landowner office shall be a resource and focal point for small forest landowner concerns 
and policies, and shall have significant expertise regarding the management of small forest holdings, 
governmental programs applicable to such holdings, and the forestry riparian easement program. 
     (2) The small forest landowner office shall administer the provisions of the forestry riparian easement 
program created under section 504 of this act.  With respect to that program, the office shall have the 
authority to contract with private consultants that the office finds qualified to perform timber cruises of 
forestry riparian easements. 
     (3) The small forest landowner office shall assist in the development of small landowner options 
through alternate management plans or alternate harvest restrictions appropriate to small landowners.  The 
small forest landowner office shall develop criteria to be adopted by the forest practices board in a manual 
for alternate management plans or alternate harvest restrictions.  These alternate plans or alternate harvest 
restrictions shall meet riparian functions while requiring less costly regulatory prescriptions.  At the 
landowner's option, alternate plans or alternate harvest restrictions may be used to further meet riparian 
functions. 
     The small landowner office shall evaluate the cumulative impact of such alternate management plans or 
alternate harvest restrictions on essential riparian functions at the subbasin or watershed level.  The small 
forest landowner office shall adjust future alternate management plans or alternate harvest restrictions in a 
manner that will minimize the negative impacts on essential riparian functions within a subbasin 
or watershed. 
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     (4) An advisory committee is established to assist the small forest landowner office in developing policy 
and recommending rules to the forest practices board.  The advisory committee shall consist of seven 
members, including a representative from the department of ecology, the department of fish and wildlife, 
and a tribal representative.  Four additional committee members shall be small forest landowners who shall 
be appointed by the commissioner of public lands from a list of candidates submitted by the board of 
directors of the Washington farm forestry association or its successor organization.  The association shall 
submit more than one candidate for each position.  Appointees shall serve for a term of four years.  The 
small forest landowner office shall review draft rules or rule concepts with the committee prior to 
recommending such rules to the forest practices board.  The office shall reimburse nongovernmental 
committee members for reasonable expenses associated with attending committee meetings as provided in 
RCW 43.03.050 and 43.03.060. 
     (5) By December 1, 2000, the small forest landowner office shall provide a report to the board and the 
legislature containing: 
     (a) Estimates of the amounts of nonindustrial forests and woodlands in holdings of twenty acres or less, 
twenty-one to one hundred acres, one hundred to one thousand acres, and one thousand to five thousand 
acres, in western Washington and eastern Washington, and the number of persons having total 
nonindustrial forest and woodland holdings in those size ranges; 
     (b) Estimates of the number of parcels of nonindustrial forests and woodlands held in contiguous 
ownerships of twenty acres or less, and the percentages of those parcels containing improvements used:  (i) 
As primary residences for half or more of most years; (ii) as vacation homes or other temporary residences 
for less than half of most years; and (iii) for other uses; 
     (c) The watershed administrative units in which significant portions of the riparian areas or total land 
area are nonindustrial forests and woodlands; 
     (d) Estimates of the number of forest practices applications and notifications filed per year for forest 
road construction, silvicultural activities to enhance timber growth, timber harvest not associated with 
conversion to nonforest land uses, with estimates of the number of acres of nonindustrial forests and 
woodlands on which forest practices are conducted under those applications and notifications; and 
     (e) Recommendations on ways the board and the legislature could provide more effective incentives to 
encourage continued management of nonindustrial forests and woodlands for forestry uses in ways that 
better protect salmon, other fish and wildlife, water quality, and other environmental values. 
     (6) By December 1, 2002, and every four years thereafter, the small forest landowner office shall 
provide to the board and the legislature an update of the report described in subsection (5) of this section, 
containing more recent information and describing: 
     (a) Trends in the items estimated under subsection (5)(a) through (d) of this section; 
     (b) Whether, how, and to what extent the forest practices act and rules contributed to those trends; and 
     (c) Whether, how, and to what extent:  (i) The board and legislature implemented recommendations 
made in the previous report; and (ii) implementation of or failure to implement those recommendations 
affected those trends. 
 
     {+ NEW SECTION. +}  Sec. 504.  A new section is added to chapter 76.13 RCW to read as follows: 
     (1) The legislature finds that the state should acquire easements along riparian and other sensitive 
aquatic areas from small forest landowners willing to sell or donate such easements to the state provided 
that the state will not be required to acquire such easements if they are subject to unacceptable liabilities.  
The legislature therefore establishes a forestry riparian easement program. 
     (2) The definitions in this subsection apply throughout this section and sections 501 and 503 of this act 
unless the context clearly requires otherwise. 
     (a) "Forestry riparian easement" means an easement covering qualifying timber granted voluntarily to 
the state by a small forest landowner. 
     (b) "Qualifying timber" means those trees covered by a forest practices application that the small forest 
landowner is required to leave unharvested under the rules adopted under sections 201 and 204 of this act 
or that is made uneconomic to harvest by those rules, and for which the small landowner is willing to grant 
the state a forestry riparian easement.  "Qualifying timber" is timber within or bordering a commercially 
reasonable harvest unit as determined under rules adopted by the forest practices board. 
     (c) "Small forest landowner" means a landowner meeting all of the following characteristics:  (i) A 
forest landowner as defined in RCW 76.09.020 whose interest in the land and timber is in fee or who has 
rights to the timber to be included in the forestry riparian easement that extend at least fifty years from the 
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date the forest practices application associated with the easement is submitted; (ii) an entity that has 
harvested from its own lands in this state during the three years prior to the year of application an average 
timber volume that would qualify the owner as a small timber harvester under RCW 84.33.073(1); and (iii) 
an entity that certifies at the time of application that it does not expect to harvest from its own lands more 
than the volume allowed by RCW 84.33.073(1) during the ten years following application.  If a landowner's 
prior three-year average harvest exceeds the limit of RCW 84.33.073(1), or the landowner expects to 
exceed this limit during the ten years following application, and that landowner establishes to the 
department of natural resources' reasonable satisfaction that the harvest limits were or will be exceeded to 
raise funds to pay estate taxes or equally compelling and unexpected obligations such as court-ordered 
judgments or extraordinary medical expenses, the landowner shall be deemed to be a small forest 
landowner. 
     For purposes of determining whether a person qualifies as a small forest landowner, the small forest 
landowner office, created in section 503 of this act, shall evaluate the landowner under this definition as of 
the date that the forest practices application is submitted with which the forestry riparian easement is 
associated.  A small forest landowner can include an individual, partnership, corporate, or other 
nongovernmental legal entity.  If a landowner grants timber rights to another entity for less than five years, 
the landowner may still qualify as a small forest landowner under this section. 
     (d) "Completion of harvest" means that the trees have been harvested from an area and that further entry 
into that area by mechanized logging or slash treating equipment is not expected. 
     (3) The department of natural resources is authorized and directed to accept and hold in the name of the 
state of Washington forestry riparian easements granted by small forest landowners covering qualifying 
timber and to pay compensation to such landowners in accordance with subsections (6) and (7) of this 
section.  The department of natural resources may not transfer the easements to any entity other than 
another state agency. 
     (4) Forestry riparian easements shall be effective for fifty years from the date the forest practices 
application associated with the qualifying timber is submitted to the department of natural resources, unless 
the easement is terminated earlier by the department of natural resources voluntarily, based on a 
determination that termination is in the best interest of the state, or under the terms of a termination 
clause in the easement. 
     (5) Forestry riparian easements shall be restrictive only, and shall preserve all lawful uses of the 
easement premises by the landowner that are consistent with the terms of the easement and the requirement 
to protect riparian functions during the term of the easement, subject to the restriction that the leave trees 
required by the rules to be left on the easement premises may not be cut during the term of the easement.  
No right of public access to or across, or any public use of the easement premises is created by this statute 
or by the easement.  Forestry riparian easements shall not be deemed to trigger the compensating tax of or 
otherwise disqualify land from being taxed under chapter 84.33 or 84.34 RCW. 
     (6) Upon application of a small forest landowner for a riparian easement that is associated with a forest 
practices application and the landowner's marking of the qualifying timber on the qualifying lands, the 
small forest landowner office shall determine the compensation to be offered to the small landowner as 
provided for in this section.  The legislature recognizes that there is not readily available market 
transaction evidence of value for easements of this nature, and thus establishes the following methodology 
to ascertain the value for forestry riparian easements.  Values so determined shall not be considered 
competent evidence of value for any other purpose. 
     The small forest landowner office shall establish the volume of the qualifying timber.  Based on that 
volume and using data obtained or maintained by the department of revenue under RCW 84.33.074 and 
84.33.091, the small forest landowner office shall attempt to determine the fair market value of the 
qualifying timber as of the date the forest practices application associated with the qualifying timber was 
submitted.  If, under the forest practices rules adopted under chapter. . ., Laws of 1999 1st sp. sess. (this 
act), some qualifying timber may be removed prior to the expiration of the fifty-year term of the easement, 
the small forest landowner office shall apply a reduced compensation factor to ascertain the value of those 
trees based on the proportional economic value, considering income and growth, lost to the landowner. 
     (7) Except as provided in subsection (8) of this section, the small forest landowner office shall, subject 
to available funding, offer compensation to the small forest landowner in the amount of fifty percent of the 
value determined in subsection (6) of this section.  If the landowner accepts the offer, the department of 
natural resources shall pay the compensation promptly upon (a) completion of harvest in the area covered 
by the forestry riparian easement; (b) verification that there has been compliance with the rules requiring 
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leave trees in the easement area; and (c) execution and delivery of the easement to the department of 
natural resources.  Upon donation or payment of compensation, the department of natural resources may 
record the easement. 
     (8) For approved forest practice applications where the regulatory impact is greater than the average 
percentage impact for all small landowners as determined by the department of natural resources analysis 
under the regulatory fairness act, chapter 19.85 RCW, the compensation offered will be increased to one 
hundred percent for that portion of the regulatory impact that is in excess of the average.  Regulatory 
impact includes trees left in buffers, special management zones, and those rendered uneconomic to harvest 
by these rules.  A separate average or high impact regulatory threshold shall be established for western and 
eastern Washington.  Criteria for these measurements and payments shall be established by the small forest 
landowner office. 
     (9) The forest practices board shall adopt rules under the administrative procedure act, chapter 34.05 
RCW, to implement the forestry riparian easement program, including the following: 
     (a) A standard version or versions of all documents necessary or advisable to create the forestry riparian 
easements as provided for in this section; 
     (b) Standards for descriptions of the easement premises with a degree of precision that is reasonable in 
relation to the values involved; 
     (c) Methods and standards for cruises and valuation of forestry riparian easements for purposes of 
establishing the compensation.  The department of natural resources shall perform the timber cruises of 
forestry riparian easements required under this chapter and chapter 76.09 RCW.  Any rules concerning the 
methods and standards for valuations of forestry riparian easements shall apply only to the department of 
natural resources, small forest landowners, and the small forest landowner office; 
     (d) A method to determine that a forest practice application involves a commercially reasonable harvest; 
     (e) A method to address blowdown of qualified timber falling outside the easement premises; 
     (f) A formula for sharing of proceeds in relation to the acquisition of qualified timber covered by an 
easement through the exercise or threats of eminent domain by a federal or state agency with eminent 
domain authority, based on the present value of the department of natural resources' and the landowner's 
relative interests in the qualified timber; 
     (g) High impact regulatory thresholds; 
     (h) A method to determine timber that is qualifying timber because it is rendered uneconomic to harvest 
by the rules adopted under sections 201 and 204 of this act; and 
     (i) A method for internal department of natural resources review of small landowner office 
compensation decisions under subsection (7) of this section. 
 
