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INTRODUCTION

Pursuant to the Endangered Species Act ("ACT"), 16 USC Sec-
tions 1531 et seq., National Audubon Society, The Humane So-
ciety of the United States, Defenders of Wildlife, Greater
Ecosystem Alliance, Friends of the Loomis Forest, Methow Val-
ley Forest Watch, Save Chelan Alliance, Lower Columbia Basin
Audubon Society Tonasket Forest Watch, Pilchuck Audubon So-
ciety, North Cascades Audubon Society and Sierra Club Cascade
Chapter (collectively "PETITIONERS"), hereby petition the Of-
fice of Endangered Species, United States Fish and Wildlife
Service ("FISH AND WILDLIFE SERVICE"), for a rule:

(i) 1listing the North American lynx (Felix Lynx Canadensis)
of the North Cascades Ecosystem of Washington ("LYNX"), as an
endangered species, and

(ii) designating critical habitat for the Lynx.

This petition is filed pursuant to 5 USC Section 553(e) and
50 CFR Section 424.14 (1986), which obligate federal agencies
to give interested persons the right to petition for promul-
gation of a rule.

Petitioners are environmental, animal rights, wildlife, pres-
ervation and recreation groups, and collectively have thou-
sands of individual members throughout Washington and the
United States. The Petitioners' addresses and telephone num-
bers are listed on Exhibit "A" of this petition. If this pe-
tition is not granted, the conservation, environmental, pres-
ervation, biological, aesthetic and recreational interests of
the individuals who are members of the petitioners, will be
significantly adversely affected.

Lynx is currently a category 2 candidate. Personal communica-
tion to Mitch Friedman from Larry Schanks, Fish and Wildlife
Service, Denver Regional Office, June, 1991. The Lynx is in
imminent danger of extinction because of (i) an extremely
small population; (ii) an isolated habitat jeopardized by an
ongoing practice of fire suppression, and encroachment by
logging, roads, trappers and hunters; (iii) a very small prey
base to feed on; and (iv) limited or no protection from the
Washington State Department of Natural Resources ("DNR") and
the U.S. Forest Service ("USFS"). These circumstances satisfy
the criteria for protection under the Endangered Species Act.
Endangered Species Act, Section 4(a).

Because the risk of extinction is immediate, Petitioners re-
quest an emergency listing for the Lynx, as an endangered
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species, if the Fish and wWildlife Service will take more than
one year to adopt a final rule listing the Lynx.

EXTREMELY SMALL POPULATION

Prior to the invasion of North America by white people, Lynx
inhabited a wide range in the northern 48 contigquous states.
See the map which is Exhibit "B" of this petition. Lynx have
been (i) extirpated throughout most of their historical range
by hunting, trapping, and destruction and alteration of
habitat; and (ii) reduced to remnant unsustainable popula-
tions in nearly all remaining areas.

According to Dr. Maurice Honocker, a pre-eminent feline bi-
ologist: "at the end of the [Koehler] study period, it [the
north-central Washington population] was to my knowledge the
most viable Lynx population in the lower 48." Personal com~
munication to Mitch Friedman, August 12, 1991. The Okanogan
National Forest Plan ("ONF Plan") confirms that the lodgepole
pine areas of the Okanogan National Forest ("ONF") may con-
tain the largest concentration of Lynx in the 1lower 48
states. ONF Plan, 3-10.

But even this population is alarmingly small. Only 15 to 23
Lynx 1live in isolation in the North Cascades Ecosystem of
Washington ("CASCADES"). Koehler, 1988, p. 61.

Scientists believe that such a small population is at grave
risk of extinction from multiple causes. Populations of less
than 50 to 100 individuals are highly susceptible to inbreed-
ing depression, which reduces the fitness of succeeding gen-
erations. Thompson, 1991, P. 7 (copy attached to this Peti-
tion as Exhibit "c"). sSmall populations are also extremely
vulnerable to various uncontrollable and unpredictable events
such as fire and epidemic, which can kill the entire popula~
tion. Shaffer, M., 1987, p. 48.

Dramatically higher populations, perhaps numbering thousands
of animals, are required to ensure the viability of any given
species. See: Thompson, 1991, pPpP. 8-9, reviewing literature
on populations and viability of species. Other researchers
have uniformly concluded that the Cascades Lynx population is
extraordinarily susceptible to extinction, because of the ex-
tremely small number of individuals. Carbyn and Patrigquin,
1983, p. 266; Bailey, et al., 1986, p. 287.
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ISOLATED POPULATION

Even occasional migration of individuals from other popula-
tions, could substantially increase the long-term viability
of the Cascades population. Burkey, 1989, p. 79. But for all
practical purposes, the Lynx in the Cascades are isolated
from the only other populations which could possibly furnish
emigrants; namely the populations in British Columbia.
Koehler, undated, pp. 5-6 (copy attached to this Petition as
Exhibit "D"). See also: Koehler, 1987; Koehler, 1988, p. 61;
for locations of other Lynx populations.

The geographic and physical features which serve to isolate
the Cascades' Lynx are (i) densely-roaded, low-elevation,
arid lands, presently in range and agricultural uses to the
East; (ii) a lower elevation forest which is densely roaded
and heavily 1logged to the South: (iii) high alpine areas
without suitable habitat to the West; and (iv) a major high-
way (B.C. Highway 3) traversing both the higher elevation
forests and the arid lowlands of the Similkameen Valley to
the North. Historically, populations to the North may have
been a meaningful source of genetic diversity, or even a sub-
stantial source of individuals. Koehler, Exhibit "D", p. 2.
But now the Lynx to the North are themselves subject to seri-
ous losses resulting from hunting and trapping, and loss of
habitat (from pervasive logging). Koehler, 1985, p. 61;
Koehler, Exhibit "D", pp. 5-6.

EXISTING HABITAT AND FOOD SUPPLY

90% of the Lynx habitat in the Cascades is publicly owned and
administered by the USFS or the DNR. The balance of the Lynx
Cascade habitat is owned by ranchers and others. The critical
habitat consists of at least 1795 square kilometers. Koehler,
1988, p. 11.

The Lynx is a predator and the snowshoe hare is almost the
only prey of the Lynx. Koehler, 1988, p. 32. The snowshoe
hare population is extemely dependent on young lodgepole pine
for browse. Koehler, 1988, p. 32. A pattern of extensive fire
suppression in the Cascades for more than 50 years, has sub-~
stantially reduced the area covered by young lodgepole pine,
thereby reducing the population of ~the snowshoe hare.
Koehler, 1988, p. 56.

A substantial number of studies have demonstrated that Lynx
require more and more habitat as their prey base is further
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diminished. Koehler, 1988, p. 43, citing Brittell, unpub-~
lished Washington Department of wildlife report; Koehler,
1988, p. 43; ward & Krebs, 1985, p. 2821. Koehler found that
the sparse prey in the Cascades caused the male Lynx to range
over a territory averaging 562 square kilometers. oOn the
other hand, in Newfoundland, where the prey are much more
pervasive, the male lynx range over a territory averaging
only 10 to 20 square kilometers. Koehler, 1988, p. 43.

Koehler found that the average density of Lynx in the Cas-
cades is 2.2 animals per 100 square kilometers. The sparse
density in the Cascades, contrasts ominously with the densi-~
ties of almost 20 animals per 100 square kilometers found in
Alaska (Bailey, et al., 1986, p. 285) and Nova Scotia
(Parker, et al, 1982, p. 781), and the 8 to 10 animals per
100 square miles found in Alberta (Brand, et al., 197s, p.
419). The low density in the Cascades is directly related to
the low snowshoe hare population. Koehler, 19ss, P. 43;
Brand, et al., 1976, p. 419.

Low reproduction rates are a direct consequence of the large
territories and low prey bases. Parker, et al. 1983, p. 782.

conditions range from zero (0) to ten percent (10%). Parker,
et al., 1983, p. 782; Brand & Keith, 1979, p. 83s. When snow-
shoe hare are abundant, the birth rate was found to increase
to 71% to 79%. Koehler, 1988, p. 55, citing O'Connor, 198s.
When the Prey become Sparse, the adult birth rate has been
shown to decline from 88% to 37% (Koehler, 1988, P. 55, cit-
ing o'connor, 1986) and from 73% to 33% (Brand & Keith, 1979,
p. 838).

The impact of extraordinarily low birth rates is compounded
by very high juvenile mortality rates in the Cascades; namely
87.5% during the first six months of life. Koehler, 1988, p.
46. The high juvenile mortality rates are the result of the

Evidence of the very low prey base and resulting impact on
reproduction and survival rates in the Cascades, is the very
high mean average age; namely 4.5 years. Koehler, 19ss, p.
45-46. In areas where snowshoe hare were plentiful, the mean
average age may be as low as 1.6 years. Brand & Keith, 1979,
p. 839,

IMMEDIATE THREATS TO THE SURVIVAL OF LYNX

Fire, timber harvests and road construction each pose very

PE708N0O1l.doc 16-Aug-91 -5 -



ol bazien 3050852 SOLF : .
s sfroE 3@ suipsreve yrotiasd
oyt a<oda B b.{--ﬂu@.u"““ 0t s

v oyeyin epaT XAgI oissm add o
naidenl eyedanasid exagpe Jo 2

wn

) 5 Sl /
soapgn w47 ‘?eﬁem*'iﬂ
janel sHy 09w yleu ; £
ni Buaek = sHenlll erEinse OO vag glgrias UK
s (2
H

~ B

b

B

g L g
s Ui =

sl donE ool Wme (FES o H

=
~y IR
:|

Famian o) B § edd fae ({ASV G 459 4 [
1 ERL in 3 ey sdundG e fE Saunl 8s
| ST o L1536 iy ! spand 20 S0t A P - T £
is ) &8y o d B ol defargag “ LA BLLTEES

A SR 0. T D BT I A
T owiesl Rl LRE IS LD
- - . 015 oy 0 ~ 4
T 1 ..JE_ - £ o £
':'n-r’j BRfAY REDLILOIMD
'r‘:— 1':, i b " £ .')ll'

mwewr opilokh of
% N \‘3.-' gl ‘"‘.-i.f:l'iff( X0 (1
(e b 3
R e N ¥ o o - P 3 - o
stgnr L WO ! oaydge %o Ioscgrl A
ad? nl ewsuwn (T DhrsiEit TRER YWEEY R
&

_ w5 ;
211 F e snsood 2 ]l e goileek FE.S

: . &
w3 S04 @18 mAFSY (Ui el tneyyl dAokd edlf wh
PR T TE = velnmnd qs:sd garn Wol

B

< wapem) pniTivast Do oueld VaKq Wl ' :
C ~ :i‘a.u_h:,')rrwrjhf

B T T 20 S Yok I+ § (L Mg Forgbargose

VAR ST 2L 5
A LE3el _wﬂ Mam¥  LRYEsT B Jlsasa S R 1 - RO - T LQL
meee g il JLuildoely oUW mxsd 4&1*>ﬂr2 ewaiy megve ol
LEFEL mota 3 o€ .2Tney 8.1 28 wel wme md vBa SRh
346 I id ol 2TARSRT HAALS J
ya8v asoe i nad UsTEnon e Gl maaevEsd oD s

5 L wpbrfo D TESE 2



serious threats to the survival of the Lynx. Timber harvests
and road construction bring on a host of other threats. These
other threats are alluded to in this petition and are all di-
rectly related to increased human intrusion.

Suppression of naturally occurring fires in the Cascades has
been, continues to be, and is slated to remain, an integral
part of forest management practices. In the ONF, the level of
suppression varies with (i) the management prescription for
the zone, and (ii) an evaluation process which weighs the po-
tential loss from a fire, against the cost of suppressing the
fire. ONF Plan, 3-3. Under Washington State law, any uncon-
trolled forest fire, regardless of origin, is declared a pub-
lic nuisance and must be suppressed. RCW 76.04.750. 1In fact,
DNR's ‘'"primary mission [is] to protect forest land and sup-
press forest fires." RCW 76.04.165.

Continued fire suppression has created a large build-up of
fuel comprised of dead woody material. The tinderbox condi-
tions which arise during the Summer months could fan fires of
cataclysmic proportions, akin to those which recently ravaged
Yellowstone National Park. National Park Service Departmental
Manual 910 DMI; Recommendations of Fire Management Policy Re-
view Team, Fed. Reg., Dec. 20, 1988, P. 51196-51205 at
p.51199.  The USFS acknowledges:

"Fire suppression may slow natural succession,
change species composition, and increase fuel ac-
cumulations, which increases the risk of a
catastrophic wildlife." ONF Plan Final Evironmental
Impact Statement ("FEIS"), IV-50.

[The result of] "[i]creasingly effective fire sup-
pression techniques and capabilities over the past
80 years

will be more large,‘é;tastrophic, and stand de-
structive fires." ONF Plan FEIS, IV-39.

Obviously, any large fire could destroy large numbers of Lynx
and dramatically reduce their remaining habitat. In addition,
areas destroyed by a significant fire would not provide opti-
mum conditions for snowshoe hare for two to three decades.
Koehler & Brittell, 1990, p. 2. Hence, significant fire would
kill innumerable Lynx from heat, smoke, loss of habitat and
loss of prey.

But neither the USFS nor DNR, plan any prescribed or con-
trolled fires to reduce the threat posed by over 50 years of
fire suppression in the Lynx' critical habitat. See for ex-
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ample, ONF Plan FEIS I-13,14; 1IV-50.

Moreover, the Tonasket Ranger District in the ONF and the
DNR, collectively plan five very large timber sales in
critical Lynx habitat in the Cascades. Four of the sites ad-
join each other, in the midst of critical habitat. See Ex-
hibit "E" attached to this Petition. The fifth site (the
Hell's Hole Sale) is reported to be a known denning area.

In addition, the Twisp and Winthrop Ranger Districts in the
ONF, recently issued a public scoping letter for proposed
timber sales in the Granite Mountain roadless area. This
roadless area is in the southerly portion of the Lynx
critical habitat. The details of these proposed sales are
presently unavailable, but the scoping letter states there
may be as many as 64 miles of road built on 4,400 acres! 2
copy of the scoping letter is attached to this petition as
Exhibit "pn,

According to the Department of Wildlife, other recent and
pending timber sales:

"...will result in the severe depletion of the
lynx population in the areas from Starvation moun-
tain and Beaver meadows south to the Loup Loup pass
area. This area has historically contained good
numbers of lynx." Brady, unpublished 1letter to
Winthrop/Twisp Ranger Districts (copy attached to
this petition as Exhibit "G".

The ONF Plan FEIS states that the timber harvest can help the
Lynx and its prey by furnishing early successional (i.e.
young lodgepole) forests. ONF Plan FEIS, I-26. However, the
Washington Department of Wildlife (formerly Department of
Game) ("DEPARTMENT OF WILDLIFE") previously pointed out that
intensive timber management will not protect the existing
Lynx population because of "...roads, intrusion and rapid
loss of cover...". ONF Plan FEIS, Appendix M-4-50.

According to Koehler:

(1) (Contrary to the USFS's conclusions in the ONF
Plan FEIS), the Lynx population will decline, not increase
during the first few decades of the ONF Plan:

(ii) Not for 20 or 30 Years in the life of the ONF
Plan (assuming the Lynx survive that long) is there any pros-
pect that the Lynx population may increase. Koehler, Exhibit
"D"’ p. 5.
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In the ONF, the USFS does not adequately address the obvious
and permanent impacts from planned road construction:; namely
disturbance, harassment, trapping and hunting. See for ex-
ample, ONF Plan 3-4; 4-50; and especially 4-81 which contains
the prescription for the management of Lynx Management Area
12 (the only area in the ONF in which the USFS provides any
protection for Lynx). The prescription for Lynx Management

Area 12 1is ",,.,provide habitat to support a stable 1lynx
population...while accessing the area for the purpose of
growing and producing merchantable wood fiber." On Washing-

ton State lands, the DNR does not even give lip service to
addressing the impacts of roads.

