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CONVERSION TABLE

For those readers who may prefer the commonly used American units, rather than
the metric (S1), the conversion factors for the units used in this report are

given below.

Multiply Metric S(1) Units By To obtain American Units

Centimeters (cm) 0.3937 Inches (in)

Meter (m) 1.0936 Yards {yd)

Kilometers {km) 0.6215 Miles (mi)

Grams (g) 0.0352 Ounces (oz)

Kilograms (kg) 2.2046 Pounds (1b}

Liters (L) 0.2642 Gallons (gal)

Square kilometers (km®) 0.3861 Square miles (mi?)

Square kilometers (km®) 287.1050 Aeres

Hectares (ha) 2.4711 Acres

Kilograms per hectare (kg/ha) 0.8262 Pounds per acre {(lb/acre)

Cubic meters per second 35.7143 Cubic feet per second

Degrees Celsius (°C) (°Cx1.8)+32 Degrees Fahrenheit (°F)
xxxi




Chapter 1
INTRODUCTION

The Alaska National Interest Lands Conservation Act (ANILCA) became law on 2
December 1980 (Public Law 96-487). In addition to the numerous other
provisions contained in the act, Title X (Federal North Slope Lands Studies,
Cil and Gas Leasing Program and Mineral Assessments) included provisions for
an assessment of the resources on the coastal plain of the Arctic National
Wildlife Refuge (Section 1002 - Arctic National Wildlife Refuge Coastal Plain
Assessment). The following materials are the complete text of Section 1002(c)
of ANILCA which mandated the baseline study program.

(c) BASFLINE STUDY - The Secretarv, in consultation with the
Governor of the State, Native Village and Regional Corporations,
and the North Slope Rorough within the study area and interested
persons, shall conduct a continuing study of the fish and
wildlife (with special emphasis on caribou, wolves, wolverines,
grizzly bears, migratorv waterfowl, musk oxen, and polar bears)
of the coastal plain and their habitat. In conducting the
study, the Secretary shall -

(A)assess the size, range, and distribution of the

populations of the fish and wildlife;

(B)determine the extent, location and carrying capacitv of

the habitats of the fish and wildlife;

(C)assess the impacts of human activities and natural

processes on the fish and wildlife and their habhitats.

(D)analyze the potential impacts of o0il and gas exploration,

development, and production on such wildlife and habitats;:

and

(E)analyze the potential effects of such activities on the

culture and lifestyvle (including subsistence) of affected

NMative and other peonle.

Within eighteen months after the enactment date of this Act, the
Secretarv shall publish the results of the studvy as of that date
and shall thereafter publish such revisions thereto as are
appropriate as new information is obhtained.

The initial report for the baseline study (U.S. Fish and Wildlife Service
1982) presented the status of the study as of mid-December 1981. The baseline
study continued from 1982 through 1985, and the following guidelines were
established to define the scope of studies and reports:

1. The baseline reports were intended to provide the current state of
knowledge concerning the fish, wildlife and their habitats, and the
cultural resources on the ANWR study area.

2. The baseline study reports were not decision making documents, nor
were they documents that stated U.S. Fish and Wildlife Service (USFWS)
policies or positions on o0il and gas exploration issues. The
Regulations and accompanying Environmental Impact Statement (U.S. Fish
and Wildlife Service 1983) required by Section 1002(d) of ANILCA
served that function.



2. The baseline studyv reports were not a planning process or document.

4, The haseline study reoorts presented factual information that
described the surface resources of the area, and analvzed the impacts
of the seismic exploration program and potential impacts of further
exploration, development, and production of petroleum resources on
those surface resources.

addition to the initial baseline report (U.S. Fish and Wildlife Service
827, baseline update reports have been bprepared on an annual basis (Garner
Revnolds 1982, Garner and Revnolds 1084, Garner and Revnolds 1085, Garner
Revnolds 1986). These revorts detailed progress on the individual
ojects and included an overall summarv that presented new information,
anges, and additions to the initial report.
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This volume constitutes the final report for the ANWR baseline studv of fish,
wildlife and their habitats, and cultural and subsistence resources required
under Section 1002(c) of ANTLCA. Information was derived from the field
studies conducted from 1981 through 1985 on the ANWR studv area and a
synthesis of available information from other sources, including published
sources, unpublished data, and reports 1in various agency files. Field
investigations conducted from 1982-1985 by USFWS - ANWR staff and cooperators
as well as studies for which refuge scientific permits were issued are
summarized in Table 1. Data from these studies and inventories were also used
to meet ongoing information and monitoring needs and for use in developing
certain sections of the Report to Congress (ANILCA Section 1002(h)).