     {+ NEW SECTION. +}  Sec. 505.  A new section is added to chapter 76.13 RCW to read as follows: 
     On parcels of twenty contiguous acres or less, landowners with a total parcel ownership of less than 
eighty acres shall not be required to leave riparian buffers adjacent to streams according to forest practices 
rules adopted under the forests and fish report as defined in RCW 76.09.020.  These landowners shall be 
subject to the permanent forest practices rules in effect as of January 1, 1999, but may additionally be 
required to leave timber adjacent to streams that is equivalent to no greater than fifteen percent of a volume 
of timber contained in a stand of well managed fifty-year old commercial timber covering the harvest area.  
The additional fifteen percent leave tree level shall be computed as a rotating stand volume and shall be 
regulated through flexible forest practices as the stream buffer is managed over time to meet riparian 
functions. 
     On parcels of twenty contiguous acres or less the small forest landowner office shall work with 
landowners with a total parcel ownership of less than eighty acres to develop alternative management plans 
for riparian buffers.  Such alternative plans shall provide for the removal of leave trees as other new trees 
grow in order to ensure the most effective protection of critical riparian function.  The office may 
recommend reasonable modifications in alternative management plans of such landowners to further reduce 
risks to public resources and endangered species so long as the anticipated operating costs are not 
unreasonably increased and the landowner is not required to leave a greater volume than the threshold 
level.  To qualify for the provisions of this section, parcels must be twenty acres or less in contiguous 
ownership, and owners cannot have ownership interests in a total of more than eighty acres of forest lands 
within the state. 
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PART VI 
LARGE WOODY DEBRIS 

 
     Sec. 601.  RCW 76.42.060 and 1973 c 136 s 7 are each amended to read as follows: 
     It shall be unlawful to dispose of wood debris by depositing such material into any of the navigable 
waters of this state, except as authorized by law including any discharge or deposit allowed to be made 
under and in compliance with chapter 90.48 RCW and any rules (({- or regulations -})) duly (({- 
promulgated -})) {+ adopted +} thereunder {+ or any deposit allowed to be made under and in compliance 
with chapter 76.09 or 75.46 RCW and any rules duly adopted under those chapters +}.  Violation of this 
section shall be a misdemeanor. 
 
     Sec. 602.  RCW 76.09.330 and 1992 c 52 s 5 are each amended to read as follows: 
     The legislature hereby finds and declares that riparian ecosystems on forest lands in addition to 
containing valuable timber resources, provide benefits for wildlife, fish, and water quality.  {+ The 
legislature further finds and declares that leaving riparian areas unharvested and leaving snags and green 
trees for large woody debris recruitment for streams and rivers provides public benefits including but not 
limited to benefits for threatened and endangered salmonids, other fish, amphibians, wildlife, and water 
quality enhancement. +}  The legislature further finds and declares that leaving upland areas unharvested 
for wildlife and leaving snags and green trees for future snag recruitment provides benefits for wildlife.  
Forest landowners may be required to leave trees standing in riparian and upland areas to benefit public 
resources.  It is recognized that these trees may blow down or fall into streams and that organic debris may 
be allowed to remain in streams.  This is beneficial to riparian dependent and other wildlife species.  {+ 
Further, it is recognized that trees may blow down, fall onto, or otherwise cause damage or injury to public 
improvements, private property, and persons.  Notwithstanding any statutory provision, rule, or common 
law doctrine to the contrary, t +}he landowner{+ , the department, and the state of Washington +} shall not 
be held liable for any injury or damages resulting from these actions, including but not limited to wildfire, 
erosion, flooding, {+ personal injury, property damage, damage to public improvements, +} and other {+ 
injury or +} damages {+ of any kind or character +} resulting from the trees being left. 
 

PART VII 
RIPARIAN OPEN SPACE 

 
     Sec. 701.  RCW 76.09.040 and 1997 c 173 s 1 are each amended to read as follows: 
     (1) Where necessary to accomplish the purposes and policies stated in RCW 76.09.010, and to 
implement the provisions of this chapter, the board shall (({-  promulgate -})) {+ adopt +} forest practices 
(({- regulations -})) {+ rules +} pursuant to chapter 34.05 RCW and in accordance with the procedures 
enumerated in this section that: 
     (a) Establish minimum standards for forest practices; 
     (b) Provide procedures for the voluntary development of resource management plans which may be 
adopted as an alternative to the minimum standards in (a) of this subsection if the plan is consistent with the 
purposes and policies stated in RCW 76.09.010 and the plan meets or exceeds the objectives of the 
minimum standards; 
     (c) Set forth necessary administrative provisions; (({- and -})) 
     (d) Establish procedures for the collection and administration of forest practice fees as set forth by this 
chapter{+ ; and 
     (e) Allow for the development of watershed analyses +}. 
     Forest practices (({- regulations -})) {+ rules +} pertaining to water quality protection shall be (({- 
promulgated individually -})) {+ adopted +} by the board (({-  and by the department of ecology -})) after 
(({- they have reached -})) {+ reaching +} agreement {+ with the director of the department of ecology or 
the director's designee on the board +} with respect thereto.  All other forest practices (({- regulations -})) 
{+ rules +} shall be (({- promulgated -})) {+ adopted +} by the board. 
     Forest practices (({- regulations -})) {+ rules +} shall be administered and enforced by either the 
department or the local governmental entity as provided in this chapter.  Such (({- regulations -})) {+ rules 
+} shall be (({- promulgated -})) {+ adopted +} and administered so as to give consideration to all purposes 
and policies set forth in RCW 76.09.010. 
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     (2) The board shall prepare proposed forest practices (({- regulations -})) {+ rules +}.  In addition to any 
forest practices (({- regulations -})) {+ rules +} relating to water quality protection proposed by the board, 
the department of ecology (({- shall prepare -})) {+ may submit to the board +} proposed forest practices 
(({- regulations -})) {+ rules +} relating to water quality protection. 
     Prior to initiating the rule making process, the proposed (({- regulations -})) {+ rules +} shall be 
submitted for review and comments to the department of fish and wildlife and to the counties of the state.  
After receipt of the proposed forest practices (({- regulations -})) {+ rules +}, the department of fish and 
wildlife and the counties of the state shall have thirty days in which to review and submit comments to the 
board, and to the department of ecology with respect to its proposed (({- regulations -})) {+ rules +} 
relating to water quality protection.  After the expiration of such thirty day period the board and the 
department of ecology shall jointly hold one or more hearings on the proposed (({- regulations -}))  
{+ rules +} pursuant to chapter 34.05 RCW.  At such hearing(s) any county may propose specific forest 
practices (({- regulations -})) {+ rules +} relating to problems existing within such county.  The board  
{+ may adopt +} and the department of ecology may (({- adopt -})) {+ approve +} such proposals if they 
find the proposals are consistent with the purposes and policies of this chapter. 
     {+ (3) The board shall establish by rule a riparian open space program that includes acquisition of a fee 
interest in, or at the landowner's option, a conservation easement on lands within unconfined avulsing 
channel migration zones.  Once acquired, these lands may be held and managed by the department, 
transferred to another state agency, transferred to an appropriate local government agency, or transferred to 
a private nonprofit nature conservation corporation, as defined in RCW 64.04.130, in fee or transfer of 
management obligation.  The board shall adopt rules governing the acquisition by the state or donation to 
the state of such interest in lands including the right of refusal if the lands are subject to unacceptable 
liabilities.  The rules shall include definitions of qualifying lands, priorities for acquisition, and provide for 
the opportunity to transfer such lands with limited warranties and with a description of boundaries that does 
not require full surveys where the cost of securing the surveys would be unreasonable in relation to the 
value of the lands conveyed.  The rules shall provide for the management of the lands for ecological 
protection or fisheries enhancement.  Because there are few, if any, comparable sales of forest land within 
unconfined avulsing channel migration zones, separate from the other lands or assets, these lands are likely 
to be extraordinarily difficult to appraise and the cost of a conventional appraisal often would be 
unreasonable in relation to the value of the land involved.  Therefore, for the purposes of voluntary sales 
under this section, the legislature declares that these lands are presumed to have a value equal to:  (a) The 
acreage in the sale multiplied by the average value of commercial forest land in the region under the land 
value tables used for property tax purposes under RCW 84.33.120; plus (b) the cruised volume of any 
timber located within the channel migration multiplied by the appropriate quality code stumpage value for 
timber of the same species shown on the appropriate table used for timber harvest excise tax purposes 
under RCW 84.33.091.  For purposes of this section, there shall be an eastside region and a westside region 
as defined in the forests and fish report as defined in RCW 76.09.020. 
     (4) Subject to appropriations sufficient to cover the cost of such an acquisition program and the related 
costs of administering the program, the department is directed to purchase a fee interest or, at the owner's 
option, a conservation easement in land that an owner tenders for purchase; provided that such lands have 
been taxed as forest lands and are located within an unconfined avulsing channel migration zone.  Lands 
acquired under this section shall become riparian open space.  These acquisitions shall not be deemed to 
trigger the compensating tax of chapters 84.33 and 84.34 RCW. 
     (5) Instead of offering to sell interests in qualifying lands, owners may elect to donate the interests to the 
state. 
     (6) Any acquired interest in qualifying lands by the state under this section shall be managed as riparian 
open space. +} 
 
     Sec. 702.  RCW 84.33.120 and 1999 c 233 s 20 are each amended to read as follows: 
     (1) In preparing the assessment rolls as of January 1, 1982, for taxes payable in 1983 and each January 
1st thereafter, the assessor shall list each parcel of forest land at a value with respect to the grade and class 
provided in this subsection and adjusted as provided in subsection (2) of this section and shall compute the 
assessed value of the land by using the same assessment ratio he or she applies generally in computing the 
assessed value of other property in his or her county.  Values for the several grades of bare forest land shall 
be as follows. 
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      LAND                        OPERABILITY                             VALUES    
     GRADE                            CLASS                                   PER ACRE   
                                                                                 
                            1                                    $141     
           1                               2                                      136     
                                3                                  131     
                            4                                   95     
                                                                                    
                                   1                                           118     
           2                                2                                               114     
                                      3                                          110     
                                        4                                                  80     
                                                                                    
                                       1                                      93     
           3                        2                                90     
                                        3                                   87     
                                         4                                         66     
                                                                                    