Roads provide "a tempting new opportunity...to poachers which
cannot be entirely controlled by current levels of law
enforcement." Brittel, unpublished memorandum to B.
McLaughlin & R. Duff (copy attached to this Petition as Ex-
hibit "H").

Roads provide access for hunters and trappers, destroy
habitat for the snowshoe hare, and substantially disrupt Lynx
travel and hunting patterns. Koehler & Brittell, 1990, p. 3.

Similarly, Dr. Jack Ward Thomas noted:

"Not only do agencies lack money to do an adequate
job of enforcing road closures, but political pres-
sures often make it difficult for managers to close
roads once they are built." Thomas, 1990, page 3.

Even the USFS concedes that:

"Once roading and prescribed management activities
occur the physical, biological and social resource
conditions will likely be permanently changed." WNF
Plan FEIS, IV-8.

In the ONF Plan FEIS, the USFS acknowledges that once roads
are constructed, wildlife are substantially more wvulnerable
to hunting (legal and illegal) and harassment (especially
during periods of reproduction and rearing). FEIS, 1III-74,
79. The FEIS also acknowledges that closures of roads in the
ONF cannot be effectively enforced because of the topography
and "public attitudes". FEIS, III-74 and 75.

The Department of Wildlife voices similar concerns about
roads:

"Of all forest management tools, roads are the most
impacting...Many species of wildlife, but

PE708N0Ol.doc 16-Aug-91 -8 -
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particularly big game, avoiq roads; effective
habitat and carrying capacities are reduced.
Populations are lowered..." wNF Plan FEISs, K-325,
326.

"Roads impact wildlife significantly. Their con-
struction removes habitat directly. Their use
causes avoidance by many species...[and]...lead[s]
to wildlife loss...we strongly recommend retention
of the maximum possible roadless area..." (emphasis
supplied, ONF Plan FEIS, Appendix M-4-51).

Neither in the ONF or elsewhere, does the USFS employ the
recommendations of the wDw concerning roadless areas.

Lynx tracks are virtually indistingquishable from the much
larger cougar. Traps legally set for other fur-bearing mam-
mals indiscriminately Snare Lynx. Koehler, 1988, p. 60. The
traffic generated by hunters and trappers and their hounds,
disrupt the Lynx and their travel patterns. Koehler &
Brittell, 1990, p. 3.

Nevertheless, to harvest a mere 26 to 30 million board feet
of timber, the ONF and DNR collectively plan to construct
about 95 to 100 miles of new roads (See Exhibits "E" ang "En
attached to this petition) in the critical habitat ("KOEHLER
STUDY AREA") studied by Koehler and Brittell (Koehler, 1988,
p. 11).

Unless the Lynx is declared a threatened or endangered spe-
cies, the USFS and the DNR will not scale back or otherwise
mitigate their road construction plans. Substantial reduc-

GOVERNMENT 'S VOLUNTARY RESPONSE TO LYNX PLIGHT
IS TERRIBLY INADEQUATE

At the present time, the Department of wildilife is the agency
most responsible for ensuring the survival of the Lynx. This
is regrettable, because (i) the Department of Wildlife still
authorizes hunting Lynx by any means; (1i) the Department of
Wildlife can only advise, andg cannot obligate the USFs nor
the DNR to comply with the Department of Wildlife's recom-
mendations; ang (1ii) there is no coordinated effort between
the Department of Wildlife, the DNR and the USFS, to protect
the remnant Lynx population.

PE708N01.doc 16-Aug-91 -9 -
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In 1991, the Department of Wildlife will issue three permits
for hunting Lynx in Okanogan County. Washington Department of
Wildlife 1991-1992 Hunting Seasons & Rules, p. 31. Although
the Koehler Study Area was excluded, this represents a 50%
increase over the two permits issued in the previous years!

Under current Department of Wildlife regulations, hunting and
trapping of Lynx is permitted in Okanogan County, from Novem-
ber 27, 1991 to January 15, 1992. Washington Department of
Wildlife 1991-1992 Hunting Seasons & Rules, p. 31. Given the
skeletal population which presently exists, and the "unfavor-
able" prospects for the survival of the population, neither
continued hunting nor trapping of the Lynx can be Jjustified.
Koehler, Exhibit "D", p. 6.

Local and regional representatives of the Department of wild-
life have made numerous recommendations to the DNR and USFS,
to ensure the continued survival of the Lynx, but to no
avail. These recommendations include: do not harvest <timber
until all the Lynx habitat is mapped; do not convert existing
stands of timber; build dead-end roads, not loop roads; dis-
perse timber harvests over a longer period of time and over a
larger area; and preserve horizontal cover. Koehler &
Brittell, 1990; Brady, Exhibit "G".

As examples of the absence of any coordinated effort to ad-
dress the plight of the Lynx: (i) the DNR offered no input on
the ONF Plan; and (ii) nearly all of the recommendations made
by the Department of Wildlife concerning the ONF have been
disregarded by the USFS. See ONF Plan FEIS:; Brady, Exhibit "

G"; Brittell, Exhibit "n@,.

The Lynx presently have limited protection in two portions of
the Cascades. One area is Lynx Management Area 12 in the ONF,
which is the situs of the most viable concentration of Lynx.
Honocker, personal communication to Mitch Friedman, August
12, 1991. But even in the ONF, only 79,400 acres of habitat
are to be managed for the benefit of the Lynx. ONF FEIS,
II-102. Furthermore, Lynx Management Area 12 does not include
all of the essential Koehler Study Area. See Exhibit "1®
of this petition. And given the conclusions reached by
Koehler (and referred to in subparagraphs (i) and (ii) on
page 7 above), there are grave doubts about the benefits re-
alized by the Lynx even in the area designated for their ben-
efit.

Some other protection is afforded the Lynx by the Department
of Wildlife's closure of the Koehler Study Area. Washington
Department of Wildlife 1991-1992 Hunting Seasons & Rules, p.

PE708NOl.doc 16-Aug-91 - 10 -
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57. The closure is limited to a ban on hunting and trapping,
and has been in effect for approximately 11 years. Koehler,
1988, p. 59. But this area is only 1795 square kilometers
(Koehler, 1988, P. 11), and does not include all of the es-
sential habitat for which protection is sought in this peti-
tion.

Neither Lynx Management Area 12 in the ONF, nor the Lynx clo-
sure area (Koehler Study Area) established by the WwDW, is
large enough to ensure the survival of the species. This con-
clusion is borne out by two studies in Alaska, which demon-
strate, the sanctuaries must be large enough to protect the
Lynx during their periodic forays from their customary
ranges. Bailey, et al., 1986, p. 288; Ward & Krebs, 1985, p.
2823. Furthermore, a study of a substantially larger 2,955
square kilometer preserve (in Riding Mountain National Park,
in Manitoba), concluded that the preserve was not large
enough to support a viable lynx population. Carbyn &
Patriguin, 1983, p. 266.

CONCLUSION

Given the pending threats to the continued existence of the
Lynx of the Cascades, the Department of Wildlife's failure to
ban hunting and trapping of Lynx, and the Department of
Wildlife's inability to 1imit actions by the USFS and the DNR
which have and will continue to reduce and degrade Lynx
habitat (and consequently have and will continue to reduce
the Lynx population), it is incumbent upon the Fish and wila-
life Service to adopt a rule listing the Lynx of the cas-
cades, as an endangered species.

Given the pitiful steps taken by the USFS and DNR which col-
lectively own nearly all the Lynx habitat, it is incumbent
ubon the Fish and Wildlife Service to designate as critical
Lynx habitat, all of the publicly owned lands in the Cascades
which are suitable Lynx habitat.

Dated: August 16, 1991

1

Y submitted,

» ipperman,
Attorney for all Petitioners,
Sierra Club, cCascade Chapter
Legal Committee
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EXHIBIT "A"

PETITIONERS' NAMES, ADDRESSES AND TELEPHONE NUMBERS
\

National Audubon Society, Washington State Office, P.O0. Box
462, Olympia, WA 98507, Attn.: Jim Pissot, (206) 786-8020

The Humane Society of the United States, 2100 L Street Nw,
Washington, DC 20037, Attn.: Dr. John W. Grandy, Vice
President, (202) 452-1100

Defenders of Wildlife, 1244 19th Street NW, Washington, bDC
20036, Attn.: Jon Holst, (202) 659-9510

Greater Ecosystem Alliance, P.O. Box 2813, 120 Prospect
Street, Suite 9, Bellingham, WA 98227, Attn.: Mitch Friedman,
President, (206) 671-9950

Friends of the Loomis Forest, 790 N. Pine Creek Road,
Tonasket, WA 98855, (509) 486-4135

Methow Valley Forest Watch, P.O. Box 153, Twisp, WA 98856,
Attn.: Mary Lockman, (509) 997-0154

Save Chelan Alliance, P.0O. Box 1205, Chelan, WA 98816, Attn.:
Sandy Bryant, President, (509) 687-3180

Lower Columbia Basin Audubon Society, 9016 Sunset Trail,
Pasco, WA 99301-1675, Attn.: Rick Leaumont, Conservation
Chair,

Tonasket Forest Watch, P.O0. Box 313, Tonasket, WA 98855,
Attn.: Dave Kliegman

Pilchuck Audubon Society, c¢/o Bonnie Phillips Howard, 7207
Lakewood, Stanwood, WA 98292

North Cascades Audubon Society, P.0O. Box 5805, Bellingham, WA
98227, Attn.: Greg Mills, President,

Sierra Club Cascade Chapter, 1516 Melrose, Seattle, Wa 98122,
Attn.: Mark Lawler, National Forests Chair

Correspondence concerning this petition should be sent to:
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Mark Tipperman

1402 S.E. Everett Mall Way
Everett, WA 98208

Tel. No. (206) 745-1786
Fax No. (206) 742-9255

-and-

Mitch Friedman

Greater Ecosystem Alliance
P.O. Box 2813
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Figureil; -Diétribution map of lynx in the western United States and
Southwestern Canada (stippled shading after Hall and Kelson

- .1959) with the Wyoming distribution emphasized (diagonal
shading after Long 1965). ' '
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Introduction ~ -

Wl PR - . 2
ad el L pd o Teel i - .

"The purpos'e" of thls paper is to review.(briefly) the "state of the art" in conseivation

; blology as’it pertams to the determmauon of minimum viable populauons (MVPs), and to
i prov:de recommendauons for conductmg populatxon viability analyses pursuant to petmons
N filed under the Endangered Specxes Act (ESA). The paper was prompted by five petitions

dlrected to the National Marine' Fisheries Semce in the spnng of 1990 for protecnon of

certain stocks of Pacific salmon (Oncorhynchus spp.), and so may be biased to some extent



“’{ towards methods or results of particular relevance to conservanon of salmon stocks One
| techmcal point should be noted early on: when the ESA refers to "species,” it does not refer .
to true (1 e., taxonorme) species only, but also to subspecies and even to "distinct population
segments. The problem of what constitutes a speaes under the ESA is addressed by
Waples (1991), and will not be reconsidered here. The reader should note that the present
. paper’s use of the terxn "species” in the context _of the ESA should be interpreted in the

legal, not the biological, sense.

Among the many terms used in the ESA, two of the most important are ”endangered"
and "threatened.” The ESA defines an endangered species simply as one which is "in danger
of extinction", while a threatened species is one which is "likely to become an endanéered,
species within the foreseeable future.” This language leaves a key question unanswered:

. what constitutes danger of extmctxon" Accordmg to Websters dictionary, danger is a
generic term implying "exposure or liability to m]ury, loss, pam, or other evil" It is
distinguished from peril in that danger does not necessarily imply a sense of immediacy; in
other words, danger can e‘ncompass events far in the future. Unfortunately, this makes it

po_ssrble to argue that all species are in danger of extinction, since our solar system has a

'. Q,ﬁ-.l,nie hfe__ expectancy __.f}bsent divine mtervennon, eventual extinction of all spec_ies is more

<°€ a certamty 't'_llranla da_nger (den Boer _1968, Soule and Simberloff 1986). Obviously, this

&%s} not what Cong_ress_ had in mind when it passed the ESA, but it leaves open the question

E .-é{(of how soon .and how i}i__l_c_el_y_'extinction.l must be before. a finding of endangerment is

warranted.

JuJ
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i Begmmngl with Hooper (1971), ‘Shaffer (1981) and szburg et al,’ (1982),.

¢ conservanon bxologlsts have argued that the process of extinction is mherently stochastic,

'and that endangerment should therefore be defined probablhsncally, that is, in terms of the

probabthty of persxstence over time. Such a definition could take the form of some measure
of central tendency of extinction time (as in the birth-and-death process' model deacribed
below), or by specifying a threshold probability of persistence p over a specified time
horizon ¢ (as suggested by Shaffer). For example, MVP might be defined as the population

size (N) at which the probability of persistence over the next 100 years is 95%. Determining

appropriate threshold p and ¢ values, however, is not a trivial undertaking.

Conservation biologists have attempted to simplify the task of understanding
population stochasticity by dividing it into a number of subcomponents. May (1973) first

distinguished between demographic and environmental stochasticity, and Shaffer (1981)

‘ suggested that stochastic effects due to genetics and catastrophes should also be considered

" separately. Demographic stocha_sticity' arises from the fact that populatfons consist of

individuals, each of which is subject to demographic' processes that can be treated

i probahilisticaliy (e. g, death in any given year). Environmental stochasticity is a means of
J rmterprenng unpredxctable changes in vital rates. Genetic stochastxcxty is used to account

for changes in gene frequencxes due to founder effect, drift, or mbreedmg Catastrophes are

extreme events (e.g., floods, fires, and_ droughts) ‘that can be thought of as occurnng

- randomly. Unfortunately, to date no model has been developed that integrates all four

; conlponents satisfactorily (Shaffer 1987). For example, models that exnphasfze Idernographic
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' ', and envu'onmental stochasucxty typlcally deﬁne an MVP dxrectly in terms of probabtlrty of -
' :persrstence However, thxs relatlonshlp is only 1mpltczt in models that emphasme geneur:
3 stochasuctty, wlnch tend to relate MVP duectly to threshold levels of mbreedzng or genettc

_ vana:bthty (Ewens et a.l. 1987) Undoubtedly, there is a relauonshxp between these two

approaches, but 1t has yet to be formalized.

Although it has so far proven impossible to incorporate the four sources of

_ Stochasticity into a single model, it does appear that some consensus exists regarding their

relative importance, except for catastrophes. Of the other three sources, the conclusion

seems to be that environmental stochasticity is the most important and genetic stochasticity

 is the least, except in very small (N <100) populations (Shaffer 1987, Lande 1988).