This report organizes information about the resources of the ANWR study area
into several categories: 1) a general description of the studv area and its
phyvsical environment (Chapter 2):; 2) the state of knowledge about the fish,
wildlife, habitat, and human culture and lifestyle resources of the study area
(Chapters 3, U, &5, A, and 7): 3) the potential impacts of geophysical
exploration and further exploration, development and production of the oil and
gas resources within the study area (Chapter 8). Fach chapter contains a
literature cited section that is specific to that chapter.

Because much of this information will bhe used extensively by professional
biologists and resource managers, the reference citations follow the style
recommended by the CBE Style Manual Committee (1G8). Other conventions
contained in this report were standardized to conform with the general style
of the Journal of Wildlife Management, unless otherwise noted. Usage and
spelling for place names generally follow that of Orth (1967). Place names
mentioned in the text, especially Inupiat names are not listed in Orth (1967),
but mav be found in Jacobson and Wentworth {(1082).




Table 1. studies conducted on the frctic Naticnal Wildlife Refuge coastal plain studv area, 1982-1085,

Resource Year Proiect title Irvestirators Affiliation Teports

Soils and
Vegetation 1982 Landsat-

sisted D. Walker Univ. Ceclorado CPRFL Report £2-37

environmental ¥, Aceveda Technicolor Gov. Serv. on file, ANV Fairbarks
mapping in the NASA/Emes Res. Cent.

Arctic National K. Fverett Chio State Univ.

Wildlife Refuge, L. Gavdos 0SGS

Alaska

NASA/Ames Res. Cent.

J. Brown U.S. Army Coro of Fnz.
(CRRFL)
P. Webher Univ. Color

Vascular plants at Univ. Alaska, Status unknowm

Sadlerochit spri Fairbanks

1983 1:63,3A0 scale i Uriv. Colorado Geohotanical mao
geobotanical mapping P. Hebher Univ. Colorade on file, ANWFR,
studies in the Arctic K. Fverest Ohio State fniv. Fairbanks
National Wildlife
Refuge
Cooperative land 7. Marcon SFWS, fAnchorage Work in progress
cover/terrain 2. Talhat EFHR ) Enchorape
mapping of the M. Shashy M15G3, Anchorage
Arctic Mational L. Strone USGS, Anchorage
Hildlife Refuse L. Pank HSFHS

rry

Status imknown

Soil evolution and
biocseochenical
are

. Upoling

8

dynamics in tie
Alaska
Studies on balsam M. Fdwards niv. Washinpton
poplar P. Dunwiddie Iniv. shinfton
1984  Cooperative land USFUS, Anchorage Work in progress
cover/terrain [ISFWS, fAnchorape
mapping of the ANWE J8GS, Archorase
[

FEffects of winter . Felix HSFHS~aMER Frosress
seismic exploration T. Jorgenson Fairbanks Peport Mo, FYSG5-
on the coastal Tmpacts™

plain of the Arctic

National Wildlife

Refuge, Alaska, 1084

So0il evolution and F. Ugclini Onir, shineton Status unknovin

biogeochemical
dynamics in arctic

Alaska

Mapping vegetation, K. Von Schleider Snvironmental Status un
land-forms and soils Svatems Reszearch

for resource inven- Institute,

tory and geographic Redlands, CA&

information tern

1985 Effects of winter 3
seismic trails on
visual resources, M
vegetation, and R
permafrost on the L. Rlank
coastal plain of B
the Arctic National
Wildlife Refuge 3

UREWS-A

. Lance




Project title

Investigators

Affiltiation

Reports

Birds

1082

Airphote analvsis of
seismic trails on
the coastal plain of
the Arctic MNational
Wild1ife Refuge

Snow distribution on
the coastal plain of
the Arctic National
Wildlife Refuga

Accuracy assessment
of Landsat land
cover types

Landsat cover map
for the Arctic
National Wildlife
Refuge

Seasonal toxin
production in plants;
revegetation of dis-
turbed areas (Oknilak
River)

S0il evolution and
hicgeochemical
dvnamics (Okpilak
River)

Terrestrial bird
vopulaticns and
habitat use on
coastal plain tundra

of the Arctic National

Wildlife Refuge

Migratory bird use of

the coastal

coastline within
; Arctic National
Wildlife Refure,
Alaska, 1981 and 1082

Distribution,
abundance, and
productivity of
whistling
coastal w ands of
the Arctic National