                                     1                                    70     
           4                             2                                    68     
                                         3                                            66     
                                         4                                    52     
                                                                                    
                                    1                                    51     
           5                             2                                  48     
                                          3                                46     
                                         4                                        31     
                                                                                    
                                           1                                     26     
           6                                 2                                     25     
                                            3                                25     
                                        4                                   23     
                                                                                    
                                       1                                         12     
           7                               2                                    12     
                                        3                                          11     
                                              4                                11     
                                                                                    
           8                                                                        1     
                                                                                    
 
     (2) On or before December 31, 1981, the department shall adjust, by rule under chapter 34.05 RCW, the 
forest land values contained in subsection (1) of this section in accordance with this subsection, and shall 
certify these adjusted values to the county assessor for his or her use in preparing the assessment rolls as of 
January 1, 1982.  For the adjustment to be made on or before December 31, 1981, for use in the 1982 
assessment year, the department shall: 
     (a) Divide the aggregate value of all timber harvested within the state between July 1, 1976, and June 
30, 1981, by the aggregate harvest volume for the same period, as determined from the harvester excise tax 
returns filed with the department under RCW 82.04.291 and 84.33.071; and 
     (b) Divide the aggregate value of all timber harvested within the state between July 1, 1975, and June 
30, 1980, by the aggregate harvest volume for the same period, as determined from the harvester excise tax 
returns filed with the department under RCW 82.04.291 and 84.33.071; and 
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     (c) Adjust the forest land values contained in subsection (1) of this section by a percentage equal to one-
half of the percentage change in the average values of harvested timber reflected by comparing the resultant 
values calculated under (a) and (b) of this subsection. 
     For the adjustments to be made on or before December 31, 1982, and each succeeding year thereafter, 
the same procedure shall be followed as described in this subsection utilizing harvester excise tax returns 
filed under RCW 82.04.291 and this chapter except that this adjustment shall be made to the prior year's 
adjusted value, and the five-year periods for calculating average harvested timber values shall be 
successively one year more recent. 
     (3) In preparing the assessment roll for 1972 and each year thereafter, the assessor shall enter as the true 
and fair value of each parcel of forest land the appropriate grade value certified to him or her by the 
department of revenue, and he or she shall compute the assessed value of such land by using the same 
assessment ratio he or she applies generally in computing the assessed value of other property in his or her 
county.  In preparing the assessment roll for 1975 and each year thereafter, the assessor shall assess and 
value as classified forest land all forest land that is not then designated pursuant to RCW 84.33.120(4) or 
84.33.130 and shall make a notation of such classification upon the assessment and tax rolls.  On or before 
January 15 of the first year in which such notation is made, the assessor shall mail notice by certified mail 
to the owner that such land has been classified as forest land and is subject to the compensating tax 
imposed by this section.  If the owner desires not to have such land assessed and valued as classified forest 
land, he or she shall give the assessor written notice thereof on or before March 31 of such year and the 
assessor shall remove from the assessment and tax rolls the classification notation entered pursuant to this 
subsection, and shall thereafter assess and value such land in the manner provided by law other than this 
chapter 84.33 RCW. 
     (4) In any year commencing with 1972, an owner of land which is assessed and valued by the assessor 
other than pursuant to the procedures set forth in RCW 84.33.110 and this section, and which has, in the 
immediately preceding year, been assessed and valued by the assessor as forest land, may appeal to the 
county board of equalization by filing an application with the board in the manner prescribed in subsection 
(2) of RCW 84.33.130.  The county board shall afford the applicant an opportunity to be heard if the 
application so requests and shall act upon the application in the manner prescribed in subsection (3) of 
RCW 84.33.130. 
     (5) Land that has been assessed and valued as classified forest land as of any year commencing with 
1975 assessment year or earlier shall continue to be so assessed and valued until removal of classification 
by the assessor only upon the occurrence of one of the following events: 
     (a) Receipt of notice from the owner to remove such land from classification as forest land; 
     (b) Sale or transfer to an ownership making such land exempt from ad valorem taxation; 
     (c) Determination by the assessor, after giving the owner written notice and an opportunity to be heard, 
that, because of actions taken by the owner, such land is no longer primarily devoted to and used for 
growing and harvesting timber.  However, land shall not be removed from classification if a governmental 
agency, organization, or other recipient identified in subsection (9) or (10) of this section as exempt from 
the payment of compensating tax has manifested its intent in writing or by other official action to acquire a 
property interest in classified forest land by means of a transaction that qualifies for an exemption under 
subsection (9) or (10) of this section.  The governmental agency, organization, or recipient shall annually 
provide the assessor of the county in which the land is located reasonable evidence in writing of the intent 
to acquire the classified land as long as the intent continues or within sixty days of a request by the 
assessor.  The assessor may not request this evidence more than once in a calendar year; 
     (d) Determination that a higher and better use exists for such land than growing and harvesting timber 
after giving the owner written notice and an opportunity to be heard; 
     (e) Sale or transfer of all or a portion of such land to a new owner, unless the new owner has signed a 
notice of forest land classification continuance, except transfer to an owner who is an heir or devisee of a 
deceased owner, shall not, by itself, result in removal of classification.  The signed notice of continuance 
shall be attached to the real estate excise tax affidavit provided for in RCW 82.45.150.  The notice of 
continuance shall be on a form prepared by the department of revenue.  If the notice of continuance is not 
signed by the new owner and attached to the real estate excise tax affidavit, all compensating taxes 
calculated pursuant to subsection (7) of this section shall become due and payable by the seller or transferor 
at time of sale.  The county auditor shall not accept an instrument of conveyance of classified forest land 
for filing or recording unless the new owner has signed the notice of continuance or the compensating tax 
has been paid, as evidenced by the real estate excise tax stamp affixed thereto by the treasurer.  The seller, 
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transferor, or new owner may appeal the new assessed valuation calculated under subsection (7) of this 
section to the county board of equalization.  Jurisdiction is hereby conferred on the county board of 
equalization to hear these appeals. 
     The assessor shall remove classification pursuant to (c) or (d) of this subsection prior to September 30 of 
the year prior to the assessment year for which termination of classification is to be effective.  Removal of 
classification as forest land upon occurrence of (a), (b), (d), or (e) of this subsection shall apply only to the 
land affected, and upon occurrence of (c) of this subsection shall apply only to the actual area of land no 
longer primarily devoted to and used for growing and harvesting timber:  PROVIDED, That any remaining 
classified forest land meets necessary definitions of forest land pursuant to RCW 84.33.100. 
     (6) Within thirty days after such removal of classification as forest land, the assessor shall notify the 
owner in writing setting forth the reasons for such removal.  The owner of such land shall thereupon have 
the right to apply for designation of such land as forest land pursuant to subsection (4) of this section or 
RCW 84.33.130.  The seller, transferor, or owner may appeal such removal to the county board of 
equalization. 
     (7) Unless the owner successfully applies for designation of such land or unless the removal is reversed 
on appeal, notation of removal from classification shall immediately be made upon the assessment and tax 
rolls, and commencing on January 1 of the year following the year in which the assessor made such 
notation, such land shall be assessed on the same basis as real property is assessed generally in that county.  
Except as provided in subsection (5)(e), (9), or (10) of this section and unless the assessor shall not have 
mailed notice of classification pursuant to subsection (3) of this section, a compensating tax shall be 
imposed which shall be due and payable to the county treasurer thirty days after the owner is notified of the 
amount of the compensating tax.  As soon as possible, the assessor shall compute the amount of such 
compensating tax and mail notice to the owner of the amount thereof and the date on which payment is due.  
The amount of such compensating tax shall be equal to the difference, if any, between the amount of tax 
last levied on such land as forest land and an amount equal to the new assessed valuation of such land 
multiplied by the dollar rate of the last levy extended against such land, multiplied by a number, in no event 
greater than ten, equal to the number of years, commencing with assessment year 1975, for which such land 
was assessed and valued as forest land. 
     (8) Compensating tax, together with applicable interest thereon, shall become a lien on such land which 
shall attach at the time such land is removed from classification as forest land and shall have priority to and 
shall be fully paid and satisfied before any recognizance, mortgage, judgment, debt, obligation or 
responsibility to or with which such land may become charged or liable.  Such lien may be foreclosed upon 
expiration of the same period after delinquency and in the same manner provided by law for foreclosure of 
liens for delinquent real property taxes as provided in RCW 84.64.050.  Any compensating tax unpaid on 
its due date shall thereupon become delinquent.  From the date of delinquency until paid, interest shall be 
charged at the same rate applied by law to delinquent ad valorem property taxes. 
     (9) The compensating tax specified in subsection (7) of this section shall not be imposed if the removal 
of classification as forest land pursuant to subsection (5) of this section resulted solely from: 
     (a) Transfer to a government entity in exchange for other forest land located within the state of 
Washington; 
     (b) A taking through the exercise of the power of eminent domain, or sale or transfer to an entity having 
the power of eminent domain in anticipation of the exercise of such power; 
     (c) A donation of fee title, development rights, or the right to harvest timber, to a government agency or 
organization qualified under RCW 84.34.210 and 64.04.130 for the purposes enumerated in those sections, 
or the sale or transfer of fee title to a governmental entity or a nonprofit nature conservancy corporation, as 
defined in RCW 64.04.130, exclusively for the protection and conservation of lands recommended for state 
natural area preserve purposes by the natural heritage council and natural heritage plan as defined in 
chapter 79.70 RCW:  PROVIDED, That at such time as the land is not used for the purposes enumerated, 
the compensating tax specified in subsection (7) of this section shall be imposed upon the current owner; 
     (d) The sale or transfer of fee title to the parks and recreation commission for park and recreation 
purposes; (({- or -})) 
     (e) Official action by an agency of the state of Washington or by the county or city within which the 
land is located that disallows the present use of such land{+; 
     (f) The creation, sale, or transfer of forestry riparian easements under section 504 of this act; or 
     (g) The creation, sale, or transfer of a fee interest or a conservation easement for the riparian open space 
program under RCW 76.09.040 +}. 
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     (10) In a county with a population of more than one million inhabitants, the compensating tax specified 
in subsection (7) of this section shall not be imposed if the removal of classification as forest land pursuant 
to subsection (5) of this section resulted solely from: 
     (a) An action described in subsection (9) of this section; or 
     (b) A transfer of a property interest to a government entity, or to a nonprofit historic preservation 
corporation or nonprofit nature conservancy corporation, as defined in RCW 64.04.130, to protect or 
enhance public resources, or to preserve, maintain, improve, restore, limit the future use of, or otherwise to 
conserve for public use or enjoyment, the property interest being transferred.  At such time as the property 
interest is not used for the purposes enumerated, the compensating tax shall be imposed upon the current 
owner. 
     (11) With respect to any land that has been designated prior to May 6, 1974, pursuant to RCW 
84.33.120(4) or 84.33.130, the assessor may, prior to January 1, 1975, on his or her own motion or pursuant 
to petition by the owner, change, without imposition of the compensating tax provided under RCW 
84.33.140, the status of such designated land to classified forest land. 
 