Catastrophe-related stochasucxty is somewhat problemat1c, and has not always been

handled umformly in the hterature Usually, catastrophes are 1gnored or treated on an ad

e _hoc or subjecuve basts (e g., Marcot and Holthausen 1987), although a few formal modelmg

__‘efforts have been attempted (Hanson and 'I'uckwell 1978, Ewens et al 1987) Goodman )
' _;. (198’7a) and Stmberloff (1988) suggest that it is not clear how catastrophes are to be
'_I :_T_dxstmgmshed from outhers along the spectrum of envuonmental vanabrhty Slmberloff

;:_(1988) and Thomas (1990) contend that' the 1dxosyncrat1c nature of true catastrophes

w ot
-
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. If the above discussion gives the appearance that key issues surrounding species
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‘endangerment are largely unresolved, it is not without reason. To some extent, the

explanation can be found in the fact that the discipline of conservation biology is quite new.

Establishing a precise birthdate is difficult, but it has been suggested (Brussard 1991) that

: V'the discipline began in 1980 with the publication of Conservation biology: an evolutionary-

ecological perspective by Soule and Wilcox. It is also interesting to note that the Society for

Conservation Biology did not even exist until 1986, with its journal Conservation Biology first

appearing in 1987.
Overview of Approaches to Population Viability Analysis |
The task of determining whether a population is in danger of extinction is usually

accomplished by conducting a population viability (or vulnerability) analysis. Such analyses

can be. categonzed in terms of quahtatxve and quantxtatlve approaches Quahtatlve

‘ approaches are less wxdely used in the hterature (an example is glven by Bexswrnger 1986)

These approaches usually mvolve checkhsts of charactenstrcs that are thought to be typxcal
of endangered populations (e.g., Ehrenfeld 1970 Adamus and Clough 1978 Soule 1983)
If the population exhiblts enough of these charactenstlos, it might be consxdered a candxdate.

for specxal protectxon. However, decrdmg whxch charactenstlcs to mclude or what

| consututes a crmcal number of checks is an open questron. Bndgmg the gap between

quahtatxve and quanutatrve approaches are scormg systems (e 8es Sparrowe and nght 1975)
that mvolve the assignment of subjectxve welghts to the charactenstxcs on the checkhst.

Although quahtatxve mformatxon and sub]ecuve Judgments can be legmmate and 1mportant
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| t°°15 m assessms populatwn wablhty (see stcussxon), quahtauve approaches per se will not
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be consxdered further in the present study N T

Quantrtatxve approaches are more common. _These approaches can be categonzed
convemently in terms of theu' relattve comple:nty Along the sxmple-to-complex spectrum,
quanutattve approaches can be dmded into three groups 1) pnmmve rules of thumb" 2)

»-._

. analyttc approaches, and 3) sxrnulatlon approaches
Rules of Thumb
A number of authors have noted the 1mposs:bthty of estabhshmg 2 "magic number”
above which populatlons are "safe" and below wlnch they faoe an unacceptable risk of .
. extmctxon (Gilpin and Soule 1986, Soule and Stmberloff 1986 Ewens et al 1987 Goodman
1987a, Sxmberloff 1988, Thomas 1990) Nevertheless, 1t has also been argued that scxennsts

_ owe itto the rest of soctety to provrde rules of thumb even when they know that someumes

the rules wrll be mxsunderstood and m.rsused' (Soule 1987)

i = S : .‘- A s 234 v - PEyen e

The "50/500" rule ot' thumb untlally advanced by Frankhn (1980) and Soule (1980)

Bl o
N

e comes the closest ot‘ any to attammg magtc number" status (Wllcox 1986) Th:s rule

- L

..._;

prescnbes a short—term effectxve populatxon sxze (N,) ot‘ 50 to prevent a0 unacceptable rate

',.' ..--.'.' ;—d #:

of mbreedmg, and 2 long-term N of 500 to rn_amtam genettc vanabxltty The N ==50

7 ) T ---.- L3 <1 [ ‘_.."._. i -..[..u.x

f prescnpuon (termed "the basic rule by Soule 1980) corresponds to an mbreedmg rate of

[‘)If"‘_4 i . eEre [t pAr i
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- 719 per generation, approximately half the maximum rate tolerated by domestic animal
" breeders. The N,=500 prescription is an attempt to balance the rate of gain in genetic
variation due to mutation with the rate of loss due to drift, and is based on a genetic study

of bristles in Drosophila.

Aside from the fact that both parts of the 50/500 rule can be attacked on theoretical
‘grounds (e.g., the N,=500 prescription is based on a model that assumes no natural
- selection [Simberloff 1988]), it is beset by anéther difficulty: - the rule is cast in terms of
~ effective population size N,, which often differs greatly from actual population size N. A
 vast literature addresses the problem of relating N, to N. A standard text is Crow and
Kimura (1970); Franklin (1980), LaCava aﬁd Hughes (1984), Lehmkuhl (1984), Reed et al.’
' (1986), and Simberloff (1988) also present accessible introductions to the subject. Factors
“ that cause N, to diverge from N include ﬂuctuétion in population size, existence of
. overlapping generations, variance in progeny humber, and skewness in the sex ratio. Still
another problem with the 50/500 rule is that efféétive population size is defined differently
in thg contexts of inbreeding and vari‘arice (e.g., Ewens 1982), meaning that the two parts

- of the rule are not strictly compax;able. = :
Thus, evéh_if the 50/500 rule is éccepted, an important question r'em.ains: what is
MVP? Soule (1980) indicates that the N,/N ratio is commonly 25%-33%, giving short- and
. - iong-term MVPs of 150-200 and 1500-2000, respecﬁve_ly. Salwasser et al. (1984) prescﬁbe

an a;/erage population of at least 1000 adults. Wilcox (1986) suggests that 25% is "a good
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guess for the N_/N ratio in most natural populatxons, tra.nslatmg mto a short-term MVP of
A 200 and a long-term MVP of 2000 More conservatxvely, Nelson and Soule (1987) mdxcate

~ that the N_/N ratio might be in the nexghborhood of 10% for fish pppulat_xgn_s, giving a

short-term MVP of 500 and a long-term MVP of 5000. Belovsky (1987) indicates that an
MVP in the range of 1,000-10,000 should be sufficient for a mid-sized vertebrate species.

- Shaffer (1987) suggests that "the actual number of individuals neeessary to Provide effective

: populations of several hundred will range from the upper 100s to the 1000s, perhaps rarely

to the 10,000s.” Soule (1987) suggests that MVPs for vertebrate species should be in the

- "low thousands" or higher (although he also insists that this "is not a rule of thumb").

- Thomas (1990) offers 5,500 as "a useful goal," but suggests that where uncertainty is extreme

"we should usualiy aim for population sizes from several thousand.to ten thousand.”

Appendix B presents an approach based on the concept of elasticity yv_herein 5,000 again

- emerges as a reasonable MVP. As Soule (1987) points out, it is reassuring that the results
4 of these studies tend to be coh_firmatory, converging on a genexjc. MVP. within the 1,000-
g .~10,000 range. - - . . - . s .

bt S NN Sl ey [ldin, ] Tx L s

-

It should be noted that although the 50/500 rule turns _out to. be somewhat

ambiguous, it has been used in a number of practxcal applxcatxons (e.g., Reed et al. 1986,
~ .:Reed et al. 1988, Salwasser et al. 1984, Lehmkuhl (_1984), _I@Cgvg_?.nd Hughes ‘(1984), and

"-':".".z:‘_;-_the recov_ery plan for-the red-cockaded woodpecker [cited'hy;,_lg.gxx_c_le_ 1988])) . _. ; o
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Two typeS of models have received by far the most attention of the various possible

analytic approaclies: the birth-and-death process model and diffusion models..
The Bﬁthgand-Death Process Model

The basic assumption 6f the birth-and-death process model is that the numbers of
births and deaths occurriﬁg within a population (over a sufficiently short time increment)
can be thought of as independent Poisson distributed variables. Fora population of size N,

the probabilities of a birth or a death occurring during a short time increment At are by/VA¢-

and d\NAt, respectively, where by and dy, are density-dependent per capita birth and death

rates.

The expécted time to extinction for a population of size N, T(N), is equal to the

- mean ume needed to reach a-size of either N-1 or N+1, plus a weighted sum of the

. expected times to extinction corresponding to populations of size N-1 and N+1:+ ..

e o

: B
Foape oa 3 SAIE ST

1 [ by ]T(N+1) +[ Ay ]T(N—-l). (1)

T_(M_ T (By+rdy N ' | By+dy Dy + dy

SR e L

The feqursive nature of Equation (1) allowS_it to be solved as follows:
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T(N) 32;;1_21',,11— | R (2) .

where K is an upper reflecting barrier that may or may not be finite (note that K is npt
simply carrying capacity; it is an absolute upper limit to populatien size).

The birth-and-death process model dates from the work of Feller (1939), who treated
the birth and death rates as density-independent constants and set K at infinity. Kendall

(1948) introduced the idea of variable birth and death rates, but viewed them as time-

'rather than density-dependent. Bartlett (1960) introduced the tdea of densxty-dependent

birth and death rates. MacArthur and Wilson (1967) introduced ‘the concept of finite K, but .

again viewed the birth and death rates as being density-independent. below thxs ceiling, -

Richter-Dyn and Goel (1972) and Goel and Richter-Dyn (1974) presented a p-artic_ularly

thorough analysis of the model in its general form.

N e Rt SRR y (. 1
5 o e L It R P - a8 o R
- - . . N ] - P LS - L

w iy R Leigh (1981)' and Gbodman (19875, 1987b) noted that the treatment of births and

it deaths as mdependent Porsson dtstnbuted vanables permrts bN and dN to be reparametrized

in terms of an expected mstantaneous growth rate rN and the variance in that growth rate

IN=bN_d”’. _‘_-. : - (3)



TR ‘M‘W' S

B e e S b T e 0 T

12
S Rt e
b,+d
' Substitﬁtiﬂg Equations (3) and (4) into Equation (2) gives
N X J-1 ' '
2 kV,+r, (5)
(N = — ek = X1, :
- g 12-21-1[(“]":‘1'1) )k- ka-rk]'

Mihouéh Equations (2) and (S) are formally idenﬁcal (via Equations [3] and [4]), the-
formulation given by Equation (5) is generally credited with taking the model out of the
realm- of mere dexhographic stochasticity by emphasizing the role of environmental

' stdchakt.icity';ixi determining the instantaneous growth rate (Goodman 1987 and 19870,

" Shaffer 1987)- "7 it T &

o~

Because thé'probabili't}' density function (pdf) of persistence time is usually highly

skewed, the' mean -t'ime to eitihction is sometimes difficult to interpfet (Goodman 1987b,

" Lande and Orzick 1:9_88,‘Feréori' et al. 1989, Dennis et al. in press). The main reason for
: ‘ché}acteriiing the ‘birth'-and-aéat.h process model by T(N) f’ather than p and ¢ is that an
' explicit formula’ for the pdf of extinction time is unavailable for this model (although

 Richter-Dyn 'anci"éoé_l [1972] did give formulae for an arbitrary moment of the pdf, the
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 possibility of constructing the full pdf from its moments apparently has not -been-exi)lp_;ed'

in depth [Shaffer and Samson 1985]).

- Iiitfusion Models

Precursors to the diffusion approach include works by Kerner (1957 and 1959), and
Lewontin and Cohen (1969). In the diffusion approach, a deterministic differenfial equation

is modified by incorporating a term that represents Gaussian white noise. Density-

~ dependent models have been considered by Levins (1969), Goel et al. (1971), May (1973),

Goel and Richter-Dyn (1974), Tuckwell (1974), Feldman and Roughgarden (1975), Ludwig
(1975), Beddington and May (1977), Turelli.(1977), Hanson and Tuckwell (1978), May et.
al. (1978), Polansky (1978), Roughgarden (1979), Tier and Hanson (1981), Ginzburg et al.
(1982), Braumann (1983),. and Denms and Patil (1984). Although the stationary pdfs of

;_many densuy-dependent models have been derived, the pdfs of extinction time are not

e 3 3 £ !

typically obtamable in- exphcxt form (an exception is the logistic model with random

‘variation in the intrinsic growth rate, as shqwn by Goel and Richter—Dyn [1974], Tuckwell

o

' [1974], Tier and Hanson [1981], and Ginzburg et al. [1982])." . . . .cco.

% - etan ey s ? F : -
¥ + i 2 St e - CRS TP e el S SO o e EOS
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| ; ~- . The simple case of stochastic exponential growih was considered by: Levins (1969),

it

Goel et al. (1971), Capocelh and Riccardi (1974), Tuckwell (1974), Keldmg (1975),. Turelli
(1977), szburg et al. (1982), Braumann (1983), and Lande and Orzack (1988) Most

recently, 1t has been explored thoroughly by Denms et al, (m press) The main assumptlon
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N m the densxty-mdependent dtifuswn model is that X(t)=ln[N(t)] can be modeled as a.

ey -

S i b—A Ry

: Wtener process (Browman motton) w:th drift (1n thxs sectton, upper case letters will denote

state variables, while lower case letters will denote p_artteular values of those variables). The

process is characterized by an infinitesimal mean p and‘ an inﬁnﬁtésirpal variance o that

define a normal transition pdf for X(f). Specifically, the pdf of X(¢) given an initial condition

X, is normal with mean x,+ it and variance o%.

The diffusion process can also be expressed as a stochastic differential equation:

dN(t) = IN(Et)dEt + oN(t)dW(t), S ()]

where dW(¢) ~-normal(0,d¢), and (in the Ito calculus) the instantaneous rate of ix_tcre'ase ris

given by
'r=“+—'., o .(_7)'

The pdf of extmctton ("first passage ") time can be wntten explxcxtly' it 1s the i mverse

Gaussxan dtstnbutton (e 2. Johnson and Kotz 1970), whxch is very sumlar to the lognormal

for a given mean and vanance. If x, is the log populatxon size correspondmg to effecuve

' 28!
extmcuon (e g, a smgle mdtvxdual), deﬁne xd as XgXe: Then the pdf of ﬁrst passage txme is

given by
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observatmn in the nme senes.

.thh an algonthm for calculatmg the cumulattve form of Eqnauon (8)

Al
[

One of the most important contributions of the paper by Dennis et al. (in 'p't"ess)‘ is

its presentation of methods for obtaining maximum likelihood estimtes of 1 and o

n u
-3 :
g = in Dy [y Solt S50 0ns® ; .(13)
t:q )
and

Inn,/ng ) - Bt~ ¢, )] b 8 :
52 [ 1/ By 1= C4 : (14)
; Q(ci" t.l 1) k L . . .