Wildlife Refuge, Alaska

D4

stribution,
undance, and

productivicv of

fall stag: lesser
snow gee in coastal
habitats of northeast
Alaska and northuest
Canada, 1080 and 1081

tem of the Beaufort

Jans in the

M. Fe

g

X
T. Jorgenson
M. Pavnolds
7. Lipkin
. Rlank
B. Lance
Felix

T. Jorgenson
M. Ravnotds
R. Lipkin

D. Blank

B. Lance

L. Pank

Pilanning

D. Marrett

M, Spindler

jav)

R. Bartels
M. 7ellhoefer

R. Bartels
M, Zellhoefer
P, Miller

M, Spindler

ISFUS-ANWR,
Fairbanks

USFWS-A }
Fairbanks

USFWS-Rezearch
Fairbanks

Univ, Washington

3

Univ. Washington

U

USFWS-ANWR,
Fairbanks

USFHS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

ANWR Pro
Peport No.

'R Progress
Report No. 86-119

Denver Wildlife
Research Center
Progress Report
FY86-1

Work In preogress

Status unknown

1084 NEF Progress
Report on “ile,

ANWER, Fairbanks

ANWR Progress

Report No. FY82-R%

ANWR Progress
Report No. FY§2-2@

ANWIR Progress
Report No. FY83-22

ANWR Progress
Repert MNo. FY83-12




Table 1.

Resource Year

1983

1984

Continued

Project title

Irvestipators

Affiliation

Reports

Distribution,
ahundance, and
productivitv of

fall staging lesser
snow geese in coastal
habitats of northeast
Alaska and northwest
Canada, 1082

Terrestrial bird
populations and habitat
use on coastal plain
tundra of the Arctic
National Wildlife
Refuge, Alaska

Species accounts of
migratory birds

at three study areas
on the coastal plain
of the Arctic
National Wildlirfe
Refuge, Alaska, 1983

Migratory bird use of
the coastal lagoon
svstem of the Beaufort
Sea coastline within the
Arctic National Wildlife
Refuge, Alaska, 1983

Movement of molting
oldsquaw within the
Beaufort Sea coastal
lagoons of the Arctic
National Wildlife
Refuge, Alaska, 1983

Distribution,
abundance, and
productivity of fall
staging lesser snow
geese on coastal
habitats of northeast
Alaska and northwest
Canada, 1983

Distribution,
abundance, and
productivity of
tundra swans in
coastal wetlands of
the Arctic National
Wildlife Refuge,
Alaska, 1983

Terrestrial bird
populations and
habitat use on
coastal plain tundra
of the Arctic
National Wildlife
Refuge

Species accounts of
migratory birds

at three study areas
on the coastal plain
of the Arctic National
Wildlife Refuge,
Alaska, 1984

M,

M.

-

g0

=

M.