     Sec. 703.  RCW 84.33.140 and 1999 c 233 s 21 are each amended to read as follows: 
     (1) When land has been designated as forest land pursuant to RCW 84.33.120(4) or 84.33.130, a 
notation of such designation shall be made each year upon the assessment and tax rolls, a copy of the notice 
of approval together with the legal description or assessor's tax lot numbers for such land shall, at the 
expense of the applicant, be filed by the assessor in the same manner as deeds are recorded, and such land 
shall be graded and valued pursuant to RCW 84.33.110 and 84.33.120 until removal of such designation by 
the assessor upon occurrence of any of the following: 
     (a) Receipt of notice from the owner to remove such designation; 
     (b) Sale or transfer to an ownership making such land exempt from ad valorem taxation; 
     (c) Sale or transfer of all or a portion of such land to a new owner, unless the new owner has signed a 
notice of forest land designation continuance, except transfer to an owner who is an heir or devisee of a 
deceased owner, shall not, by itself, result in removal of classification.  The signed notice of continuance 
shall be attached to the real estate excise tax affidavit provided for in RCW 82.45.150.  The notice of 
continuance shall be on a form prepared by the department of revenue.  If the notice of continuance is not 
signed by the new owner and attached to the real estate excise tax affidavit, all compensating taxes 
calculated pursuant to subsection (3) of this section shall become due and payable by the seller or transferor 
at time of sale.  The county auditor shall not accept an instrument of conveyance of designated forest land 
for filing or recording unless the new owner has signed the notice of continuance or the compensating tax 
has been paid, as evidenced by the real estate excise tax stamp affixed thereto by the treasurer.  The seller, 
transferor, or new owner may appeal the new assessed valuation calculated under subsection (3) of this 
section to the county board of equalization.  Jurisdiction is hereby conferred on the county board of 
equalization to hear these appeals; 
     (d) Determination by the assessor, after giving the owner written notice and an opportunity to be heard, 
that: 
     (i) Such land is no longer primarily devoted to and used for growing and harvesting timber.  However, 
land shall not be removed from designation if a governmental agency, organization, or other recipient 
identified in subsection (5) or (6) of this section as exempt from the payment of compensating tax has 
manifested its intent in writing or by other official action to acquire a property interest in designated forest 
land by means of a transaction that qualifies for an exemption under subsection (5) or (6) of this section.  
The governmental agency, organization, or recipient shall annually provide the assessor of the county in 
which the land is located reasonable evidence in writing of the intent to acquire the designated land as long 
as the intent continues or within sixty days of a request by the assessor.  The assessor may not request this 
evidence more than once in a calendar year; 
     (ii) The owner has failed to comply with a final administrative or judicial order with respect to a 
violation of the restocking, forest management, fire protection, insect and disease control and forest debris 
provisions of Title 76 RCW or any applicable regulations thereunder; or 
     (iii) Restocking has not occurred to the extent or within the time specified in the application for 
designation of such land.  Removal of designation upon occurrence of any of (a) through (c) of this 
subsection shall apply only to the land affected, and upon occurrence of (d) of this subsection shall apply 
only to the actual area of land no longer primarily devoted to and used for growing and harvesting timber, 
without regard to other land that may have been included in the same application and approval for 
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designation:  PROVIDED, That any remaining designated forest land meets necessary definitions of forest 
land pursuant to RCW 84.33.100. 
     (2) Within thirty days after such removal of designation of forest land, the assessor shall notify the 
owner in writing, setting forth the reasons for such removal.  The seller, transferor, or owner may appeal 
such removal to the county board of equalization. 
     (3) Unless the removal is reversed on appeal a copy of the notice of removal with notation of the action, 
if any, upon appeal, together with the legal description or assessor's tax lot numbers for the land removed 
from designation shall, at the expense of the applicant, be filed by the assessor in the same manner as deeds 
are recorded, and commencing on January 1 of the year following the year in which the assessor mailed 
such notice, such land shall be assessed on the same basis as real property is assessed generally in that 
county.  Except as provided in subsection (1)(c), (5), or (6) of this section, a compensating tax shall be 
imposed which shall be due and payable to the county treasurer thirty days after the owner is notified of the 
amount of the compensating tax.  As soon as possible, the assessor shall compute the amount of such 
compensating tax and mail notice to the owner of the amount thereof and the date on which payment is due.  
The amount of such compensating tax shall be equal to the difference between the amount of tax last levied 
on such land as forest land and an amount equal to the new assessed valuation of such land multiplied by 
the dollar rate of the last levy extended against such land, multiplied by a number, in no event greater than 
ten, equal to the number of years for which such land was designated as forest land. 
     (4) Compensating tax, together with applicable interest thereon, shall become a lien on such land which 
shall attach at the time such land is removed from designation as forest land and shall have priority to and 
shall be fully paid and satisfied before any recognizance, mortgage, judgment, debt, obligation or 
responsibility to or with which such land may become charged or liable.  Such lien may be foreclosed upon 
expiration of the same period after delinquency and in the same manner provided by law for foreclosure of 
liens for delinquent real property taxes as provided in RCW 84.64.050.  Any compensating tax unpaid on 
its due date shall thereupon become delinquent.  From the date of delinquency until paid, interest shall be 
charged at the same rate applied by law to delinquent ad valorem property taxes. 
     (5) The compensating tax specified in subsection (3) of this section shall not be imposed if the removal 
of designation pursuant to subsection (1) of this section resulted solely from: 
     (a) Transfer to a government entity in exchange for other forest land located within the state of 
Washington; 
     (b) A taking through the exercise of the power of eminent domain, or sale or transfer to an entity having 
the power of eminent domain in anticipation of the exercise of such power; 
     (c) A donation of fee title, development rights, or the right to harvest timber, to a government agency or 
organization qualified under RCW 84.34.210 and 64.04.130 for the purposes enumerated in those sections, 
or the sale or transfer of fee title to a governmental entity or a nonprofit nature conservancy corporation, as 
defined in RCW 64.04.130, exclusively for the protection and conservation of lands recommended for state 
natural area preserve purposes by the natural heritage council and natural heritage plan as defined in 
chapter 79.70 RCW:  PROVIDED, That at such time as the land is not used for the purposes enumerated, 
the compensating tax specified in subsection (3) of this section shall be imposed upon the current owner; 
     (d) The sale or transfer of fee title to the parks and recreation commission for park and recreation 
purposes; (({- or -})) 
     (e) Official action by an agency of the state of Washington or by the county or city within which the 
land is located that disallows the present use of such land{+; 
     (f) The creation, sale, or transfer of forestry riparian easements under section 504 of this act; or 
     (g) The creation, sale, or transfer of a fee interest or a conservation easement for the riparian open space 
program under RCW 76.09.040 +}. 
     (6) In a county with a population of more than one million inhabitants, the compensating tax specified in 
subsection (3) of this section shall not be imposed if the removal of classification as forest land pursuant to 
subsection (1) of this section resulted solely from: 
     (a) An action described in subsection (5) of this section; or 
     (b) A transfer of a property interest to a government entity, or to a nonprofit historic preservation 
corporation or nonprofit nature conservancy corporation, as defined in RCW 64.04.130, to protect or 
enhance public resources, or to preserve, maintain, improve, restore, limit the future use of, or otherwise to 
conserve for public use or enjoyment, the property interest being transferred.  At such time as the property 
interest is not used for the purposes enumerated, the compensating tax shall be imposed upon the current 
owner. 
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     Sec. 704.  RCW 84.33.145 and 1997 c 299 s 3 are each amended to read as follows: 
     (1) If no later than thirty days after removal of classification or designation the owner applies for 
classification under RCW 84.34.020 (1), (2), or (3), then the classified or designated forest land shall not be 
considered removed from classification or designation for purposes of the compensating tax under RCW 
84.33.120 or 84.33.140 until the application for current use classification under RCW 84.34.030 is denied 
or the property is removed from designation under RCW 84.34.108.  Upon removal from designation under 
RCW 84.34.108, the amount of compensating tax due under this chapter shall be equal to: 
     (a) The difference, if any, between the amount of tax last levied on such land as forest land and an 
amount equal to the new assessed valuation of such land when removed from designation under RCW 
84.34.108 multiplied by the dollar rate of the last levy extended against such land, multiplied by 
     (b) A number equal to: 
     (i) The number of years the land was classified or designated under this chapter, if the total number of 
years the land was classified or designated under this chapter and classified under chapter 84.34 RCW is 
less than ten; or 
     (ii) Ten minus the number of years the land was classified under chapter 84.34 RCW, if the total number 
of years the land was classified or designated under this chapter and classified under chapter 84.34 RCW is 
at least ten. 
     (2) Nothing in this section authorizes the continued classification or designation under this chapter or 
defers or reduces the compensating tax imposed upon forest land not transferred to classification under 
subsection (1) of this section which does not meet the necessary definitions of forest land under RCW 
84.33.100.  Nothing in this section affects the additional tax imposed under RCW 84.34.108. 
     (3) In a county with a population of more than one million inhabitants, no amount of compensating tax 
is due under this section if the removal from classification under RCW 84.34.108 results from a transfer of 
property described in RCW 84.34.108(({- (5) - })) {+ (6) +}. 
 
     Sec. 705.  RCW 84.34.080 and 1992 c 69 s 11 are each amended to read as follows: 
     When land which has been classified under this chapter as open space land, farm and agricultural land, 
or timber land is applied to some other use, except through compliance with RCW 84.34.070, or except as a 
result solely from any one of the conditions listed in RCW 84.34.108(({- (5) -})) {+ (6) +}, the owner shall 
within sixty days notify the county assessor of such change in use and additional real property tax shall be 
imposed upon such land in an amount equal to the sum of the following: 
     (1) The total amount of the additional tax and applicable interest due under RCW 84.34.108; plus 
     (2) A penalty amounting to twenty percent of the amount determined in subsection (1) of this section. 
 