L e-4v e S 3.
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where B is the sxze of the populanon at time ¢, and q 1s the mdex of the temnnal
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Denms et al also present methods for conductmg a vancty of stansttcal tesm, along

~
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| Rtver chmook salmon (Oncorhynchus tshawytscha, Lee and Hyman 1991)

i1y

Included in this category are a number of fairly generic computer programs. Among

_ these is the model known as ONEPOP_' (Gross et al. 1973), which has been applied to -

populations of elk (Cervus elaphus), mule deer (Odocoileus hemionus), 'pr_onghorn

(Antilocapra americana), and bighorn sheep (Ovis canadensis) (Pojar 1981). The POPDYN
rnodel of Samson et al. (1985) has been applied to species as diverse as grizzly bear (Ursos
arctos), gopher tortoise fGopltems ponpltémus), and northern spotted owl (Strbt occidentalis
caurina) (Simberloff 1988). The RAMAS model (Ferson et al. 1?88) has been applied to
populations of brook trout (Salvelinus fontinalis, Ferson et al. 1989), Atlantic cod (Gadus
morhua, Ginzburg et al. 1990), and giant kelp (Macrocystis pyrifera; Burgman and Gerard-
1990). In addition to these more-or-less generic models, many simulations have been
developed for specific populatrons, for example Yellowstone grizzly bear (Shaffer 1978,
1983; Knight and Eberhardt 1985 Shaffer and Samson 1985) New Mexico bighorn sheep

- (Ovis canadenszs mexicana, Watts and Conley 1981), northern spotted owl (Marcot and

. Holthausen 1986), chhlta Mountatns btson (ston bzson, Shull and Ttpton 1987), and Snake

,4.__-..,.

g5 ~enme

- Since each of the above models 1s shghtly dtfferent from the others, lt is probably not

o mstrucuve to summarize the detatls of any parttcular model here. Instead lt mxght be more
' helpful to consxder a genertc exa.mple of how different types of stochasttcxty are dealt with

_ ina typtcal simulation approach. The treatment of surv:val rates provxdes such an example.
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"To begin with, a survival rate s is defined. In a deterministic model, the number of survivors

“is obtained anfply' b'y-uiu-ltiplying the pre-inbiialit); number N by s, as if the survival rate

were acting on the pbpulation en masse. One way to stochasticize this simple process is.to

assume that the given survival rate acts as a probability of survival applied to each individual

| (as oppdsed to the aggrégate population). In this case, the number of survivors is a

binomially distributed event (e.g., Deriso and Parma 1988). Although the expected number

of survivors is the same as in the deterministic model (sN), the variance is no longer zero

- but s(1-s)N. Basically, this approach involves incorporating demographic stochasticity into

* the model.

[

Alternatively, one could inéorporate environmental stochasticity into the model by-
allov?ing s to vary _raﬂdomly from year to year (where s is once again applied to the
aggrégate population). Since by definition s is between zero and one, a natural way to
incorporate environmental stochasticity into the survival process is to draw s at random from
a beta distribution with a specified meaﬁ and variance (given by the a aﬁd b parameters of
the distribution).

Yet again, one could ihcotporate both demographic and enviroqmental stochasticity

into the model by viewing the pdf of survivorship as a binomial-beta distribution (e.g.,

* Boswell et al. 1979), wherein the rate term in the binomial distribution is mixed via a beta
 distribution. For example; this is the ‘approach used by Lee and Hyman (1991). In the

- special case where the a and b parameters of the beta distribution take integer values, the
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bmomal-beta dxstnbutron is eqmvalent to the negatxve hypergeornetnc (Boswell et al. 1979)

N D PR T e 5,

Use of. the bmomxal-beta increases the variance in the number of survwors (relauve to

| _I_ex_ther_t_he binomial or beta), but agam preserves the integrity of the _mean. :

. An alternative to the above methods is to treat the survival rate as constant and
apply a multiplicative; lognormal error term (e.g., Peterman 1981). However, using any of
.the above methods has a logical advantage over the lognormal noise approach in that the

above approaches prevent the number of survivors from exceeding N. .

B RN Rt

Finally, it is important to remember that although the discussion here has focused
on a single survival rate, in principle every parameter governing every popuiation process,
(e.g” growth, fecundity, migration, survival, etc.) could be considered probabilistically. At

the extreme, one could even treat the variance estimates themselves probabilistically.

. Discussion . ... - . .

.......
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. ... The relatwe ments of the three general quantrtauve approaches outlxned above (mle

tev, THpt

of thumb analytxc approaches, and sxmulanon approacbes) have been argued in. the
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% f hterature at some length. A bnef summary of these#evaluatxons fonows i '
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> Evaluation of Rules of Thumb

- Rules of thumb are'routinely criticized on the grounds that they might not apﬁly
particularly well in specific cases (e.g., Shaffer 1981, Shaffer and Samson 1985, Ligon et al.
1986, Dawson et al. 1987, Ewens et al. 1987, Soule 1987, Burgman et al. 1988, Lande 1988).

These critics argue that population-specific viability analyses need to be conducted on a

case-by-case basis. On the other hand, the plight of endangered species is so urgent and
widespread that it may be logistically impossible to undertake viability analyses on more
than a relative few of them in the time available (Dfamond 1984, Groves and Clark 1986,

Gilpin 1987). In a trigge-type situation, rules of thumb may be the only practical option.
Evaluation of Analytic Approaches *

The analytic approaches have also been criticized, for example by Shaffer. and
Samson (1985). Perceived problems include lack of realism (e.g., exclusion of density
dependence in the simpler 'difﬁxsion models), exclusion of environmental stochasticity (e.g.,

in early versions of the bmh-and-death process model) and problems of i mterpretanon (e.g.,

7 the Ito vs. Stratonovxch solutions to stochastic dxfferennal equations). -

AR Tl . - o Jit P
And e Lt L - - . B -

*<+7 While all of these criticisms have some merit in principle, it is not so clear that they

" have merit in practice (Simberloff 1988).. Several studies have shown that simple anixlyticai

-‘_-.models can model complex age-structured dynamics qﬁite well (Tuljapurkar and Orzack
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“ ._1980, Heyde and Cohen 1985, GGOdman 1987b, Lande and Orzack 1988).. . While the

exclusion of density dependence in the simpler diffusion models may be unrealistic, this may

‘not pose a problem in terms of conservation, since extinction risks seem generally to be

higher in density-independent models than in density-dependent ones (Fe_rs_‘bn. et al. 1989,

Ginzburg et al. 1990). Of course, analytic models also have the advantages of tractability,

_ reliance on a relatively small number of parameters, and cpmpactn_esé_of solution.

Evaluation of Simulation Approaches'

- Models of this type gene="'v contain a large number of parameters, some or all of

which are drawn from . Ludolity Ulse. @ S withe 7 s and variances. Shaffer-

(1981) states, "At a minimum, such models (for vertebfates) require lmowledge of the mean

and variance of age and sex-specific mortality and fecundity rates, age structure, sex ratios,

: dispersal, and the relationship of these various parameters to .dgr;sity..'_fi__Estimation of these-
- parameters is usually considered to be difficult at best (although, see Ferson et al. 1989 for
‘ acontrary opinipn).,... T 5 kg s Hrae i dhrsme g
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In particular, variances in these models can be so difficult to estimate that it is often

necessary to specify them on a purely subjective basis (Dennis et al. in 'press). Thxs practice -

. disturbed the spotted owl scientiﬁc advisory panel to such an extent that the panel rejected
all ;simulatidn- results - that. were based- o__h_ subjectively:- éstimated- variance parameters

i3 (Dawsoh et al. 1987). - The estimation problems that tend to accompany the simulation
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" " approach can be illustrated by the model of Lee and Hyman (1991), which uses 32
.~ parameters (only three of which are variances or coefficients of variation). In the sample

- configuration given by the au_thors, it was not uncommon to find an estimate described as

"an outright guess” or a value that "seems reasonable.”

- Rigorous estimation of parameters often requires lai'ge amounts of both time and
money, and even then acceptable results are not always forthcoming, even for the most basic

vital rates. For example, Brussard (1991) notes, "Tens of millions of dollars are spent

annually on grizzly bear research, but there are no reliable data on male mating success in

this species.”

A further problem with the simulation approach is computation time. Typically, a

' l_arge'number of runs is necessary to achieve convergence on the pdf of extinction time. At

the low end, Harris et al. (1987) say that a min_iximm of 200 runs is hecessary, while Lande

- and Orzack (1988) contend that a reliable analysis "must: involve many thousands of

independent simulations.” -

-7 Finally, the Sim_ulation approach is problematic because it typically is not subject to

independent validation. The source code is almost never published, and even when it is,

- thorough validation is an extremely time-consuming task (Simberloff 1988')'.'

Y el
F1OLIRATES . e

On the other hand, the simulation approéch profits from its extreme flexibility
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. (Shaffer 1981, Shaffer and Samson 1985). Any quantifiable assumption can be built into the
- - model, and the model can be tailored to‘suit the needs of particular situations. As a result, '

. the simulation approach is fast becoming the method of choice among managers (Simberloff

1988).

Part of the problem in evaluating the various approaches can be traced to confusion
regarding the role that models should play in population viability analysis, or more precisely,
in management decisions based on population viability analysis. This role is defined to a

large extent by how scientists and managers view models in general. For example, if models. -

" are interpreted as literal representations of reality, it is easy to abdicate all responsibility for

decxsron-makmg to the model While this view certamly has its advocates, itis by no means

' universal. When dealmg wrth a model of some natural system, it is lmportant to realize that -

tthe model is not the natural system itself (or in the words of Rosenblueth and Wiener

[1945], "The best matenal model of a cat is another, or preferably the same, cat ) vaen

_ this, it is not at all obvious that nature should possess any hteral eqmvalent in mathematm
-,or anyplace else (Wxgner 1960) An alternative to the literalist perspecnve is to v1ew models

as; scxennfic metaphors (Black 1962, Hesse 1965, Poythress 1983) In such a view, models

are things to be used, involving interaction between model, scxentrst, and nature. ‘This type

of approach would find sympathy wrth Soule's ( 1987) contentxon that models are tools for

,thmkers, not crutches for the thoughtless T b ;;.5 woiny i 5,:;‘5
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" It has been argued that scientific understanding inevitably involves information ti;at

exists independently of any formal model (Polanyi 1962-).' By emphasizing the nonliteral

" nature of models, the metaphoric view also speaks to the legitimate role of subjective

* judgment in the scientific process. Marcot and Holthausen (1987) address this idea in the

context of conservation biology, stating, “There is much to be said for using subjective

'.assess'ments and professional judgxﬁents for evaluating population viability, as the basic

quantitative tools are still being hewn.” Soule and Simberloff (1986) argue similarly, writing,

.. "Intuition, common sense and the judicious use of available data are still the state of the

- art.” Likewise, Zimmerman and Bierregaard (1986) advocate reliance on ‘“intuitive

 guessing... made by the field biologists involved."

This point is particularly important in an area such as conservation biology, where

" crisis is the norm rather than the exception.' "In crisis disciplines, one must act before
‘knowing all the facts” (Soule 1985). Stated alternatively, "The luxuries of confidence limits

"and certainty are ones that conservation biologists cannot now afford” (Soule 1980).

.- Roughgarden (1983) describes the scientific process as one of building a convincing casé,

as distinguished from establishing proof by formal rules. In this context, the.relevant

- Question is not whether a state of endangerment can be proven; rather, the question

concerns the appropriate response to whatever amount of information exists (or can be

gathered expeditiously). If this view is accepted, it becomes cleariy inappropriate to require

x that a'finding of endangerment be corroborated by any particular model before taking

actiomo = o2 &, - oo Sangin s phoe seea . saue,
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. Shaffer's (1981) original deﬁnition of MVP was the popularlon size that gives a 99%
chance of persistence over a time horizon of IOQQ years. . .l-I_oweyer,_ he noted that this
suggestion was made "tentatively and arbitrarily”_and rhat oth_er_ values (e.g., p=0.95, t=100)

_'could be just as useful. He also emphasized, "I have.offered one 'tentati'v.e definition in this
paper, but it is not to be taken literally. It is intended as an example for consideration, not

a standard for application.” Thus, it is not clear that the (0.99,1000) standard is theoretic'ally‘

- superior to any other, but the same could be said just as well for a variety of other possible

candidates.

Appendlx A illustrates one problem common to any choice of threshold (p,) values.
In bnef, any given (p,) combination will fall onto a locus deﬁned by some common level

of socral utility (a social indifference curve). The problem arises from the fact that the

" nominal utility associated with the threshold (p,f) value will almost certainly be different
. than the expected utility of thell corresponding MVP. Fortunately, the error _resulting from

ecjua‘t.iiug;t_he two is likely to fall on the side of conservation if the threshold p value is

_ sufficiently high (i.e,, greater. than about 9079). S e b s e

~ A ST 2% Wi g e ey RN R b etiw o mee e
e~ b X b : = e T Y X ) 4 A e : s an

Even if threshold p values are restncted to the upper end _of the possxble range,

R,

i ,however another problem presents itself:- MVP estimates, resultmg from thresholds within .

' thrs range can snll be radrcally dlfferent. For example, MVPs resultmg from thresholds of
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(6.95,1005’ and (0.99,1000) can differ by orders of magnitude. Therefore, the choice between
"these two (or other) thresholds should not be made lightly. It has been suggested that
. “ decision theory might be helpful in evaluating tradeoffs between protection aﬁainst
- extinction and the cost of obtaining such protection (Thibodeau 1983, Maguire 1986).
However, since costs will likely vary on a case-by-case basis, a decision-theoretic approach
might likely ﬁe unwieldy and incapable of giving any kind of general soluﬁom Although
theoretical gréuﬂds for a choice appear to be lacking, perhaps some guidance can be taken
from the relatively frequent use of the (0.95,100) standard, which has been employed (at
least approximafely) by Shaffer (1983 and 19875, S_haffeil and Samson (198S), Suchy et al.
:(1985), Belbvsky (1987), Marcot and Holthausen (1987), Lande (1988), and Soule and Kohm
(1989). ' 7

Perhaps the best advi;:e is to use all of the information and methods-avaiiable to the
mh:_dniu'm extent feasible. Rules of thumb can provide a prelinﬁn?.ry, ofder-of-magnitude
“ diagnosis. If a poﬁulaﬁc;h éontains more than, say, 10,000 individuals, it would probably take
. -some fairly extreme extenuéting circumstances to cOns;ider it endangered. Examples of sﬁch _
. extenuating. circumstances might be a continuing and severe rate of decline, or extreme
: v'ariaﬁ,ility in population numbers. - Detailed simulation is helpful where time and data
. permit; in the context of petitions filed under’ the ESA, hd;veyer;" this is likely to be the

- exception rather than the rule, particularly" where multiple filings are concerned. For
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example, it has been reported that one conservation group is consrdermg filmg 195 peutxons '

TR G w»&mﬁ\’\
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: _for protection of Pacxﬁc salmon stocks under the ESA (thhams 1991) Given the one-year
. legal time hmxt prescribed in. the ESA, and allowing sufﬁcrent time for administrative
. processing of the petitions, such a filing would require that population viability analyses be

. conducted at the rate of 'about one per working day.
. Using a Diffusion Model to Estimate MVP '

' ~Although conducting viability analyses at the rate of one per day is out of the

- question, some constructive modeling efforts can be undertaken ln a relatively short arnount
- of time if neéessary For example, the density-independent diffusion model and estimation-
procedures described by Dennis et al. (in press) can provxde useful information with a
minimum of time and data. ' Importantly, the only data needed to 1mplement this model

consist of a time series of abundance estimates (or even indices of relative abundance).

i - s -
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; Once a data set has been specified, some 'decisions ‘need to be made regarding how

P e P L I

the ‘model treats the data and how the results are to be interpreted. - Fxrst, 1t .may be

viverine

Tl ]

; 1mportant to use a running sum as the index of abundance, rather than. the; raw data

LN

themselves In thexr examination of the Yellowstone grizzly bear populatxon, for example,

ot w8

3 Denms et al. used a three-year running sum of observed mothers w1th cubs because gnzzlxes
2 are unhkely to reproduce any more frequently than once every three years Pacific salmon

H 7 would be another example where running sums are appropnate, perhaps basmg the mterval

B R s T il
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'on the maximum spawmng age of the run (this would help to insure that the Markovian

X assumptxon underlymg the dtffusxon model is not vmlated)

~* Second, as discussed‘ earlier,. it is necessary to choose threshold p and ¢ values.

i Aetually, two sets of threshold values are required, since the ESA defines two levels of

- jeepardy (endangered and threatened). While the ESA does not provide much guidance as

top and ¢ valnes for endangerment, it does give some indication of how "threatened” p and
t values should relate to their "endangered” cotmterparts. Since a threatened species is
defined as one which is "likely to become endangered within the foreseeable future," one
need only interpret the terms "likely" and "foreseeable future.” A reasonable interpretation
ef a "likely” event would be one which has at least a 50% chance of occurring. Qaantifying'

"foreseeable future” is not so straightforward, but perhaps something like ten years would

" be satisfactory. Given these values, a threatened species is one which has a 50% chance of

becoming endangered within ten years. For endangerment, no corresponding argument can

be constructed; perhaps the best decision is to accept the conventional wisdom that sets

p=0.95 and £=100.