     Sec. 706.  RCW 84.34.108 and 1999 c 139 s 2 are each amended to read as follows: 
     (1) When land has once been classified under this chapter, a notation of such classification shall be 
made each year upon the assessment and tax rolls and such land shall be valued pursuant to RCW 
84.34.060 or 84.34.065 until removal of all or a portion of such classification by the assessor upon 
occurrence of any of the following: 
     (a) Receipt of notice from the owner to remove all or a portion of such classification; 
     (b) Sale or transfer to an ownership, except a transfer that resulted from a default in loan payments made 
to or secured by a governmental agency that intends to or is required by law or regulation to resell the 
property for the same use as before, making all or a portion of such land exempt from ad valorem taxation; 
     (c) Sale or transfer of all or a portion of such land to a new owner, unless the new owner has signed a 
notice of classification continuance, except transfer to an owner who is an heir or devisee of a deceased 
owner shall not, by itself, result in removal of classification.  (({- The signed notice of continuance shall be 
attached to the real estate excise tax affidavit provided for in RCW 82.45.150. -}))  The notice of 
continuance shall be on a form prepared by the department of revenue.  If the notice of continuance is not 
signed by the new owner and attached to the real estate excise tax affidavit, all additional taxes calculated 
pursuant to subsection (({- (3) -})) {+ (4) +} of this section shall become due and payable by the seller or 
transferor at time of sale.  The county auditor shall not accept an instrument of conveyance of classified 
land for filing or recording unless the new owner has signed the notice of continuance or the additional tax 
has been paid.  The seller, transferor, or new owner may appeal the new assessed valuation calculated 
under subsection (({- (3) -})) {+ (4) +} of this section to the county board of equalization.  Jurisdiction is 
hereby conferred on the county board of equalization to hear these appeals; 
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     (d) Determination by the assessor, after giving the owner written notice and an opportunity to be heard, 
that all or a portion of such land no longer meets the criteria for classification under this chapter.  The 
criteria for classification pursuant to this chapter continue to apply after classification has been granted. 
     The granting authority, upon request of an assessor, shall provide reasonable assistance to the assessor 
in making a determination whether such land continues to meet the qualifications of RCW 84.34.020 (1) or 
(3).  The assistance shall be provided within thirty days of receipt of the request. 
     (2) {+ Land may not be removed from classification because of: 
     (a) The creation, sale, or transfer of forestry riparian easements under section 504 of this act; or 
     (b) The creation, sale, or transfer of a fee interest or a conservation easement for the riparian open space 
program under RCW 76.09.040. 
     (3) +} Within thirty days after such removal of all or a portion of such land from current use 
classification, the assessor shall notify the owner in writing, setting forth the reasons for such removal.  The 
seller, transferor, or owner may appeal such removal to the county board of equalization. 
     (({- (3) -})) {+ (4) +} Unless the removal is reversed on appeal, the assessor shall revalue the affected 
land with reference to full market value on the date of removal from classification.  Both the assessed 
valuation before and after the removal of classification shall be listed and taxes shall be allocated according 
to that part of the year to which each assessed valuation applies.  Except as provided in subsection (({- (5) -
})) {+ (6) +} of this section, an additional tax, applicable interest, and penalty shall be imposed which shall 
be due and payable to the county treasurer thirty days after the owner is notified of the amount of the 
additional tax.  As soon as possible, the assessor shall compute the amount of such an additional tax, 
applicable interest, and penalty and the treasurer shall mail notice to the owner of the amount thereof and 
the date on which payment is due.  The amount of such additional tax, applicable interest, and penalty shall 
be determined as follows: 
     (a) The amount of additional tax shall be equal to the difference between the property tax paid as "open 
space land", "farm and agricultural land", or "timber land" and the amount of property tax otherwise due 
and payable for the seven years last past had the land not been so classified;  
     (b) The amount of applicable interest shall be equal to the interest upon the amounts of such additional 
tax paid at the same statutory rate charged on delinquent property taxes from the dates on which such 
additional tax could have been paid without penalty if the land had been assessed at a value without regard 
to this chapter; 
     (c) The amount of the penalty shall be as provided in RCW 84.34.080.  The penalty shall not be imposed 
if the removal satisfies the conditions of RCW 84.34.070. 
     (({- (4) -})) {+ (5) +} Additional tax, applicable interest, and penalty, shall become a lien on such land 
which shall attach at the time such land is removed from classification under this chapter and shall have 
priority to and shall be fully paid and satisfied before any recognizance, mortgage, judgment, debt, 
obligation or responsibility to or with which such land may become charged or liable.  Such lien may be 
foreclosed upon expiration of the same period after delinquency and in the same manner provided by law 
for foreclosure of liens for delinquent real property taxes as provided in RCW 84.64.050 now or as 
hereafter amended.  Any additional tax unpaid on its due date shall thereupon become delinquent.  From 
the date of delinquency until paid, interest shall be charged at the same rate applied by law to delinquent ad 
valorem property taxes. 
     (({- (5) -})) {+ (6) +} The additional tax, applicable interest, and penalty specified in subsection (({- (3) 
-})) {+ (4) +} of this section shall not be imposed if the removal of classification pursuant to subsection (1) 
of this section resulted solely from: 
     (a) Transfer to a government entity in exchange for other land located within the state of Washington; 
     (b)(i) A taking through the exercise of the power of eminent domain, or (ii) sale or transfer to an entity 
having the power of eminent domain in anticipation of the exercise of such power, said entity having 
manifested its intent in writing or by other official action; 
     (c) A natural disaster such as a flood, windstorm, earthquake, or other such calamity rather than by 
virtue of the act of the landowner changing the use of such property; 
     (d) Official action by an agency of the state of Washington or by the county or city within which the 
land is located which disallows the present use of such land; 
     (e) Transfer of land to a church when such land would qualify for exemption pursuant to RCW 
84.36.020; 
     (f) Acquisition of property interests by state agencies or agencies or organizations qualified under RCW 
84.34.210 and 64.04.130 for the purposes enumerated in those sections:  PROVIDED, That at such time as 
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these property interests are not used for the purposes enumerated in RCW 84.34.210 and 64.04.130 the 
additional tax specified in subsection (({- (3) -})) {+ (4) +} of this section shall be imposed; 
     (g) Removal of land classified as farm and agricultural land under RCW 84.34.020(2)(d); (({- or -})) 
     (h) Removal of land from classification after enactment of a statutory exemption that qualifies the land 
for exemption and receipt of notice from the owner to remove the land from classification{+ ; 
     (i) The creation, sale, or transfer of forestry riparian easements under section 504 of this act; or 
     (j) The creation, sale, or transfer of a fee interest or a conservation easement for the riparian open space 
program under RCW 76.09.040 +}. 
 
     {+ NEW SECTION. +}  Sec. 707.  A new section is added to chapter 76.09 RCW to read as follows: 
     Prior to the sale or transfer of land or perpetual timber rights subject to continuing forest land 
obligations under the forest practices rules adopted under section 204 of this act, as specifically identified 
in the forests and fish report the seller shall notify the buyer of the existence and nature of such a 
continuing obligation and the buyer shall sign a notice of continuing forest land obligation indicating the 
buyer's knowledge thereof.  The notice shall be on a form prepared by the department and shall be sent to 
the department by the seller at the time of sale or transfer of the land or perpetual timber rights and retained 
by the department.  If the seller fails to notify the buyer about the continuing forest land obligation, the 
seller shall pay the buyer's costs related to such continuing forest land obligation, including all legal costs 
and reasonable attorneys' fees, incurred by the buyer in enforcing the continuing forest land obligation 
against the seller.  Failure by the seller to send the required notice to the department at the time of sale shall 
be prima facie evidence, in an action by the buyer against the seller for costs related to the continuing forest 
land obligation, that the seller did not notify the buyer of the continuing forest land obligation prior to sale. 
 

PART VIII 
ENFORCEMENT 

 
     Sec. 801.  RCW 76.09.140 and 1993 c 482 s 1 are each amended to read as follows: 
     (1) The department of natural resources may take any necessary action to enforce any final order or final 
decision, and may disapprove (({- for up to one year -})) any forest practices application or notification 
submitted by any person who has failed to comply with a final order or final decision or has failed to pay 
any civil penalties as provided in RCW 76.09.170{+ , for up to one year from the issuance of a notice of 
intent to disapprove notifications and applications under this section or until the violator pays all 
outstanding civil penalties and complies with all validly issued and outstanding notices to comply and stop 
work orders, whichever is longer +}.  For purposes of chapter 482, Laws of 1993, the terms "final order" 
and "final decision" shall mean the same as set forth in RCW 76.09.080, 76.09.090, and 76.09.110.  The 
department shall provide written notice of its intent to disapprove an application or notification under this 
subsection.  The department shall forward copies of its notice of intent to disapprove to any affected 
landowner.  The disapproval period shall run from thirty days following the date of actual notice or when 
all administrative and judicial appellate processes, if any, have been exhausted.  Any person provided the 
notice may seek review from the appeals board by filing a request for review within thirty days of the date 
of the notice of intent.  {+ While the notice of intent to disapprove is in effect, the violator may not serve as 
a person in charge of, be employed by, manage, or otherwise participate to any degree in forest practices. 
+} 
     (2) On request of the department, the attorney general may take action necessary to enforce this chapter, 
including, but not limited to(({- , -})){+ :  S +}seeking penalties, {+ interest, costs, and attorneys' fees; +} 
enforcing final orders or decisions(({- , -})){+ ; +} and seeking civil injunctions, show cause orders, or 
contempt orders. 
     (3) A county may bring injunctive, declaratory, or other actions for enforcement for forest practice 
activities within its jurisdiction in the superior court as provided by law against the department, the forest 
landowner, timber owner or operator to enforce the forest practice (({- regulations -})) {+ rules +} or any 
final order of the department, or the appeals board.  No civil or criminal penalties shall be imposed for past 
actions or omissions if such actions or omissions were conducted pursuant to an approval or directive of the 
department.  Injunctions, declaratory actions, or other actions for enforcement under this subsection may 
not be commenced unless the department fails to take appropriate action after ten days written notice to the 
department by the county of a violation of the forest practices rules or final orders of the department or the 
appeals board. 
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     {+ (4)(a) The department may require financial assurance prior to the conduct of any further forest 
practices from an operator or landowner who within the preceding three-year period has: 
     (i) Operated without an approved forest practices application, other than an unintentional operation in 
connection with an approved application outside the approved boundary of such an application; 
     (ii) Continued to operate in breach of, or failed to comply with, the terms of an effective stop work order 
or notice to comply; or 
     (iii) Failed to pay any civil or criminal penalty. 
     (b) The department may deny any application for failure to submit financial assurances as required. +} 
 
     Sec. 802.  RCW 76.09.150 and 1974 ex.s. c 137 s 15 are each amended to read as follows: 
     {+ (1) +} The department shall make inspections of forest lands, before, during and after the conducting 
of forest practices as necessary for the purpose of (({- insuring -})) {+ ensuring +} compliance with this 
chapter and the forest practice{+ s +} (({- regulations -})) {+ rules +} and to (({- insure -})) {+ ensure +} 
that no material damage occurs to the natural resources of this state as a result of such practices. 
     {+ (2) +} Any duly authorized representative of the department shall have the right to enter upon forest 
land at any reasonable time to enforce the provisions of this chapter and the forest practices (({- regulations 
-})) {+ rules +}. 
     {+ (3) The department or the department of ecology may apply for an administrative inspection warrant 
to either Thurston county superior court, or the superior court in the county in which the property is 
located.  An administrative inspection warrant may be issued where: 
     (a) The department has attempted an inspection of forest lands under this chapter to ensure compliance 
with this chapter and the forest practice rules or to ensure that no potential or actual material damage occurs 
to the natural resources of this state, and access to all or part of the forest lands has been actually or 
constructively denied; or 
     (b) The department has reasonable cause to believe that a violation of this chapter or of rules adopted 
under this chapter is occurring or has occurred. 
     (4) In connection with any watershed analysis, any review of a pending application by an identification 
team appointed by the department, any compliance studies, any effectiveness monitoring, or other research 
that has been agreed to by a landowner, the department may invite representatives of other agencies, tribes, 
and interest groups to accompany a department representative and, at the landowner's election, the 
landowner, on any such inspections.  Reasonable efforts shall be made by the department to notify the 
landowner of the persons being invited onto the property and the purposes for which they are being invited. 
+} 
 
     Sec. 803.  RCW 76.09.170 and 1993 c 482 s 2 are each amended to read as follows: 
     (1) Every person who violates any provision of RCW 76.09.010 through 76.09.280 or of the forest 
practices rules, or who converts forest land to a use other than commercial timber operation within three 
years after completion of the forest practice without the consent of the county, city, or town, shall be 
subject to a penalty in an amount of not more than ten thousand dollars for every such violation.  Each and 
every such violation shall be a separate and distinct offense.  In case of a failure to comply with a stop work 
order, every day's continuance shall be a separate and distinct violation.  Every person who through an act 
of commission or omission procures, aids or abets in the violation shall be considered to have violated the 
provisions of this section and shall be subject to the penalty in this section.  No penalty shall be imposed 
under this section upon any governmental official, an employee of any governmental department, agency, 
or entity, or a member of any board or advisory committee created by this chapter for any act or omission 
in his or her duties in the administration of this chapter or of any rule adopted under this chapter. 
     (2) The department shall develop and recommend to the board a penalty schedule to determine the 
amount to be imposed under this section.  The board shall adopt by rule, pursuant to chapter 34.05 RCW, 
such penalty schedule to be effective no later than January 1, 1994.  The schedule shall be developed in 
consideration of the following: 
     (a) Previous violation history; 
     (b) Severity of the impact on public resources; 
     (c) Whether the violation of this chapter or its rules was intentional; 
     (d) Cooperation with the department; 
     (e) Repairability of the adverse effect from the violation; and 
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     (f) The extent to which a penalty to be imposed on a forest landowner for a forest practice violation 
committed by another should be reduced because the owner was unaware of the violation and has not 
received substantial economic benefits from the violation. 
     (3) The penalty in this section shall be imposed by a notice in writing, either by certified mail with 
return receipt requested or by personal service, to the person incurring the same from the department 
describing the violation with reasonable particularity.  Within fifteen days after the notice is received, the 
person incurring the penalty may apply in writing to the department for the remission or mitigation of such 
penalty.  Upon receipt of the application, that department may remit or mitigate the penalty upon whatever 
terms that department in its discretion deems proper, provided the department deems such remission or 
mitigation to be in the best interests of carrying out the purposes of this chapter.  The department shall have 
authority to ascertain the facts regarding all such applications in such reasonable manner and under such 
rule as it may deem proper. 
     (4) Any person incurring a penalty under this section may appeal the penalty to the forest practices 
appeals board.  Such appeals shall be filed within thirty days of receipt of notice imposing any penalty 
unless an application for remission or mitigation is made to the department.  When such an application for 
remission or mitigation is made, such appeals shall be filed within thirty days of receipt of notice from the 
department setting forth the disposition of the application for remission or mitigation. 
     (5) The penalty imposed under this section shall become due and payable thirty days after receipt of a 
notice imposing the same unless application for remission or mitigation is made or an appeal is filed.  
When such an application for remission or mitigation is made, any penalty incurred under this section shall 
become due and payable thirty days after receipt of notice setting forth the disposition of such application 
unless an appeal is filed from such disposition.  Whenever an appeal of the penalty incurred is filed, the 
penalty shall become due and payable only upon completion of all administrative and judicial review 
proceedings and the issuance of a final decision confirming the penalty in whole or in part. 
     (6) If the amount of any penalty is not paid to the department within thirty days after it becomes due and 
payable, the attorney general, upon the request of the department, shall bring an action in the name of the 
state of Washington in the superior court of Thurston county or of any county in which such violator may 
do business, to recover such penalty{+ , interest, costs, and attorneys' fees +}.  In all such actions the 
procedure and rules of evidence shall be the same as an ordinary civil action except as otherwise in this 
chapter provided.  In addition to or as an alternative to seeking enforcement of penalties in superior court, 
the department may bring an action in district court as provided in Title 3 RCW, to collect penalties{+ 
, interest, costs, and attorneys' fees +}. 
     (7) Penalties imposed under this section for violations associated with a conversion to a use other than 
commercial timber operation shall be a lien upon the real property of the person assessed the penalty and 
the department may collect such amount in the same manner provided in chapter 60.04 RCW for 
mechanics' liens. 
     {+ (8) Any person incurring a penalty imposed under this section is also responsible for the payment of 
all costs and attorneys' fees incurred in connection with the penalty and interest accruing on the unpaid 
penalty amount. +} 
 

PART IX 
WATERSHED ANALYSIS 

 
     Sec. 901.  RCW 76.09.010 and 1993 c 443 s 1 are each amended to read as follows: 
     (1) The legislature hereby finds and declares that the forest land resources are among the most valuable 
of all resources in the state; that a viable forest products industry is of prime importance to the state's 
economy; that it is in the public interest for public and private commercial forest lands to be managed 
consistent with sound policies of natural resource protection; that coincident with maintenance of a viable 
forest products industry, it is important to afford protection to forest soils, fisheries, wildlife, water quantity 
and quality, air quality, recreation, and scenic beauty. 
     (2) The legislature further finds and declares it to be in the public interest of this state to create and 
maintain through the adoption of this chapter a comprehensive state-wide system of laws and forest 
practices (({- regulations -})) {+ rules +} which will achieve the following purposes and policies: 
     (a) Afford protection to, promote, foster and encourage timber growth, and require such minimum 
reforestation of commercial tree species on forest lands as will reasonably utilize the timber growing 
capacity of the soil following current timber harvest; 
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     (b) Afford protection to forest soils and public resources by utilizing all reasonable methods of 
technology in conducting forest practices; 
     (c) Recognize both the public and private interest in the profitable growing and harvesting of timber; 
     (d) Promote efficiency by permitting maximum operating freedom consistent with the other purposes 
and policies stated herein; 
     (e) Provide for regulation of forest practices so as to avoid unnecessary duplication in such (({- 
regulation -})) {+ rules +}; 
     (f) Provide for interagency input and intergovernmental and tribal coordination and cooperation; 
     (g) Achieve compliance with all applicable requirements of federal and state law with respect to 
nonpoint sources of water pollution from forest practices; 
     (h) To consider reasonable land use planning goals and concepts contained in local comprehensive plans 
and zoning regulations; (({- and -})) 
     (i) Foster cooperation among managers of public resources, forest landowners, Indian tribes and the 
citizens of the state{+ ; and 
     (j) Develop a watershed analysis system that addresses the cumulative effect of forest practices on, at a 
minimum, the public resources of fish, water, and public capital improvements of the state and its political 
subdivisions +}. 
     (3) The legislature further finds and declares that it is also in the public interest of the state to encourage 
forest landowners to undertake corrective and remedial action to reduce the impact of mass earth 
movements and fluvial processes. 
     (4) The legislature further finds and declares that it is in the public interest that the applicants for state 
forest practice{+ s +} permits should assist in paying for the cost of review and permitting necessary for the 
environmental protection of these resources. 
 
     Sec. 902.  RCW 76.09.220 and 1999 c 90 s 1 are each amended to read as follows: 
     (1) The appeals board shall operate on either a part-time or a full-time basis, as determined by the 
governor.  If it is determined that the appeals board shall operate on a full-time basis, each member shall 
receive an annual salary to be determined by the governor.  If it is determined that the appeals board shall 
operate on a part-time basis, each member shall be compensated in accordance with RCW 43.03.250.  The 
director of the environmental hearings office shall make the determination, required under RCW 43.03.250, 
as to what statutorily prescribed duties, in addition to attendance at a hearing or meeting of the board, shall 
merit compensation.  This compensation shall not exceed ten thousand dollars in a fiscal year.  Each 
member shall receive reimbursement for travel expenses incurred in the discharge of his {+ or her +} duties 
in accordance with the provisions of RCW 43.03.050 and 43.03.060. 
     (2) The appeals board shall as soon as practicable after the initial appointment of the members thereof, 
meet and elect from among its members a chair, and shall at least biennially thereafter meet and elect or 
reelect a chair. 
     (3) The principal office of the appeals board shall be at the state capital, but it may sit or hold hearings at 
any other place in the state.  A majority of the appeals board shall constitute a quorum for making orders or 
decisions, (({-  promulgating -})) {+ adopting +} rules (({- and regulations -})) necessary for the conduct 
of its powers and duties, or transacting other official business, and may act though one position on the 
board be vacant.  One or more members may hold hearings and take testimony to be reported for action by 
the board when authorized by rule or order of the board.  The appeals board shall perform all the powers 
and duties granted to it in this chapter or as otherwise provided by law. 
     (4) The appeals board shall make findings of fact and prepare a written decision in each case decided by 
it, and such findings and decision shall be effective upon being signed by two or more members and upon 
being filed at the appeals board's principal office, and shall be open to public inspection at all reasonable 
times. 
     (5) The appeals board shall either publish at its expense or make arrangements with a publishing firm 
for the publication of those of its findings and decisions which are of general public interest, in such form 
as to assure reasonable distribution thereof. 
     (6) The appeals board shall maintain at its principal office a journal which shall contain all official 
actions of the appeals board, with the exception of findings and decisions, together with the vote of each 
member on such actions.  The journal shall be available for public inspection at the principal office of the 
appeals board at all reasonable times. 
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     (7) The forest practices appeals board shall have exclusive jurisdiction to hear appeals arising from an 
action or determination by the department, and the department of fish and wildlife, and the department of 
ecology with respect to management plans provided for under RCW 76.09.350. 
     (8)(a) Any person aggrieved by the approval or disapproval of an application to conduct a forest practice 
or the approval or disapproval of any landscape plan or permit {+ or watershed analysis +} may seek 
review from the appeals board by filing a request for the same within thirty days of the approval or 
disapproval.  Concurrently with the filing of any request for review with the board as provided in this 
section, the requestor shall file a copy of his or her request with the department and the attorney general.  
The attorney general may intervene to protect the public interest and ensure that the provisions of this 
chapter are complied with. 
     (b) The review proceedings authorized in (a) of this subsection are subject to the provisions of chapter 
34.05 RCW pertaining to procedures in adjudicative proceedings. 
 
     *{+ NEW SECTION. +}  Sec. 903.  In order to facilitate healthy streams and foster salmonid recovery 
efforts, the department of natural resources shall conduct a survey of publicly held lands in Washington 
with unconfined avulsing streams as defined in section 301 of this act that do not have sufficient forest 
canopy to adequately shade such streams.  By January 1, 2001, the department shall report such findings to 
the legislature along with the reasons for the lack of canopy and an estimate of the resources needed and a 
schedule for reforestation of such lands. *Sec. 903 was vetoed.  See message at end of chapter. 
 