Finally, it is necessary to spectfy an abundance index value correspondmg to

'extmctlon (N). Zero isnota possxbthty, since the model of Denms et al. operates in terms

of In(N). If the abundance index is thought to be a good estunate of total populauon size,

'settmg N,.= =1 makes some biological sense, at least for sexually reproducing spec1es

However, if the index measures only relative populanon size, setting N, =1 is not quite so
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loglcally compelhng. It is also unportant to remember that the model assumes densxty-

independent dynamxcs, that is, it assumes that parameter values do not change at small (or

large) population sizes. Such an assumptxon is likely to be most useful if N, is restricted to

the range above some critical populauon size where parameter values are likely to change

(Capocelh and Riccardi 1974 Denms et al in press). This is good adv1ce for some
applications, but where the goal is to estimate MVP, it begs the question. Perhaps, gwen

that the ESA defines endangerment in terms of extinction (not just low numbers), setting

 N,=1 is the best alternative, at least for indices that measure the total population. For

relative indices, setting N,=1 might be viewed a reasonable default.

One of the advantages of a density-independent diffusion model is that it facilitates

straightforward estimation of the pdf of extinction time for any given N. However, it should

- be emphasized that while this estimate is the product of a rigorous and well developed

theory, it is still only a point estimate; Unfortunately, the confidence intervals around the

estxmated pdf of extinction time tend to be qmte broad. For example, in exammmg the

. dynamus of the Cahforma condor (Gymnogyps calzfomzanus) Dennis et al. (1n press)

estxmated that the wild population ‘censused in 1980 had a 22% chance of extinction by
1995 thh a 95% conﬁdence mterval rangmg from 2% up to 86% (For sxmulauon studies,

the problem of estabhshmg conﬁdence intervals around MVP estimates is addressed by

| Harns et al. [1987] )



SRS

A Kb
Y 2

TR YT BTSRRI T s

AT TN Y

" 30

Other Considerations

' Another problem to consider is the role that MVP should play in a recovery plah.

In other words, suppose that MVP is estimated for a given population at 5,000 individuals,

~ and tha;t current N is estimated to be 2,000 and falling, thereby prompting an ESA listing.

Is the goal of a recovery plan simply to achieve N> 5,000? To answer this question, consider
the density-independent diffusion model, where MVP is defined (for given threshold p and
t values) by the parameters p and o2 If the 'management-regime ché.hges -significantly in
respo;lse to a listing under the ESA (as is réquir_ed), this will undoubtedly cause p or o? to
change as well, in which case MVP will also change. For example, if a management action
caused p to increase (thus tending to.slo‘w or reverse a long-term decline), MVP woﬁld’l
decrease, assuming thé,t o? did not increase along with p. Thus, if a population viability

analysis determines that N<MVP, the focus should shift immediately from that particular

 MVP to p and ozén other words, when using a model of this type, the focus should not
' be so much on achieving MVP as on changing 9 | '

~imphic conttmel ot T
" This leads to the question of whether "delisting" criteria should be spécified at the

time of an initial ESA listing. If these criteria include only policy decisions such as

' threshold p and ¢ values or statistical significance levels, the suggestion to make these

explicit is worthwlii}e,' and would tend to reinforce the idea that the purpose of a listing is

* to effect recovery, not to guarantee special protection forever. - However, if delisting criteria

: al_sb include such things as particular models or a particular MVP; the suggestion is more
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 problematic because it tends to place constraints on the role of information that might

become available after the initial listing. For exa.mple, what seems like a reasonable MVP

~ today might seem either needlessly conservative or recklessly optimistic ten years from now. .

A final cautionary note: endangerment is not necessarily the same as depletion. In

 the case of harvested fish stocks, for example, the fact that a stock may be well below the

abundance level necessary to generate maximum sustainable yield does not necessarily mean

- that an ESA listing is in order. In the context of the ESA, the question is not whether the

stock could be managed better, but whether the stock is in danger of extinction.
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#4% < \PPENDIX A:” EVALUATION OF NOMINAL AND EXPECTED UTILITIES

AASUL 850 5T FROM A MINIMUM VIABLE POPULATION -

- Given an “initial'siz'e;' 'a‘population's ‘probability of persistence (p) can be plotted as

‘a functionibf time (f). The probability of persistence for any self-reproducing population

of positive initial size N declines from a value of p=1 at t=0, approaching p=0 as t becomes

sufficiently large. Goodman (1987b) and Lande and Orzack (1988) have suggested that the

plot of p against ¢ may often be approximated by a negative exponential function. For any

given value of ¢, p would presumably increase with N. The following equation may thus be

-agN" : (A1)

L

* where' @, is a positive constant and « is a constant between 0 and 2 (the reason for the

~ upper bound on «, will become apparent later). Figure A1 shows an example corresponding

to parameter values a,=50.275625 and «,=1.6637656.

3 Dy IR e
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Shaffer (1981) suggested defining the minimum viable population (MVP) as the value

“of N that results in'a threshold p yalixé at some give:i value of ¢. “The values p=0.95 and
- 12100 are ofter used for this purpose. Those who employ this definition are generally quick

 to ‘point ‘out that although it is highly subjective, the need to select some (p,) reference
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i pomt IS mescapable One way of looking at the questxon of an appropriate reference point

'1s from the perspectxve of a social utility function (e.g.,: Thlbodeau 1983, Magmre 1986).

-

That is to say, it can be argued that society would derive some amount of satisfaction, or
utility,-from realizing a given probability of persistence over a specified time horizon. A
suitably general form for such a social utility function is the Cobb-Douglas production

function:
R

| where U represents utility, B, is a positive constant, and Bz and B, are constants between 0

- and 1 (the upper bound insures diminishing margmal utxhty) Because it srmphf‘ es the

~ ensuing mathematics considerably, Equatxon (A2) will be restricted here by setting $,=0.5.

Equation (A2) implies a set of indifference curves consisting of (p,f) loci along which
.U is constant. Figure A2 shoWs an example corresponding . t?; parameter. values

- By=10.383474 and B,=0.73363276.

o P D HY B

Y DL A i
PR - -

Thus, for any combmatron of pand ¢ (such as p =095 and t=100), Equatlon (A2)

T deﬁnes a single value for the unhty denved by socxety For example, under the parameter

-.:-,values used to generate Figure A2, the uuhty derived from the suggested criterion of p=0,95

and 1= 100 is 100 (Fxgure A2).. However, the problem xs more’ cornphcated than this,

Y because deciding on a_.n,appropnate MVP results in not a single (p,x_) pair but an entire locus



'.of (p,t) patrs as descnbed by Equatton (Al). ThlS raxses an unportant questxoxr is the

¢ 8 1ae1

| unlxty that socxety can expect from a ngen value of N (the expected utthty) equal to the

utthty assocmted with any arbitrary (p,f) pau' that occurs along Equation (Al) (the nommal

The first step in de_riying the expected utility for a given value of N is to convert

Equation (A1) into a probability density function, giving’

-¢i:lN‘:'5 A

N% :

: _whete P is the probability of persistenée rescaled so- that- the area under the curve equals
1.
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The second step is to substltute Equanon (A1) mto Equauon (A2) SO that pis’

elumnated from the computauon of uttltty‘
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nN" 1/2‘*'? EESha e (A:S)
(1 +By) e U e

2(1 + Bz)]

where EU is expected utility. Note that the upper bound of 2 placed on ag 'in‘s;ires

dummshmg ‘marginal expected utility. Figure A3 gives an example corresponding to the

'same pa_rémetef values used to generate Figures Al and A2.

Although Eduation (AS) describes EU as a function of N, it can be rewritten in terms _

of p and t. To see this, first solve Equatioh (Al) for N as follows:

12
[ o (A6)
~In(p)
Equauon (AS) can then be subsututed into Equauon (A5), yleldmg.
catd g (DA mnhirar it g SRR R
mv- (A7)
B [z(1+a,>][-ln(p)u+a,)]

The ratxo bet'ween nommal utxhty and expected nnllty can be obtamed by dmdmg -

Bquanon (A2) by Equatlon (A7), Whlch ehmmates t and B,. To find the locus of pomts.

"; along whnch nomma.l uulny and expected utility are identlcal Equauons (A.Z) and (A’I) can
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| _be'. equated, giving

28,
-4(1 + B)’p " lnp) _ ) B .  (A8)
= ' -

2 Equation _(A8) describes the curve shown in Figure A4. For values of p below the
curve, nominal utility will exceed expected utility, while for values of p above the curve, the

reverse will hold.

As an example, Figure AS shows a case where an N value of 1000 results in p=0.95

" at t=100, which corresponds to a U value of 100 (parameter values used to generate this
s ﬁgufe were the same as those used to generate Figures Al and A2). ‘Although the nominal
. utility is 100, the expected ut_il_ity is about 178 (Figure A3). According to Eqﬁatioxi (A8), the

" B; value used to generate Figure AS implies that any p greater than about 0.82 will result

in expected utility exceeding nominal utility (Figure Ad4). Thus, the example shown in

Figure AS tends to confirm the result given by Equation (AS8).

>

PR SO AT IS LU R SO - g . . b FiLtetn S
U AR SPoRE Y % : . i 5 R PR

TR _'iIff"éChieve an expected utxhty equal to the nominal utility of 100 attained at p=0.95
< “and t=100, N.-would have to be reduced considerably. The N value corresponding to a given

~ “level of EU can be obtained by rearranging Equation (AS) as follows:™ *~

PR SN -
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iy [(2(1 ‘ p,)w)z( @ (1 + B,)) b

B -

L ,= ."‘ ._ *; .,,.(Ag)

For the example shown in Figure-(A.S), N would have to be reduced to a value of 500
in order to reduce EU to the nominal level of 100 corresponding top=0.95 and¢= 106. (At
' t=_100; an N value of 500 corresponds to a p Value of 0.85 and a nominal utility of about

92).

IFigure A6 shows an example from the oppos.ite side. Here it is assumed that the
g threshold values of p and‘t are 0.75 and 500, respectively. The other parameter values used
are the sante as those used to generate Fig_ut'e AS._ In this example, anN yalue of about 933‘
,__fs‘_;-'_-_juired'_ to achieve the threshold p an_d t values. This corresponds to a nonunal utility
_ of about 188, but an expected utllxty of only about 168. To increase the expected utility up
- to the nominal level of 188, an N of about 1068 is requu'ed, correspondmg to a new nommal

- utﬂxty of about 196 and a new threshold pof about 0.79 (at the same threshold value of t).

.Because onty'the _thteShold (ps) combination is usuaily repor_ted when an MVP is
. belng determined, society (or those making decisions for society), may incorrectly assume
tltat the nominal utility aesociated with the threshold combination represents' the expected :

| uuhty of the correspondmg MVP. If the threshold p is su£fictently hxgh, such an assumptlon

i 'w0uld always err on the safe side; that i is, society would never overestlmate its expected

& __-.';_;- :utxhty Accordmg to Equatxon (A8), the breakeven value of p reaches a maxtmum of about
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0.88 when IBZ=1 - At the other extreme ( Bz 0), p-values less than about 0 46 wﬂl always_' .
result in an overestimate of EU, whlle p values between 0.46 and 0.88 may result in
overest1mates or not, dependmg on the value of 8,. Thus, the safe range of p values runs
from’ about 0.88 to 1.0. Interestingly, the mid-point of this range is about 0.94, qulte close

to the threshold p value of 0.95 often suggested in the hterature

The central conclusion to be drawn from this analysis is that the thresholti value of
P should be relatively high, fegardless of the threshold valu.e of t ot the value of any other
parameter. For example, although p=0.45 and t=300 give virtua_lly the same nominal utility
as p'—40.9_5 and £=100 in Figure A2, these should not be used as threshold valueé, because

the low ;—)wvalue guarantees that nominal utility will exceed expected utility.

G M,
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- APPENDIX B: ELASTICITY OF EXPECTED EXTINCTION TIME IN A

* SPECIAL CASE OF THE BIRTH-AND-DEATH PROCESS MODEL
Description of the Model
Leigh (1981) and Goodman (1987a, 1987b) have reparametrized the classic birth-and-

death process model in terms of density-dependent rates of increase and their variances.

In the form used by Goodman, the model describes expected extinction time as follows:

N X RV s . .
™ = .3 |2 a1} (B1)
i1 75 \JUY) = 1) Jei kVy=1i| -

where N 1s htitial popnlation. siae, T(N) is the expected extinction tixne 'when initial
. populatxon sxze is N, Kis the maxlmum possxble populatxon size, r; is the mstantaneous rate
of i mcrease when the populatxon is of size j, and V;is the variance in 7. (It should be noted
that Ki 1s not sunply carrymg capacxty Whtle carrymg capacity is an equxlibrmm that can be

_ exceeded temporanly, Kis an absolute upper bound on populatlon size that can never be

exceeded.) > |
e ST B
*«'53 To sunphfy matters, let densxty dependence be elmunated by assummg constant r and

V In a populatxon managed for sustained yield, it xmght be reasonable to set the constant
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r value at zero. These two assumpuons reduce the complexxty of Equanon (Bl)

\.‘ 4 :
e e

consxderably, giving o T

BEEE

il jul J

A}

Although less awkward than Equation (B1), Equation (B2) still requires a number
of computations that quickly becomes prohibitive as N or K increase. This number can be

reduced appreciably b_y rewriting __Equatiqn (B2) as

; (2 ;l_Nl’-l—l-]. (B3) -
w - GIeE - R

- AsK becomes large, further changec in K cause very little change in Equation (B3).

. Thus, for populations with high K values, little accuracy is sacrificed by taking the limit of
- Equation (B3)-’as K apprdaches inﬁriity'(this, in fact, was the original approach used by
.Lexgh [1981]) In'the case of Equatlon (B3), taking this lumt involves computing the sum

of reciprocal squares from 1 to mﬁmty Thxs sum is Rxemanns “zeta" functxon evaluated at

n=2, ('(2), whlch converges to a value of 1 644934 Equatxon (B3) then becomes
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i=2 jui J

s - = N [RRES : : -‘*_.'.; R
)[N«z) 035 12] e

~  Elasticity

A unit increment in N increases Equation (B4) as follows:

- = e = -4 P ae - - =~

' _ . \ N i-1 1 N 1
TV+1) = TOV) = (V wixe-rri-vl
: JA\ i = j° g

(%\ Ne@) - fif‘] 0" o (B3) .
s ) ’

-: Pl T I et .-.f -o'\n_: ur =17 L g 2l o .=
= ,_{..,, rivm i P ondun e NS _

Let the elasnc:ty ot' T(N) E(N), be def‘ ned 88 Wi

~ Equation (B6) describes the Ipfoportioﬁate gain in expected extinction time relative
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to a proportionate increase in initial population'size, as shown in Figure B1 for values of

N up to 10,000. For exarnple, at an initial populatidn size of 1000, a unit increase in N

"~ would 'represent a relative change of 0.1%. This would corresnond to a relative change in |

‘ expected extinction time of about 0.0118%, for an elasticity of 0.118 (0.0118% divided by

0.1%). In Figure B1, elasticity declines from a value of 0.392 at N=1 to a value of 0.092

at N=10,000. A value of 0.1 is obtained at N=4534.