PART X 
FOREST PRACTICES BOARD COMPOSITION 

 
     Sec. 1001.  RCW 76.09.030 and 1995 c 399 s 207 are each amended to read as follows: 
     (1) There is hereby created the forest practices board of the state of Washington as an agency of state 
government consisting of members as follows: 
     (a) The commissioner of public lands or the commissioner's designee; 
     (b) The director of the department of community, trade, and economic development or the director's 
designee; 
     (c) The director of the department of agriculture or the director's designee; 
     (d) The director of the department of ecology or the director's designee; 
     (e) {+ The director of the department of fish and wildlife or the director's designee; 
     (f) +} An elected member of a county legislative authority appointed by the governor:  PROVIDED, 
That such member's service on the board shall be conditioned on the member's continued service as an 
elected county official; and 
     (({- (f) -})) {+ (g) +} Six members of the general public appointed by the governor, one of whom shall 
be an owner of not more than five hundred acres of forest land, and one of whom shall be an independent 
logging contractor. 
     (2) {+ The director of the department of fish and wildlife's service on the board may be terminated two 
years after the effective date of this section if the legislature finds that after two years the department has 
not made substantial progress toward integrating the laws, rules, and programs governing forest practices, 
chapter 76.09 RCW, and the laws, rules, and programs governing hydraulic projects, chapter 75.20 RCW.  
Such a finding shall be based solely on whether the department of fish and wildlife makes substantial 
progress as defined in this subsection, and will not be based on other actions taken as a member of the 
board.  Substantial progress shall include recommendations to the legislature for closer integration of the 
existing rule-making authorities of the board and the department of fish and wildlife, and closer integration 
of the forest practices and hydraulics permitting processes, including exploring the potential for a 
consolidated permitting process.  These recommendations shall be designed to resolve problems currently 
associated with the existing dual regulatory and permitting processes. 
     (3) +} The members of the initial board appointed by the governor shall be appointed so that the term of 
one member shall expire December 31, 1975, the term of one member shall expire December 31, 1976, the 
term of one member shall expire December 31, 1977, the terms of two members shall expire December 31, 
1978, and the terms of two members shall expire December 31, 1979.  Thereafter, each member shall be 
appointed for a term of four years.  Vacancies on the board shall be filled in the same manner as the 
original appointments.  Each member of the board shall continue in office until his or her successor is 
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appointed and qualified.  The commissioner of public lands or the commissioner's designee shall be the 
chairman of the board. 
     (({- (3) -})) {+ (4) +} The board shall meet at such times and places as shall be designated by the 
chairman or upon the written request of the majority of the board.  The principal office of the board shall be 
at the state capital. 
     (({- (4) -})) {+ (5) +} Members of the board, except public employees and elected officials, shall be 
compensated in accordance with RCW 43.03.250.  Each member shall be entitled to reimbursement for 
travel expenses incurred in the performance of their duties as provided in RCW 43.03.050 and 43.03.060. 
     (({- (5) -})) {+ (6) +} The board may employ such clerical help and staff pursuant to chapter 41.06 
RCW as is necessary to carry out its duties. 
 

PART XI 
WATER QUALITY COORDINATION 

 
     Sec. 1101.  RCW 90.48.420 and 1975 1st ex.s. c 200 s 13 are each amended to read as follows: 
     (1) The department of ecology, pursuant to powers vested in it previously by chapter 90.48 RCW and 
consistent with the policies of said chapter and RCW 90.54.020(3), shall be solely responsible for 
establishing water quality standards for waters of the state.  On or before January 1, 1975, the department 
of ecology shall examine existing (({- regulations -})) {+ rules +} containing water quality standards and 
other applicable rules (({- and regulations -})) of said department pertaining to waters of the state affected 
by nonpoint sources of pollution arising from forest practices and, when it appears appropriate to the 
department of ecology, modify said (({- regulations -})) {+ rules +}.  In any such examination or 
modification the department of ecology shall consider such factors, among others, as uses of the receiving 
waters, diffusion, down-stream cooling, and reasonable transient and short-term effects resulting from 
forest practices. 
     (({- Promulgation -})) {+ Adoption +} of forest practices (({- regulations -})) {+ rules pertaining to 
water quality +} by (({- the department of ecology and -})) the forest practices board(({- , -})) shall be 
accomplished {+ after reaching agreement with the director of the department or the director's designee on 
the board.  Adoption shall be accomplished +} so that compliance with such forest practice (({- regulations 
-})) {+ rules +} will achieve compliance with water pollution control laws. 
     (2) The department of ecology shall monitor water quality to determine whether revisions in such water 
quality standards or revisions in such forest practices (({- regulations -})) {+ rules +} are necessary to 
accomplish the foregoing result, and either (({- promulgate -})) {+ adopt +} appropriate revisions to such 
water quality standards or propose appropriate revisions to such forest practices (({- regulations - })) {+ 
rules +} or both. 
     (3) Notwithstanding any other provisions of chapter 90.48 RCW or of the rules (({- and regulations 
promulgated -})) {+ adopted +} thereunder, no permit system pertaining to nonpoint sources of pollution 
arising from forest practices shall be authorized, and no civil or criminal penalties shall be imposed with 
respect to any forest practices conducted in full compliance with the applicable provisions of RCW 
76.09.010 through 76.09.280, forest practices (({- regulations -})) {+ rules +}, and any approvals or 
directives of the department of natural resources thereunder. 
     (4) Prior to the department of ecology taking action under statutes or (({- regulations -})) {+ rules +} 
relating to water quality, regarding violations of water quality standards arising from forest practices, the 
department of ecology shall notify the department of natural resources. 
 

PART XII 
STATE ENVIRONMENTAL POLICY ACT 

 
     {+ NEW SECTION. +}  Sec. 1201.  A new section is added to chapter 43.21C RCW to read as follows: 
     (1) Decisions pertaining to the following kinds of actions under chapter . . ., Laws of 1999 1st sp. sess. 
(this act) are not subject to any procedural requirements implementing RCW 43.21C.030(2)(c):  (a) 
Approval of forest road maintenance and abandonment plans under chapter 76.09 RCW and RCW 
75.20.100; (b) approval by the department of natural resources of future timber harvest schedules involving 
east-side clear cuts under rules implementing chapter 76.09 RCW; (c) acquisitions of forest lands in stream 
channel migration zones under RCW 76.09.040; and (d) acquisitions of conservation easements pertaining 
to forest lands in riparian zones under section 504 of this act. 
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     (2) For purposes of the department's threshold determination on a watershed analysis, the department 
shall not make a determination of significance unless the prescriptions themselves, compared to rules or 
prescriptions in place prior to the analysis, will cause probable significant adverse impact on elements of 
the environment other than those addressed in the watershed analysis process.  Nothing in this subsection 
shall be construed to effect the outcome of pending litigation regarding the department's authority in 
making a threshold determination on a watershed analysis. 
 

PART XIII 
FEDERAL ASSURANCES 

 
     {+ NEW SECTION. +}  Sec. 1301.  A new section is added to chapter 75.46 RCW under the subchapter 
heading "federal assurances related to forest practices conducted under the state salmon recovery strategy" 
to read as follows: 
     (1) Chapter . . ., Laws of 1999 1st sp. sess. (this act) has been enacted on the assumption that the federal 
assurances described in the forests and fish report as defined in RCW 76.09.020 will be obtained and that 
forest practices conducted in accordance with chapter . . ., Laws of 1999 1st sp. sess. (this act) and the rules 
adopted under chapter . . ., Laws of 1999 1st sp. sess. (this act) will not be subject to additional regulations 
or restrictions for aquatic resources except as provided in the forests and fish report. 
     (2) The occurrence of any of the following events shall constitute a failure of assurances: 
     (a) Either (i) the national marine fisheries service or the United States fish and wildlife service fails to 
promulgate an effective rule under 16 U.S.C. Sec. 1533(d) covering each aquatic resource that is listed as 
threatened under the endangered species act within two years after the date on which the aquatic resource is 
so listed or, in the case of bull trout, within two years after the effective date of this section; or (ii) any such 
rule fails to permit any incidental take that would occur from the conduct of forest practices in compliance 
with the rules adopted under chapter . . ., Laws of 1999 1st sp. sess. (this act) or fails to confirm that such 
forest practices would not otherwise be in violation of the endangered species act and the regulations 
promulgated under that act.  However, this subsection (2)(a) is not applicable to any aquatic resource 
covered by an incidental take permit described in (c) of this subsection; 
     (b) Either the national marine fisheries service or the United States fish and wildlife service shall 
promulgate an effective rule under 16 U.S.C. Sec. 1533(d) covering any aquatic resource that would 
preclude the conduct of forest practices consistent with the prescriptions outlined in the forests and fish 
report.  However, this subsection (2)(b) is not applicable to any aquatic resource covered by an incidental 
take permit described in (c) of this subsection; 
     (c) Either the secretary of the interior or the secretary of commerce fails to issue an acceptable incidental 
take permit under 16 U.S.C. Sec. 1539(a) covering all fish and wildlife species included within aquatic 
resources on or before June 30, 2003.  An acceptable incidental take permit will (i) permit the incidental 
take, if any, of all fish and wildlife species included within aquatic resources resulting from the conduct of 
forest practices in compliance with the prescriptions outlined in the forests and fish report; (ii) provide 
protection to the state of Washington and its subdivisions and to landowners and operators; (iii) not require 
the commitment of additional resources beyond those required to be committed under the forests and fish 
report; and (iv) provide "no-surprises" protection as described in 50 C.F.R. Parts 17 and 222 (1998); 
     (d) Either the national marine fisheries service or the United States fish and wildlife service fails to 
promulgate an effective rule under 16 U.S.C. Sec. 1533(d) within five years after the date on which a fish 
species is listed as threatened or endangered under the endangered species act which prohibits actions listed 
under 16 U.S.C. 1538; 
     (e) The environmental protection agency or department of ecology fails to provide the clean water act 
assurances described in appendix M to the forests and fish report; or 
     (f) The assurances described in (a) through (e) of this subsection are reversed or otherwise rendered 
ineffective by subsequent federal legislation or rulemaking or by final decision of any court of competent 
jurisdiction. 
     Upon the occurrence of a failure of assurances, any agency, tribe, or other interested person including, 
without limitation, any forest landowner, may provide written notice of the occurrence of such failure of 
assurances to the legislature and to the office of the governor.  Promptly upon receipt of such a notice, the 
governor shall review relevant information and if he or she determines that a failure of assurances has 
occurred, the governor shall make such a finding in a written report with recommendations and deliver such 
report to the legislature.  Upon notice of the occurrence of a failure of assurances, the legislature shall 
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review chapter . . ., Laws of 1999 1st sp. sess. (this act), all rules adopted by the forest practices board, the 
department of ecology, or the department of fish and wildlife at any time after January 1, 1999, that were 
adopted primarily for the protection of one or more aquatic resources and affect forest practices and the 
terms of the forests and fish report, and shall take such action, including the termination of funding or the 
modification of other statutes, as it deems appropriate. 
     (3) The governor may negotiate with federal officials, directly or through designated representatives, on 
behalf of the state and its agencies and subdivisions, to obtain assurances from federal agencies to the effect 
that compliance with the forest practices rules as amended under chapter . . ., Laws of 1999 1st sp. sess. 
(this act) and implementation of the recommendations in the forests and fish report will satisfy federal 
requirements under the endangered species act and the clean water act and related regulations, including the 
negotiation of a rule adopted under section 4(d) of the endangered species act, entering into implementation 
agreements and receiving incidental take permits under section 10 of the endangered species act or entering 
into other intergovernmental agreements. 
 