An important difference between E(N) and T(N) is that the t'ormer-does not depend
on.'V. whereas the latter is inversely proportionate to V¥ in the simplified model developed
here. Thus, if one destred a relatively robust value of N to serve as a default minimum
.viable' nopulation size in cases where data are limited, it might be wise to select it on the

basxs of the corresponding elasticity of expected extinction time rather than the expected

- extinction time itself.

* Although there is nothing "magic" about an elasticity of 10, it is a round number

" to which people can easily relate. It should also be noted that choosing a'pragmatic cutoff

'pomt is not wrthout precedent i in natural resource management. In fisheries management,
t'or example, the harvest strategy known as Fo1 is based on a purely pragmatrc 10% cutoff
hut it nevertheless enjoys consrderable support among fisheries managers and scientists (e.g.,
| Denso 1987, Clark in press) Furthermore. the populauon size correspondmg to an
elastxcrty of 10% lies squarely within the range of minimum viable population sizes that have

bee_n suggested in the literature.

= e ek
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S “ i S e 4 @_Appx_'oximatio_n\.:,_ s

oIt ’has.been suggested that expected extinction time shoqld i'ng:reaSe:apprp:dmately

with the logarithm of N (Leigh 1981, Ewens et al. 1987, Pimm et al 1988). An

: approxi#nation of Equation (B2) can serve to confirm this. Replacing the summations in

Equation (B2) with integrals gives

O e B

As K approaches infinity, Equation (B7) increases exactly as the logarithm of N. For.

this sp_éc_ial case, Equation (B7) tends to underestimate Equation (B4) by a fairly constant

" amount. At N=1, the difference is equal to 2Z(2), or 3.289868.... As N becomes large, the

,' difference declines to a value of 2(1+vy), where y is Euler's constant (0.577216...). Thus,

. a good approximation of Equation (B4) for large N (i.e., greater than about: 10)_is

Ty : THHGIIT Tf oy N ST b ool ey
TV) = |=|la(V) + 1+ y]. 58
vy ;’."_-“.'j}? T , : B V R U " o,
i ';.:‘z " e s o
;g1 e The elasticity implied by Equation (B8) is simply -
b 1“:’?534‘5"*1** Gl Ghn S s T e e S P L TR

sy
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) N dT l ... - PR, -, .- i .- :
E —_ B9)
@ (mv))( ) In(N) + L+ A |

: EQuations (B8) and (B9) are obviously; much less cornputaiionally intensive than their

. exact connterparts. For example, it is easy to see from Equation (B9) that E(N) declines
quite olowly at lmge N, not reaching a value of 0.05 until N exceeds 100,000,000. Thus, the
elasticity of expected extinction time shares one of the characteristics common to all
methods used to calculate minimum viable populations: there is no obvions point at which
a population passes from being viable.to being nonviable; instead, a judgement call must be
made. As a fallback for use in datn-poor situations,-the populntion size corresponding to

an elastioity of 10% (about 5000 individlials) seems to be a reasonable candidate.
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CURRENT AND PROJECTED ESTIMATES OF LYNX NUMBERS IN:: -
WASHINGTON

Gary M. Koehler

Lynx population dynamics and ecology were studied in
Okanogan County of Washington state from 1980 to 1988. The
Washington Department of Wildlife conducted research fror

1980 through 1983 and the Wildlife Research Institute

continued this research from 1984 through 1987. The study

area was located hetween the Okanogan and Methow-Chewack
Rivers, with intensive work conducteé above 4,500 feet
elevation.

Twenty-eight lynx were captured and radio-collared
since studies began. Estimates of the number of lynx in the
study area from 1981 through 1983 were 20 resident adults,
or approxlmately 1 1ynx/13 m12 From 1985 through 1987 15
resident animals occupled the study area, for a den51ty of 1

2 3 S

lynx/17 mi These den51t1es ‘are equlvalent to low lyn'

den51t1es 1n Alaska and Canada when srcwshde hare
populatlons, their domxnant prey, have decllned ‘

Lynx pOpulatxons in Washington and the ‘rest of the
Pacific Northwest are at the southerr edce of the spec1es
range. Low densltles are characterlstlc of popula*lons
occurrlng along the periphery of a r=ngm:

Factors which affect population stablllty 1nclude

mortallty, recruitment, immigration, and emigration rates.

extha (v Y p"
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in the past, lynx populations in Okanogan County may have
been augumented by lynx immigrating from BritisﬁfCqumbia.
This is true for lynx populations in Minnesota, which
increase as a result of immigration during cyclic increases
of lynx numbers in Canada.

Lynx numbers in the study area have decreased since

1981. The reason for the population decline is unknowﬁ.
Thére is no evidence that this decrease is a result of a
"lynx-snowshoe hare cycle". 1In fact, studies elsewhere show
that snowshoe hares may not cycle in this part of their
range. The relatively constant recruitment rate during this
period suggests that lynx are not responding to increases or
decreases in prey abundance.

An average of 2 kittens have been produced;annually on
the study area since 1981. The annual recruitment rate is
12%, based on a mean population of 17 lynx. Kitten ;urvival
is low; with only a 12% survival rate among kittens. The
annual mortality raté for adults, determined from radio;
collared anihais} avéraged.16%. "The low kittén survival and
low recrtitmenﬁ rate is characteristic of lynx populations
at northefﬁ laﬁitudes when prey'is scarée,.énd as.determined
for the study area, ié apparently charaéteristic of
peripheral pépulations és well. ;

From a knowleégé:of lynx habitat requiréments ané-
inventofieé of forés£ éovér-types, based on iANDSAT“
generatec¢ maps, the numbers of lynx on the ent#ré_bganogan

National Forest were estimated. Lynx in Okanogan County
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prefef lodgepoie pine forest commuﬁities above 4,500 feet
elevation. ‘Habitat inventories include all lodgepole pine
stands, some of which may be too small and isolated tc
suppoft lynx. Therefore, these inventories would result in
a higher estimate of lynx habitaﬁ thén is actualiy availatle

to lynx.

0
rn

For example, in the study area the home range areas
2

(¥)]
(g%)
up

females and males averaged 19.5 ni® and was comprised zf

~J

-
-

(o)

N

lodgepole pine forests. Thereiore, each lynx requires 7,
acres of lodgepole pine forests. Forest cover types
inventories show 140,911 acres of lodgepole pine on the
study area. This suggests that the study area may support
19 females and 19 males, of 38 lynx. This is greatgr than
twice the average of 17 lynx estimated for the area as
determined ‘by radio-telemetry and snow-tracking. The
discrépancj in estimates may be due to biases of for;st
cover type inventories. West ol the Methow-Chewack Rivers,
habitat inventories indicate 84,155 acres of lodgepolg pine
habita£ exist, or enough ﬁébitat to support 11 females and

11 males. Here, too, habitat inventorieé_may_be biased

because of inclusions of small, isolated, or disjunct

pockets of habitat. Therefore, an estimate of 22 animals

should be considered maximum.

The combined habitat inventories indicate there mav be
a maximum of 60 lynx in western dkanogan County. How.eser,
as demonstrated for the stuly area, actual numbers ot v

may be 44% of the cstimates cal-ulated from hebita®



inventories. Therefore, population estimates for western
Okanogan County would be closer to 27 animals, with an
estimates of 60'aniﬁals being maximum.

The best habitat for lynx in Washington state is found
in western Okanogan County, inéluding the study area,
because it contains the largest contiguous area of-habitat.
Habitats for lynx within the Pasayten Wilderness and areas
between the Methow and Stehekin Rivers (Lake Chelan) occur
as isolated pockets and peninsulas, with rugged pearxs and
alpine meadows dominating the landscape; Even though lynx
habitat is marginal in these areas, it is superior to
habitat conditions in eastern Okanogan County and the
remainder of northern Washington.

According to 1977 timber inventory estimates, tne
Wenatchee National Forest has about 77,000 acres of
loégepolé piné habitat. However, since 1977 much of it has
beén logged. The area near Lake Chelan that burned in 1970
should provide good prey habitat for lynx, but of 18,000
acres of lodgepole habitat occurring within the burn, 13;000
acres, ér 72%, have been precomwgrcially thihned. Tﬁinned
stands provide little cover for lynx and poor habitat for
snowshoe hares, its dominant ﬁrey. Furthermore, these
thinned and logged areas may not become suit;blé habitat for
lynx for 15-20 years. At best, becausekof tiﬁber'
harvesting, the Wenatchee National Forest hay support a

\nwximum of 20 lvnx.
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Intensive timber management practices, Clearcut timber
harvesting and precommercial thinning, may benefit lyhi in
the long term by creating habitat favorable for prey. If

timber harvesting is limited and if dense stands of

lodgepole pine are allowed to become established after

hnarvesting, habitat conditioné for lynx could improve
resulting in increased carrying capacity and recruitment in
lvnx populations. However, the impacts-on lynx for-135 to 29
rears following timber Mmanagement activities will be
negative. The sho:;ngggm effect is to remove habita: fo-

FTey and cover of lynx. Removing 20 to 30% of mature

— . = .-

lodgepole pine stands to promote young aged lodgepole Pine

stands will decrease the carrying capacity for lynx by 2¢-

[PY]

0%, for up to 2 decades. Boad construction, too, will have
negégiygwimgéggs on lynx populations because of destruction
of habitat and increased access for the legal and iliegal
harvest of lynx. dowever, some of these short term impacts
may be mitigated by increased Prey numbers over the long
cterm (> 206-30 years)... ‘

Increased Limber. harvesting and thinning over the next
5 decades, as projected in Forest Management Plans, may_
result in a net decrease in lynx habitat and resultant
ﬁe;reases of lynx numbers in the next few.decades.
?cpulaﬁions in Washington may not be augumented by lyné.
~mmigration from British Columbii.a, asu may huye occurrcd in
the: past., Fxtensive timher hurin:stin«; and heavy trappinee:

PLessuce, in responso. te high prices feor pelta, dn Brition



Columbia may decrease lynx immigration into Washington.
Already, heavy trapping pressure has resulted in lower lynx
numbers in easﬁern.Canada in recent years.

Hunting and trapping mortality, too, may put additional
stress on lynx populations in Washington. As shown from
studies of lynx in Alaska and Canada, hunting and trapping
caused mortality is additive to natural mortality. As found
in the Okanogan study area, the majority of natural
mortality occurs during the summer. Fall or winter harvest
mortality would then be additive to tﬁe'natural mortality.

" Also, females that are harvested may not be replaced until
the following summer, the period of dispersal and
immigration. This would result in loss of a potential
source of recruitment for one year. Female kitteas oroduced
on the area may or may not remain anc become reproductively
viable, even if a vacancy is available. Juvenile females
are not reproductively active, particularly when ﬁhe prey
base is low, as may occur in Washington. )

In my view, the outlook for ‘lynx populations in
Washington is not favorable. Harvest of lynx in Waéhington
would furthe; impact a population that‘will'already be
stressed by loss of habitat from timber harvesting. I
‘believe that it is necessary to suspend lynx harvest seasons
for the immediate future. This would allow’ lynx to cope

better with the impacts on its habitat and, hopefully,

increase in response to any habitat. improvements.
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FY SALE NAME M

R S
HOEBE 1.
9t | DAY 1.
BEEHIVE 5
. |9 | DRAGON 5
9 LYMAN 5.
91t | AENEAS 6.
91l | NICHOLSON 3.
; SMALL SALES 2
MUCKAMUK 7
DANNY 3
LITTLE GRANITE s

CABIN
LITTLE BONAPARTE

CAYUSE
COCKLE

CAT

CEDAR

COCO

SMALL SALES

Tonasket Ranger District Okanoq an (wr{;'r Rk
FIVE YEAR ACTION PLAN: FY 1993 - FY 1995 ¥
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BUSTER .
194f | CORN REENTRY X
; CORRAL
! 20 MILE
+¥ | SMALL SALES
95 | NAPOL REENTRY 5
95 | THUNDER 10,5
95 | STRIPE 2.0
95 | MUTTO 38
< 95 | CONGER as
.| 95 | JACKSON cR. 28
95 STER 1.0
95 | WHEATON 15
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Tonasket Ranger District- Ozangf,\ /’4;'- g,.

FIVE YEAR ACTION PLAN: FY 1991 --- FY 199
TOTAL LPP HELI CABLE ROAD ROAD
SALE - VOL. VOL LOGGING LOGGING ~ CONST. RECONST.
_FY_ NAME MMBF MMBF  MMBF MMBF MILES  MILES
91  HOEBE — 1.0 - - - - 1.5
DAY 1.8 - - 0.6 0.5 1.0
BEEHIVE-«# 5.0 - - 0.5 4.9 4.7
DRAGON 5.5 1. - 1.8 1.0 -
LYMAN 5.6 - - 0.5 1.0 8.1
AENEAS 6.2 1.2 - 2.3 1.0 -
NICHOLSON 4.5 - - 2.3 0.5 -
SMALL SALES 2.0 2.0 - - - -
31.6
92 L"MUCKAMUK 7.4 3.0 - 1.5 1.5 =
DANNY 3.2 - - 0.9 - 2.0
v LITTLE GRANITE4.S - - 1.5 4.0 1.0
v/ CABIN 11.0 2.0 - 3.4 6.0 1.0
LITTLE 5.5 1.5 - 1.0 1.0 -
BONAPARTE .
31.6 .
93  CAYUSE 5.4 .5 - - 1.0 -
COCKLE 6.0 -t - - 2.0 2.0 - -
v CAT 4.0 - - 3.4 15.0 -
v CEDAR 8.0 - - 5.6 13.8 -
coCo 5.7 - - 2.6 1.0 -
SMALL SALES 2.5 2.0 - - - -
31.6
9!l  SNEED 5.4 - - 1.5 2.0 -
FROSTY BELL 6.4 - - 1.4 2.0 -
BUSTER 2.1 0.7 - - 1.0 -
CORN REENTRY 3.0 - - 1.6 - -
CORRAL 8.0 80 - 4y 7 10.0 -
V20 MILE 4.5 b 5 - - 4.0 -
SMALL SALES 2.2 1.4 - - - -
31.6
95 v/yAPOL REENTRY 1.5 - - - - -
THUNDER __10.5 10.0 . - - 15.0 -
STRIPE 2.0 - - - - -
MUTTON. 3.8 0.8 - - 1.0 -
V}DNGER 4.5 2.5 = - - - -
JACKSON CR. 2.8 - - - 6.0 -
OYSTER 1.0 - - - - -
WHEATON 1.5 - - - 4.0 -
COOGAN ° 2.0 - - - 3.0 -
SMALL SALES 2.0 1.0 -~ - - -
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United States OKANOGAN , 1240 South Second

Department of NATIONAL : , P.0. Box 950
Agricul ture ~ FOREST Okanogan, WA 98840 -

Forest Service _ (509) 826-3275

Reply To: 1950 NEPA
2430 Commercial Timber
Sales-GRANITE MOUNTAIN SALES-
Analysis

Date: July 19, 1991

To Interested Persons:

The Okanogan National Forest is designing three timber sales in the Granite
Mountain Analysis Area. The analysis area includes the Granite Mountain
Roadless area, and is indicated on the attached maps. The Little Granite
proposed action is located on the Tonasket Ranger District, and the Pebble and
Baldy proposed actions are located on the Winthrop Ranger District. We have
started .the issue scoping for our analysis. I am asking you to submit any
ideas, comments or concerns about the sales that you may have. Your comments
will help us implement a well designed timber sale.

There will be two public.meetings for further information and scoping. One
meeting will be held in Conconully, Washington at the Town Hall (next door to

Vicki's Restaurant on Main Street) on July 25, 1991. The meeting will start at
7:00 P.M. The other meeting will be held at Twisp, Washington at the Community

Center, Room 1 on July 31, 1991. The meeting will start at 7:00 P.M.

As an integral part of this analysis process, we will be looking at
alternatives for controlling noxious weeds, slash, and other competing and
unwanted vegetation. Various methods will be evaluated including mechanical
treatment, biological treatment, hand treatment, and chemical treatment for
noxious weeds. Treatment alternatives for reduction of slash and site
preparation will include burning, mechanical treatment, hand treatment, and no
action. Post harvest treatments including precommercial thinning and
precommercial sanitation of stands will also be evaluated. Guidelines for this
are included in the Final Environmental Impact Statement and Mediated Agreement
for Managing Competing and Unwanted Vegetation. :

" The Granite Mountain Analysis area contains about 40,000 acres. Approximately

27,700 acres of this is in the Granite Mountain Roadless Area. The Analysis
Area is allocated to the following Management Areas (MA): ;

-63% in MA 25, the goal within Management Area 25 is to intensively manage
the timber and range resources using both even-aged and uneven-aged
Silvicultural practices, while protecting the basic productivity of the
) land and providing for the production of wildlife, recreation opportunities
- and other resources.
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"=22% in MA 12, the »1>al of Management Area 12 is t¢ rovide habitat to

support a stable lynx population over the long term while accessing the

area for the purpose of growing and producing merchantable wood fiber.

-13% in MA 5, the goal of Management Area 5. is to provide opportunities for
recreation and viewing scenery in a roaded natural setting with a visual
quality objective of retention or partial retention. Approximately 2,500 -
acres will be managed with a visual quality objective of retention, and the
remaining 2,816 acres will be managed with a visual quality objective of
partial retention.

-2% in MA 14, the goal of MA 14 is to provide a diversity of wildlife
habitat, including deer winter range, while growing and producing
merchantable wood fiber.

analysis will evaluate a range of alternatives. Alternatives to be

evaluated range from no-action, with no timber harvest or road construction to
alternatives that may propose timber harvest up to 26.5 MMBF and 62 miles of
road construction or more.

Descriptions of Proposed Actions:

Little Granite

The Little Granite proposed sale area is located approximately 7 miles

" southwest of Conconully, Washington in sections 7, 8, 17,18, 19, 20, 28,

29, 30, 31, 32, and 33,"T. 35 N., R. 24 E., sections 4, 5, 6, 7, 8, 9, 16,
and 17, T. 34 N., R. 24 E., and sections 13, 23, 24, and 25, T. 35 N., R.
23 E. The proposed Sale Area includes approximately 7,000 acres. The
Okanogan National Forest Land and Resource Management Plan (Forest Plan)
identifies the entire proposed sale area as Management Area 25.

The preliminary proposed action for the Little Granite Area is a timber
sale of approximately 11.5 MMBF. This proposal would include shelterwood
harvests, seedtree harvests, overstory removals, and slash treatments over
approximately 2,300 acres. About 57% of the proposal would be tractor
logged, 36% would be skyline logged, and the remainder would be helicopter
logging. The preliminary proposed action would require approximately 26
miles of road construction.

Pebble

The Pebble proposed sale area is located approximately 9 miles northeast of
Winthrop, Washington in sections 1, 2, 3, 4, 5, 9, 10, 11, 12, and 13, T.

35 N., R. 22 E., and sections 22, 26, 28, 32, 33, 34, 35, and 36, T. 36 N.,
R. 22E. The area is approximately 9,700 acres. The Forest Plan
identifies 2 Management areas for the area; About 94 X of the area is in

. Management Area 25 with the remainder as Management Area 5.

The preliminary proposed action for the Pebble proposed sale area is a
timber sale of approximately 14.0 MMBF. This proposal would include
shelterwood, clearcut, and seedtree regeneration harvests, partial
removals, overstory removals, and slash treatments over approximately 1,700
acres. About 23% of the proposal would be tractor logged, and 77%
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harvesied with sk 'ne logging. The preliminary r josed action would

.’ require approximately 30 miles of road construction.

Baldy

The Baldy proposed sale area is located approximately 11 miles northeast of
Winthrop, Washington in sections 19, 20, 28, 29, 31, 32, and 33, T. 36 N.,
R. 23 E., and sections 4, 5, 8, and 9, T. 35 N., R. 23E. The area is
approximately 9,300 acres. Two management areas are designated by the
Forest Plan for the area; Management Area 12 comprises 84% amd th
remainder is in Management Area 5. . )

The preliminary proposed action for the Baldy proposed sale area is a
timber sale of approximately 3.6 MMBF. This proposal would include
shelterwood, clearcut, and seedtree regeneration harvests, partial
removals, overstory removals, and slash treatments over approximately 400
acres. The timber would be tractor logged. The preliminary proposed
action would require approximately 6 miles of road construction.

The. preliminary proposed actions will be adjusted and modified to meet Forest
Plan Standards and Guidelines. Field work has not been sufficiently completed
to determine old growth locations and wildlife habitat information at this

time.

Alternatives to the proposed actions will be developed and analyzed using
current issues, additional issues raised in scoping, and management direction
from the Forest Plan.

Foreseeable future actions include two sales on the Twisp Ranger District which
are proposed for sale in 1995. Impacts from these foreseeable actions will be
included in this analysis. '

All Forest Plan Standards and Guidelines apply to this analysis area. Those
areas we have identified of particular importance to this analysis include:

There is a need to assess the impacts to the roadless character of the
area. '

. There is a high level of Dwarf Mistletoe infection in the timber
stands. -

There is a high potential for mountain pine beetle infestation in the
lodgepole pine stands. .

Potential impacts of a road crossing on Boulder Creek to access the
Pebble Creek drainage.

Visual quality objectives of Partial Retention and Retention need to
be met within Management Area 5 along the Middle Salmon Boulder Creek
Road (Road 37). :

There are potential cumulative effects on water quality and effects to
fish habitat. The analysis area lies within the West Okanogan,
Beaver, and Chewuch Watersheds.
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A need exist .0 identify and analyze potenti effects to threatened,
endangered, and sensitive plant and animal species which includes
grizzly bear, gray wolf, wolverines, and Canada lynx. h

There is an opportunity to change access by eliminating a portion of

g Road 42 which lies within a riparian area, and connecting 42 with the

R

S B R o

- 4200300 Road (Cabin Creek Road). This could provide safer and a longer'l-ﬁ;ﬁﬂ

season of use for forest users as well as reduce impacts to the
riparian area. : B

There may be potential impacts to existing trails and recreation use.

There may be stands of existing old growth, as well as areas suitable
for replacement old growth. .

There is a need to assess potential impacts to riparian areas and’
identify opportunities to enhance these areas.

There are concerns about potential increases in noxious weeds, and an
opportunity to treat existing problem areas. Alternative strategies
will be developed according to Guidelines established by the Final
Environmental Impact Statement and Mediated Agreement for Managing -
Competing and Unwanted Vegetation. Alternatives will include no
treatment, mechanical treatment, biological treatment and chemical

. treatment.

. There is a need to provide deer summer range habitat and winter range
habitat consistent with Management Area guidelines.

A large majority of the Granite Mountain Analysis Area has had no recent timber
management activities. The Forks Burn occurred in 1970 and covered
approximately 5,000 acres. '

Responses for the analysis may be directed to either the project coordinator,
Craig Bobzien (Winthrop Ranger District, P.0. Box 579, Winthrop, Wa 98862-
996-2266), or the project public information coordinator, Teresa Wurschmidt
‘(Tonasket Ranger District, P.0. Box 466, Tonasket, Wa 98855- 486-2186). The
maps of the Preliminary Proposed Actions are attached. 1If you would like to
be kept informed as we complete the evaluation process, Please let us know in
your response letter. A response by August 15, 1991 would be most helpful. We

- anticipate completing the Analysis by June 1, 1992. I look forward to reading
your suggestions and comments about this project. '

SAM GEHR -
Fopest Supervisor

o

Enclosure

. TW/taw
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STAfEI OF WASHINGTON ;
DEPARTMENT OF WILDLIFE

1540 Alder St. N.W., Ephrata, WA 98823 Tel. (509) 754-4624

April 33,1991

Lon Schultz, Ann Sprague -

' Winthrop/Twisp Ranger Districts
P.0. Box 188 . -
Twisp, A Q8856 : :

beaer iLon and ann: . g .
"I am following up on my phone call I had with each of you on :izrch 25,71931 N
in which I voiced my objection to the Uld Tom, iiddle, and Bea tinter sales
that are currently being proposed. Iy fear is that the cumulative impzct of these
sales, occuring next to previous sales already completed in TRat aree, will Tesult
in_the severe -depletion of the lynx population in the area from Starvation mountain
and 3eaver meadows south to the Loup Loup pass area., This area has NiSLOTLICAlly
contained good numbers of lynx. While not directly in.the Iynx study area trapped
by Brittell and later Koehler, several lynx trapped and monitored oy them utilized
parts of the area I am concerned about, and I have routinely seen lym: iracks on
the Starvation mountain road and in the Buck pass area when working there zfter
snows. During one trip in December 1987, I saw five lynxk tracks on the Seaver
lake loup portion of this area. e =R

This past winter John Danielson, Fred Wiltse;, and I conducted four surveys
in this area {map enclosed) and these show a shift in lynx distribution away from,
the ZSeaver lzke area, which has been clear-cut significantly the past several years.

I feel & reduction in the number of lynx in this.area is certain if clear-
cutting contiruss in the ne uture in this atea. orittell (1999, points out that
"larze stands of cover are needed" to maintain lyny in a given ar=za and other studies
show that clear-cuts should be in 6-7 feet tall regrowth lodgepole bsforz additional
cuts are mzde in adjacent areas. Koehler and Srittell (1990) note that these cuts
may raquire 20-235 years before hare populations achieve high densities. 4 check of
the areviously cut areas showed no regrowth even remotely approximating the conditions
needed for.hares and lynx. Brittell also advised that while these small clezr-cuts
can hzve a beneficial effect on lynxz, they must be distibuted over time and space,
ieither appezr to be happening in the Starvation area. :

ihing and Brady (both in 1990) sent letters expressing concern over cuts in this
area and opposing site conversion to.other species of trees, '

siclaughlin {1989) promises a stable and increasing lyn: population within the

Okanogan National Forest; however, this noble promise can hardly be met with high
timber harvest levéls on a sustained basis as seems to be the trend here.
. ~With lynx as a candidate species under the Zndangered Species act, not only
should timber harvest in this area proceed very cautiously, no harvest should be
done until there is a full habitat mapping of the entire area To dstermine what
is and what isn"t lynx habitat and where it 1s located.

I naven't seen any comprehensive forest plan for this area that shows what areas
are being set asside for denning, travel, or cover by lynx, to connect with the
foraging areas that will be created over the long term by the clear cutting strategy
being used. Repeated letters (Brittell, Lowry, Koehler) show the need for horizontazl
cover in the form of down logs, stumps, and logging residiue; but I haven't observed.
any Forest Serviee response to these concerns in the sales.

1 hope we can gel together and arrive at a suitable system to allow for both
a harvest of timber and enhancement of lynx hatitat, rather than degradation of
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,//) MEMORANDUM
SR G AR '

Subject: Lynx/Lodgepole Management (Revision to January 16, 19848 memo)
To: Bill McLaughlin and Ray Duff

' &
\

At the last interagency wildlife meeting and in input to the Draft Forest
Plan, Washington Game Department expressed concern over the management of
lodgepole pine (Pinus contorta) ecosystems and the subsequent effects on

wildlife, specifically lynx (Lynx canadensis). Since the Draft Forest
Plan was issued, more research data and insight into the needs of lynx
have become available. The understanding of relationships between lynx
and their habitat is far from complete. However, due to the immediate
need, a basis for designing logging activities in lodgepole has been
formulated largely from research data and suggestions provided by Dave
Brittell. (_)[.)1' l"ﬁ';! pare {)/ V¥l ’(‘l.",-_:".'-.‘.) «';'H":‘u\5':!"'!;:”\; ()f LWJ\' ‘v o
L sMates . '
The following principles and suggestions have already been applied to
timber sales involving lodgepole and will serve as management guidelines
for future sales until revisions or refinements are found more

appropriate. These guidelines, or further refinements, should also be .
part of the Final Forest Plan.

Management for Lynx in Lodgepole
Rominated Plant Communities

The quality of lynx habitat fluctuates with the condition of high

elevation lodgepole pine ecosystems. Generally, lynx prefer areas of
lodgepole pine in early successional stages where conditions are '
favorable for snowshoe hare (Lepus americanus). Since it provides edge .
diversity and a more consistant presence of appropriate aged lodgepole, a .

mosaic of various-aged lodgepole stands is preferred over single-aged
expanses.

Historically, change occurred by forest fires and more recently forest
management practices. Currently, the quality of lynx habitat in the
Okanogan Forest is declining as lodgepole stands, that developed as a
result of fires in the early 1900's, mature. This expanse of lodgepole
is vulnerable to rapid change by mountain pine beetle (Dendroctonus
ponderosa) and forest fires. Because of inadequate food and cover, these
rapid large scale changes to early successional stages would be
detrimental to lynx and snowshoe hare for the first 10 to 20 years.
However, at a later date habitat conditions in large areas would be
favorable. Forest and wildlife management plans should Seek to avoid
such boom and bust situations. |

t v
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There is opportunity to avoid such boom and bust situations. The eminent
harvest and management of lodgepole may assure stability of cover,

populations of snowshoe hare and lynx, even though there are limitations,
concerns and risks. -

Magﬂhahixg_ﬂaninnlahigna

1) nowshoe hare are interrelated. Dense
lodgepole thickets provide cover (forest canopy) and food (bark of young

trees) for snowshoe hare, Accordingly, the lynx, which is basically a
forest dweller and largely dependent on snowshoe hare for food, is
closely tied to habitats that Support snowshoe hare.

2) 2 9. ol L4 3 - 11-4< ~Fele b -§ele SN -9. - (L

% = o~ IS
D H TN ;;'k‘,i_ o} y P a'g'w N ] ';,.*_'.'__‘h,_;, ne 3 O N g (le ¥y !. () . ’ 2 b
elevation S 18 key lynx habitat, representing the primary lynx area

in Okanogan County and a major part of Washington State's lynx habitat.