PART XIV 
MISCELLANEOUS 

 
     {+ NEW SECTION. +}  Sec. 1401.  RCW 90.28.150 (Improving streams for logging) and 1891 c 120 s 
1 are each repealed. 
 
     {+ NEW SECTION. +}  Sec. 1402.  A new section is added to chapter 76.09 RCW to read as follows: 
     The forests and fish account is created in the state treasury.  Receipts from appropriations, federal 
grants, and gifts from private organizations and individuals or other sources may be deposited into the 
account.  Moneys in the account may be spent only after appropriation.  Expenditures from the account 
may only be used for the establishment and operation of the small forest landowner office under section 
503 of this act, the purchase of easements under section 504 of this act, the purchase of lands under RCW 
76.09.040, or other activities necessary to implement chapter . . ., Laws of 1999 1st sp. sess. (this act). 
 
     {+ NEW SECTION. +}  Sec. 1403.  Part headings used in this act are not any part of the law. 
 
     *{+ NEW SECTION. +}  Sec. 1404.  If by December 31, 2004, harvest levels of Snake river fall 
chinook salmon, Lower Columbia river wild chinook salmon and Willamette river spring chinook salmon 
in Alaskan waters are not reduced twenty-five percent from 1997 harvest levels, this act is null and void. 
*Sec. 1404 was vetoed.  See message at end of chapter. 
 
     {+ NEW SECTION. +}  Sec. 1405.  Sections 201, 202, and 203 of this act are necessary for the 
immediate preservation of the public peace, health, or safety, or support of the state government and its 
existing public institutions, and take effect immediately. 
     Passed the House May 19, 1999. 
     Passed the Senate May 17, 1999. 
     Approved by the Governor June 7, 1999, with the exception of certain items that were vetoed. 
     Filed in Office of Secretary of State June 7, 1999. 
 
     Note:  Governor's explanation of partial veto is as follows: 
 
     "I am returning herewith, without my approval as to sections 903 and 1404, Engrossed Substitute House 
Bill No. 2091 entitled: 
 
     "AN ACT Relating to forest practices as they affect the recovery of salmon and other aquatic 
resources;" 
 
     Engrossed Substitute House Bill No. 2091 establishes legislative direction for the use of the Forest and 
Fish Report of February 1999, prepared by the Forest Practices Board, to protect salmon habitat and water 
quality. 
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     Section 903 of the bill would direct the Department of Natural Resources to evaluate certain publicly 
held lands, report the reasons those lands may not provide sufficient shade to streams, and estimate the 
resources needed to reforest the lands.  This activity would involve considerable staff time and expense 
(approximately $250,000) and money for it was not included in the budget passed by the legislature.  
Given the funding strain already inherent in the requirements of this legislation, I prefer to veto this section.  
 
     Section 1404 of the bill would make this act null and void if harvest levels of certain salmon runs in 
Alaskan waters were not reduced by twenty-five percent by December 31, 2004.  This section was added to 
the bill immediately prior to final passage and was not part of the negotiated package.  It is vague and 
ambiguous.  Further, it would provide an unnecessary linkage between two distinct elements of a 
comprehensive salmon protection strategy.  It would jeopardize the goal of long-term certainty intended 
with this legislation, risk the loss of federal assurances against certain types of lawsuits due to the 
incidental take of salmon, and make unworkable long-term incentive programs such as the forestry riparian 
easement program. 
 
     For these reasons, I have vetoed sections 903 and 1404 of Engrossed Substitute House Bill No. 2091.  
With the exception of sections 903 and 1404, ESHB 2091 is approved." 
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Introduction 
Road density can be used to help understand the potential for impacts from road surface erosion, 
drainage, and sediment delivery to streams.  Many factors affect the degree of impact to aquatic 
resources from roads, and there can be a greater possibility of adverse impacts as road density in a 
watershed increases. However, research indicates the relationship between the degree of impacts to 
aquatic resources and road density is not simple and linear. Nonetheless, road density may be used 
as an indicator variable.  Road densities were estimated within the Forest Practices HCP (FPHCP) 
covered lands for the 12 analysis regions.  Table D.1 shows the average road density by region and 
by WRIA, as well as the overall average road density, for covered lands.  Average road density in 
the 12 regions ranged from 2.5 to 4.9 miles of road per square mile of covered lands with an overall 
average road density of 3.4.  A description of the process to estimate road density follows. 

Road Density Analysis Description for Road Density Table D.1 
The road density analysis discussed in the FPHCP DEIS was completed on July 7, 2004 by the 
Western Washington Office of the U.S. Fish and Wildlife Service (Table D.1).  The GIS data layers 
that were used in the analysis included the Washington Department of Natural Resources (DNR) 
base water resource inventory area (WRIA) boundary layer (1991), the DNR transportation layer 
(1996), and the Forests and Fish covered lands boundary layer (FPHCP) supplied by Tetra Tech, 
FW, Inc. (2004).  The FPHCP boundary layer represents all lands covered by the FPHCP that are 
subject to the Washington Forest Practices Rules. 

Road density was estimated from the following process:  the DNR transportation layer was clipped 
with individual WRIA boundaries.  Then the miles of roads and square miles of land were calculated 
by WRIA.  Next, the clipped WRIA/DNR transportation layer was clipped to the FPHCP boundary 
layer.  Then the miles of roads and square miles of land were calculated within the FPHCP boundary 
layer by WRIA.  Finally, all results were placed in an excel spreadsheet.  From the spreadsheet, road 
density was calculated by WRIA and grouped into the 12 analysis regions used in the DEIS.  Road 
density was calculated as miles of road within FPHCP covered lands per square mile of covered 
lands.  Average road density per region also was calculated, as was an overall average of all 12 
regions, for FPHCP covered lands. 

The road density figures shown in Table D.1 are estimates and are likely underestimates of the true 
road density on covered lands.  The DNR transportation layer that was used was completed in 1996, 
the last comprehensive update to this layer.  This layer likely omitted some roads that occurred on 
covered lands as of 1996, which for various reasons were not identified for inclusion into the layer.  
Also, since 1996, more roads have likely been built on covered lands that are not included in the 
1996 layer. 
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Table D.1.  Average Road Density by Analysis Regions and by WRIA for FPHCP Covered Lands. 

Region WRIA # Miles of Roads within 
Covered Lands 

Square Miles of Covered 
Lands 

Road Density within 
Covered Lands (mi./sq. mi.) 

1 1 1,526.14 554.75 2.8 
1 3 1,073.09 359.58 3.0 
1 4 832.16 262.28 3.2 
1 6 369.04 129.25 2.9 
1 7 2,937.85 864.43 3.4 
  Average Road Density of Covered Lands in Region: 3.0 

 
2 8 1,249.35 315.34 4.0 
2 9 1,368.24 302.87 4.5 
2 10 1,950.99 447.63 4.4 
2 11 2,306.18 467.74 4.9 
2 12 195.65 29.04 6.7 
2 13 968.64 186.9 5.2 
  Average Road Density of Covered Lands in Region: 4.9 

 
3 14 1,382.23 288.87 4.8 
3 15 2,366.94 517.73 4.6 
3 16 596.69 147.11 4.1 
3 17 1,056.11 249.59 4.2 
3 18 490.6 126.48 3.9 
  Average Road Density of Covered Lands in Region: 4.3 

 
4 2 344.97 113.67 3.0 
4 5 1,049.5 364.43 2.9 
  Average Road Density of Covered Lands in Region: 3.0 

 
5 19 996.59 268.4 3.7 
5 20 2,142.64 575.89 3.7 
5 21 1,106.67 331.14 3.3 
  Average Road Density of Covered Lands in Region: 3.6 

 
6 22 3,646.39 996.82 3.7 
6 23 4,959.64 1,079.63 4.6 
6 24 4,191.64 902.14 4.6 
  Average Road Density of Covered Lands in Region: 4.3 

 
7 25 2,042.43 422.8 4.8 
7 26 6,526.19 1,234.69 5.3 
7 27 3,111.41 637.46 4.9 
7 28 860.45 253.95 3.4 
  Average Road Density of Covered Lands in Region: 4.6 

 
8 29 1,201.85 339.25 3.5 
8 30 1,392.68 473.41 2.9 
8 31 96.09 70.58 1.4 
8 37 184.51 67.73 2.7 
8 38 315.85 104.49 3.0 
8 39 1,374.56 418.66 3.3 
8 40 164.48 45.37 3.6 



 
 
  
 
 
 

Final EIS D-3 Road Density 

Appendix D 
Table D.1.  Average Road Density by Analysis Regions and by WRIA for FPHCP Covered Lands. 

Region WRIA # Miles of Roads within 
Covered Lands 

Square Miles of Covered 
Lands 

Road Density within 
Covered Lands (mi./sq. mi.) 

  Average Road Density of Covered Lands in Region: 2.9 
 

9 32 304.59 104.74 2.9 
9 33 0.12 0.05 2.4 
9 34 134.44 51.59 2.6 
9 35 102.83 49.71 2.1 
  Average Road Density of Covered Lands in Region: 2.5 

 
10 36 0.29 0.16 1.8 
10 41 1.24 0.52 2.4 
10 42 0.18 0.05 3.6 
10 43 47.39 18.8 2.5 
  Average Road Density of Covered Lands in Region: 2.6 

 
11 44 16.61 8 2.1 
11 45 701.26 148.68 4.7 
11 46 154.02 29.64 5.2 
11 47 90.68 22.62 4.0 
11 48 108.91 53.58 2.0 
11 49 834.39 430.17 1.9 
11 50 0.38 0.35 1.1 
  Average Road Density of Covered Lands in Region: 3.0 

 
12 51 0 0 0.0 
12 52 275.65 113.51 2.4 
12 53 106 45.6 2.3 
12 54 819.18 282.56 2.9 
12 55 1,184.15 416.51 2.8 
12 56 205.93 60.66 3.4 
12 57 406.64 117.36 3.5 
12 58 686.31 196.62 3.5 
12 59 1,753.77 626.85 2.8 
12 60 633.32 261.09 2.4 
12 61 983.44 353.86 2.8 
12 62 1,061.99 350.13 3.0 
  Average Road Density of Covered Lands in Region: 2.7 

 
  Overall Average Road Density of Covered Lands: 3.4 
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