For quality lynx/snowshoe habitat §§b§£d§§§gyg@§§§p@g§ﬁp&eﬁ; : ) ]
Pandatoryd The importance to lym’: %g‘:_assogiated ecot pe's,““'i‘%é:ﬁ}ding ._."}'8(’!‘“’:[4.
SUBSIpine fir (Abies lasioccarpa) and Engemann-. spruce (Pices engelmarini ) %Nw

is unknown. Man-caused conversion from current IOQEgngq"ggndiggpn; to ekl
other tree spécies or to Iodgepole conditions differing from the
descriptions which follow in Sections 3 and 1§ would be detrimental to

iynx..

shane ; 3 14 ."ro-"-. J _'--..’
[GA6dY_with not ¢ <—3L.age localed in a given area. Different
Successional stages are needed to provide both cover and a.food source.
Major §tructurziydiffe;enceshwhich are import?ni to izn;‘uzgsg (prnlackd
of use) are: ¢ \nasSgEfbrbEshrubiiseedling. (b)xsaplin Q,.!¥E§§§3 an
' niven, n order to perpetuate coVer (described in
) overtime, a balance in the above conditions is
/Y ﬁﬁéacnwabgb,qﬁﬁand;d o Given that condition (a) is
avoided by 1ynx due to.lack o y it is a prerequisite to conditions
(b), (c) and (d) which are capable of providing cover. [ s Biionxan):
resulting from clearcutting or seed tree cutting generally need:
e S 0L iObie F '

4)

typically fqr\seclusion’and hunting.

apfatl TN § 11, *ﬁ&tﬁﬁgtnimadulbaaznngrpmayi
'OF less (hiding cover). RS TR M AY e 1VE: . !
vertical stems (i.e. a densé“sténd“bf“small"trees)}' al stems
(i.,e., a managed stand with wide tree spacing and low horizontal
branches), down material (i.e., down logs common in older stands of
lodgepole), or a mixture of these (see 4b for stands which qualify).
O Py ﬁggﬁggégqq;ﬁ?negtﬁﬁtacoyenﬁ;Its importance increases with
cal or horizonta ¥

ontaI'Sféhs;”Ehd“dﬁring heavy snowfall.
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It must be recognized that hidin over fluctuates seasonally as snow

depth varies. The SMTE®EHTH1 q&gbt,is estimated to generally
provide cover when snow is present.

LA ) .‘ S ‘:""’-""
varies from 15 to 40. Home ranges of non-breeding in-{"iduals are
smaller. Lynx, like other forest cats, generally will not frequent or
travel across large openings. Therefore, cover patches and travel
corridors connected in a relatively continuous manner over the large area

described in Section 2 are considered necessary to maintain lynx where
they now exist.

RO L] “feet :in widthvmaximyugf and
bEx6 0 O"ftﬁewvidegom less J

(b) Cover units and cover corridors are described as follows:

v

fiE vy 20580 0r
i"iﬁ%ﬁ”ii 08;¥t'or more
A= 5.0 b@brsmore}

Lodgepole stands providing cover (x):

- Managed Unmanaged
Stands Stands
(Regenerated)
Saplings
b4 1" diameter - at least 900 stems/acre
X X 2" diameter - at least 550 stems/acre
X X 3" diameter - at least 400 stems/acre
X 4" diameter - at least 250 stems/acre
Poles .
x 5" DBH - at least 200 stems/acre
X 6" DBH - at least 150 stems/acre
X T+ DBH " = at least 125 stems/acre
X X 8" DBH not more than 100 stems/acre
Small sawtimber
X X g DBH not more than 100 stems/acre
X X 10" DBH not more than 100 stems/acre
X X 12" DBH . not more than 100 stems/acre

As indicated in the foregoing specifications, cover is provided by a
variety of stand conditions. However, thickets of smail diameter trees
provide a food source for snowshoe hare (and snowshoes in turn a food
source for lynx) in addition to cover.

(c) Cover amounts necessary are 50% minimally and 70% or more optimally
per 160 acres of lodgepole type. ;
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There is opportunity to avoid such boom and bust situations., The eminent
harvest and management of lodgepole may assure stability of cover,

1) Habitat management for lynx and_anguahng.ha:g.acg_inhg::glated. Dense
lodgepole thickets provide cover (forest canopy) and food (bark of young

trees) for snowshoe hare. Accordingly, the lynx, which is basically a
forest dweller and largely dependent on snowshoe hare for food, is
closely tied to habitats that Support snowshoe hare.

2) fl»iif'li'i 2 " 114~ 10 L & L U . - . L} - m_a
D B U atwE 1 KrF Ass: .andvthe# Pasavhe n-Wildern mﬁh Bl -.-i: v 1 %s
plevation S 13 key lynx habitat, representing the primacy ynx ar

in Okanogan County and a major Part of Washington State's lynx habitat.'

For quality lynx/snowshoe habitat, perpétuats ,_q};»fb;ﬁi%@fﬂ.sﬁ-'ﬁi’?};‘i&’{? ell sreuidl
jJandatdry) The importance to lynx of associated eco:rpes, fhclliding | qr 1
SUbalpine fir (Abies lasiocarpa) and geit&lmann:. sprucel (Pices engelmannd); vy
is unknown. Man-caused conversion from quEQQEMLQQgnglgmqugiglgpgmgo_' ¢

-other tree spécies or to odgepole conditions differing from the
escriptions whic Ollow in Sections 3 and § would be detrimental to

iynx.

Y LR
Y4

R e A«

Different

a.food source.

usage (or lack
\)¥PoZésd and

g O¢ above conditions is
needed (i.e. Given that condition (a) is
avoided by 1ynx due to.lac ) y 1t is a prerequisite to conditions
(b), (e¢) and (d) which are capable of providing cover. ria td: ;
resulting from clearcutting or seed tree cutting generally nee

LILCe v e ouiiopte Fesunits),

%) Co - C8Yaturor lynx 1s

typically fqrﬁpigﬁqsion“and hunting. It can be'described as BALL AL O

‘dapatilieii g1 ,fgkegﬁgfnﬁhadultad=nxﬁtrpmayiewqoraa&hqg_'.LG¢_“"_“iﬁ’
'0F 1ess (h{iding cover) T RN TN A BB T B T and composed o

vertical stems (i.e. a densé"stéﬁd“bf“small'trees)}“hbr zontal stems
(i.e., a managed stand with wide tree spacing and low horizontal
branches), down material (i.e., down logs common in older stands of
lodgepole), or a mixture of these (see 4b for stands which qualify).
bﬂﬁﬁhhkbﬁ&%&%‘ﬁﬁqﬁ@ghgcﬁ'p@nengyﬁfacoven};lts importance increases with

ess vertical or horizontal stems, and"during heavy snowfall.

MW Soce Jow. Q84



idip Japd BAE WORE LoUR Linve n? v3lapdnoqqn wl avenl
L Lpdedn suuzdn e §legegbal To SHoRSZEnGR s dEevved
43 dzyvodd nove aayl bis 9ned sonrRans To Eaniisiugh

LoEeiY bas 2mvsanon

\! (15 L4l s ) :_'l:J' T
IMpRz iy
gorduamil 0aR =559

{ grizezeneV

—l' I?-‘ -Ai o2

amanll s laaassal sss sisd soisvoni. bas. aayl S0l TARNASASRT bgd Xl i'l
guI&( o Naed; bust hoas (Uqond Jasne?) 19?@@ "abjvats edadoind sloteponl

yldfecicsay & dotdw (mogi add .q!;nabﬁgan& Lsmge sodeswone 10Y fesshd

ei (boe3 et sasd eqssso q2 Hy Fuesnsuss flpg.hﬁ rus aeilaub Jesnax

L9 modawand INOqHUE Jeds risdrdad o beld Arnsely

pakandee ad Lxmg-.-higm.a&uw-uma_mwm JitYed
Tk aieasd Sepial. %gz _gg'&;-ﬁ &ﬁsﬁﬁﬂ-‘i‘%&_ﬂm _;me .

a1 v'Lamhq sild Qe..,aédlﬂr f.;s-'i'.kd:‘»-. Kyl yeor AF R R
Jnay voyem B Uns Ldﬂﬂ@..ﬂ:[fﬂv”ﬂ ol

desidat mazl g eindl sedpnldusi ?:

y. § EQaQbeﬁJ“?**vnhwa.;ahﬁﬁq (AEF A sernmgis bl gl YEEIshg o'
.J‘H'—Lf T 1‘?4’;-“"‘* . - .
uqx,uhwr_ Jasqyauns briplooEs e wiyi od W R e ¥ wﬂT gﬁ@‘ﬁa-mﬁ rig
;L d..n'lh: L 'P g}l [” P & '{ 2 P ki r} TI
o) mﬂﬁl L pane saals SOTE u?ﬁn_:ﬁ},% b AUZARS0IAE 2aled} St VE TR
g 0 - uagaxﬂuux_ﬂiaqe1» rluiﬁﬂ i At 1-!:|a»uon ha&uﬁ.-;nﬁ Lty el
wdd ol ARETe ,:ﬁﬁe' ! &1_ 70 ud Wi Bo Jﬁ&-ﬁ_ﬁf1glzuﬁga
o8 a‘$=mL¥§%g Er 5 'us;g ERB ISl Gl wo *;;figd' greldsi pesh
Sl .y ' S : -%EL;
L-;E"f.ﬁ_ i?_)&{i}'_ J-r"'# :' fﬁj@j\. ‘ .‘-"- .L‘Lp‘—cenk-u ‘u‘.l‘.'-'! ﬁ{’r_&—“ =4 m‘_;m;.ﬂ.lmu .&m@. ~
T eaxTi0 | . pene.msity.o o) Sedonul srede 808 (LE, it Bl 8 %;ﬂ
. DE “e hnﬂi = nﬂ~ qevey tipd ebivane &2 hJuwnn e1a eHREIR t*v au.awua
dgel =o) S¢ses YoVl oF ancanogmi SAE dsinv RSoasls 11k Lsnwdsuds 1ot sH
iz ‘a‘wMy%ﬂ@ Az rbigne L, gt Uheseiuyyfn s iud J'mﬁ‘ sl .,,m; rave (aLe -'E'r-
TE beditogab] VOO &36&"1ﬂ@ﬂ o8 Bb1a 61 %éﬁm*ﬁaerﬁrﬂkmﬂ %
2 proldibaoe svede wsid gl scpaled @ (BEL AN, (e RIS ﬁﬁ:ﬁ%&in

el (g} sotslsmos Jdand wusvild b bR B ol BERDES wé'nﬂ*k e ) hsbean
i ﬁﬂaJ G2 sdtaiupen$1q & 0! zr’?f?fﬁﬁ’:s NER TS Bub ¥nyd vd bsbiavs
" fgsl  «vevos pullivasg 2 atdeguse o1& Gokiw fu) See (s) (d)
q Vilsnedeg mhliddn ¥8NT DD v gutJJuaﬂaa£a muﬁi_gulééuas

Aptwea Yo S

4 . ?-.-_&L 2 Bl g A 'J»M»-—1EL‘ ll’_'&.gg {ﬁ
R bsdfrozsb ed ass AE 3nksnu3 fas ﬁuinalaf ng_ﬁiifn;qﬁ*
ﬂJﬁﬁk"TQ weld . @o JTJmﬂﬂxhﬁiubu Bl SR h”'—7;£3 &ﬁry
i DAS “'I' ,.,\f,*“g__'ﬁﬂ"% ﬁ:}mfh'hxﬂ e yet smta.r.rh gaall e
tme,, issnax ol Timserd Lhesk T DEER fhel & <9,2) sande fealissy
fednosiion un! tps golanys eend J%.w ¥3 tw hoede bﬂgrﬁ-m 8 ,.=. 11
90 s=hgsdes asbhic Al seemos eabl ‘Auol e & 11 Leitstas Hyes ged vosnd
JindtTeep dolbiy sbitsde =@l OF woz) piafll T6 S4MGINLA R W 'mlhqﬁﬂﬁf
HdEw wszsnaonl possiqoomd 1l '“?09m4‘$dﬂ9!ﬁu i E IR xaﬁﬂsﬂﬁﬁhﬂth*fumRFWQﬁ’
, Ligtwons vvasl Fnt T RIE RS & Fafats Lrod ne Lenliial ?fﬁﬁ

eb wped vopAl J2EST I¥iRL Tay

#IS-,IL; 'a_:'ltl . B 97 : .‘g; ';-.{"f'{-;"; P .



gy e D

»

oy fR e = :
)
-4 l,;/:. . i : L]

f» Z ; v ..gv'..'. "
‘ZCV.;- -k by L %
L

* 4

gacroap N '
LI e ceedl® e e m =
M b X
’ et . - B H
it RN
: " ».
L_f Rtk I R S ity
iy J o . Mt

U

S MBS

“owe g-‘. 1. wiiater
’

"'hfu"ﬂ t Mosen’

- .
c e ecec oo comem = s -

e

Concan




i
3
i
ie

"y *
b N

be e Tan Fud
e ,»»-"‘"“*lmprove succassional stages. -

._W«f;; T < )

r'

o-ﬁ--

WWWVELMHA&TATL.- E

...\ ‘..,.......4~-

*“? D !
o .z : Protect denning areas i
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" How vyu;L WE MAINTAIN s~ow~|oen.s noures AND AREAS?  * *
. ° - Protect exrstrng snowmobrle routes and areas. o -2
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3 HOW WILL WE PROTECT WETLAND RIPARIAN HABITATS?

®.. - _Determine impact to long term site productivity and hydrologic mpm of roading harvesting in
: " ‘wetareas. .

—.-‘ i o Where are wetlands and riparian areas?

"HOW WlLL WE INTEGRATE POTENTIALLY CONFLICTING WILDLIFE AND HECREATION MANAGEMENT
OBJECTNES OF LYNX HABITAT AND RECREATION AREAS?

HOW WILL WE MEET FUTURE MONIT ORING NEEDS? | E

° Collect baseline information for future monitoring. A
e . ~ Develop a monitoring plan.
o lncorporate any momtonng requirements for BROWN, HUMEUB LP, and HARDT timber sales.’
WHAT ARE THE HABITAT NEEDS FOR PINE, MARTEN, FISHER, WOL»ERINE GRAY WOLF
AND GRIZZLY BEAR TR
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2 WO I * How will therr habitat be protected or improved?
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DO NOT REMOVE THIS CONTROL SLIP FROM CORRESPONDENCE

FISH AND WILDLIFE SERVICE BUREAU NO: 91- 4255

CORRESPONDENCE CONTROL UNIT EXEC SEC NO:

ROOM 3012, MAIN INTERIOR DATE RCVD: 08/22/91

208-6231 (FTS-268-6231)

DATE DUE EXEC SEC: /o DATE DUE CCU: / /
DATE DUE WO: /.

ASG TO/INT BY: FWE ACTION: 2 SIGNATURE LEVEL:

FROM/TO: TIPPERMAN DATE OF INCOMING: 7

SUBJECT: REQUEST FOR AN EMERGENCY LISTING FOR THE LYNX AS AN ENDANGERED
SPECIES

INFO CYS TO: AUTHOR: OFFICE:

ROUTED TO: FWE DES

ACTION:

DATE: ogzz @ -
s D5 - T o i acki

—+ 3 = ——mn==

ACTION CODES:

1 PREPARE REPLY 6 REVISE

2 FOR APPROPRIATE ACTION 7 OBTAIN ADDITIONAL SURNAMES
3 SURNAME 8 OTHER - SEE COMMENTS

4 SIGNATURE 9 MAIL/DISTRIBUTE

5 0

FOR INFORMATION PREPARE DRAFT REPLY

FOR CHANGES IN ACTION OFFICE OR SIGNATURE LEVEL, CONTACT CCU: 208-6231 (FTS-268
FOR CHANGES IN DUE DATES, AD/RD MUST CONTACT DIRECTOR AND NOTIFY CCU

DO NOT REMOVE THIS CONTROL SLIP FROM CORRESPONDENCE
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