Spindler

Spindler
Miller
Moiteoret

Spindler
Miller
Moitoret

Bartels
Dovle

Bartels
Dovle
Wilmers

Spindler

Bartels
Dovle

Moitoret
Miller
Oates
Masteller

Miller
Moitoret
Masteller

USFUS-ANWR,

Fairhanks

USFWS-ANWR,
Fairbanks

USFWS-ANWE,
Fairbanks

USFW3S-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFUS-ANWR,
Fairbanks

LNWR Progress
Rencrt MNo. Y

ANWR Progress
Report No, FYRU.a®

ANWR Progress
Report No. FY8M_13D

ANWR Progress
Report No. FY84_7b

ANWR Progress
Report No. FY84-p7

ANWR Progress
Report No. FY84-2D

ANWR Progress
Report No. FY84_8b

ANWR Progress
Report No. FY85-13¢

ANWR Progress
Report No. FY&5-14€



Continued,

Resource Year Project title Investigators Affiliation Reports
Migratory bird use of A. Brackney USFWS-ANWR, ANWR Prosress
coastal lagoon system J. Morton Fairbanks Report No. FY85-11¢C
of the Beaufort Sea J. Noll
coastline within the
Arctic National
Wildlife Refupe,
Alaska, 1984
Movements of molting A. Brackney USFWS-ANWR, ANWR Progress
oldsquaw within the J. Morton Fairbanks Report No. FY85-12¢
Reaufort Sea coastal J. Noll
lagoons of the Arctic M, Masteller
National ¥Wildlife
Refuge, Alaska, 1084
Distribution, R. Oates USFHWS-ANWR, ANWR Progress
abundance, and A. Brackney Fairbanks Report No. FY85-7€C
productivity of M. Masteller
fall staging lesser
snow geese on ceastal
habitats of northeast
Alaska and northwest
Canada, 1984
Ecology of lesser snow A. Brackney SFUS-ANWR, ANWR Progress
geese staging on the M. Masteller Fairbanks Report No. FY85-8¢
coastal plain of the J. Morton
Arctic National Wildlife
Refuge, Alaska, fall
1684,
Distribution, A. Brackney USFWS-ANWR, ANWR Progress
abundance, and J. Morton Fairbanks Report No. FY85-10¢
productivity of J. Noll
tundra swans in the M. Masteller
coastal wetlands of
the Arctic National
Wildlife Refuge,
Alaska, 1984
Distribution and F. Mauer USFWS-ANWR, ANWR Progress
relative aburdance Fairbanks Report No. FY85-3¢
of golden eagles
in relation to the
Porcupine caribou herd
during calving and
post-calving periods,
1984
Rirds and mammals R. Gill USFWS, Anchorage Trip report on file,
along the Hulahula M. Amaral ANWR, Fairbanks
1485 Terrestrial bird R. Oates USFWS-ANWR, ANWR Progress
populations and D. Douglas Fairbanks Report No. FY 86-174
habitat use on M. McWhorter
coastal plain tundra C. Babcock
of the Arctic R. Field
National Wildlife S. Gehman
Refuge T. Maxwell
J. Morton



Table 1.

Resource

Mammals

Caribou

Continued.

Year

Project title

Investigators

Affiliation

Reports

1382

Species accounts of
migratory birds at
eight study areas on
the coastal plain

of the Arctic
National Wildlife
Refuge, Alaska

Migratory bird use of
the coastal lagoons
svstem of the Beaufort
Sea coastline within
the Arctic National
Wildlife Refuge,
Alaska, 1985

Habitat use and
behavior of molting
oldsquaw on the
coast of Arctic
National Wildlife
Refuge, Alaska, 1985

Distribution,
abundance and
productivity of

fall staging lesser
snow geese on coastal
habitats of northeast
Alaska and northwest
Canada.

Ecology of lesser
snow geese on coastal
plain of the Arctic
National Wildlife
Refuge, Alaska, fall
1985

Distribution,
abundance and
productivity of
tundra swans in
coastal wetlands
of the Arctic
National Wildlife
Refuge, Alaska,
1085

Distribution and
relative abundance

of golden eagles

in relation to the
Porcupine caribou herd
during calving and
post-calving periods,
1985

Evaluation of
techniques for
assessing neonatal
caribou calf
mortality in the
Porcupine caribou
herd

Oates
McWhorter
Douglas
Babcock
Field
Gehman
Maxwell
Morton

™m0 O

< 3

A. Brackney
R. Platte
J. Morton

A. Brackneyv
R. Platte

Oates
Bracknev
McWhorter
Platte
Morton

G. Muehlenhardt
Bitler

m >

[»)

Brackney
. Platte
Morton
thiting

foo QRGPS ¢ B =Y

A. Bracknev
R. Platte

F. Mauer

F. Mauer
G. Garner
L. Martin
G. Weiler

USFWS-ANWR,
Fairbanrks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

ANWR Progress
Report No. FY 86-18d

ANWR Progress
Report No. FY 86-174

ANWR Progress
Report No. FY 86-171

ANWR Progressa
Report No. FY86-1nd

ANWR Progress
Report No. FY 8A-117

ANWR Progress )
Report No. FY8A-13¢

ANWR Progress
Revort No. Fy86-ud

ANWR Progress
Report No. FY £3%-n&




Continued,

Temoarce Year Project title Investigators Affiliation Reports

Fall, winter, and K. Whitten Alaska Dept. of ADF&G Interim
spring distribution R. Cameron Fish and Game Report, 19827
of the Porcupine (ADF&G), Fairbanks
caribou herd;
1081-1082
Size and composition K. Whitten ADF&G, Work in progress
of the Porcupine R. Cameron Fairbanks
caribou herd, 1082
Studies of the Central R. Cameron ADF&G, Work in progress
Arctic caribou herd K. Whitten Fairbanks
Surveys of the Central Renewable Status unknown
Arctic caribou herd Resources

Consulting

Services Ltd.,

Anchorage
Migratory erergetics I.. Duguette Univ. Alaska, Work in progress
of ecarihou Fairbanks (M.S. Thesis)

1683 Jize and composition K. Whitten ADF&G, ADF&G Interim

of the Porcupine R. Cameron Fairbanks Report, 1983b
caribou herd, 1082
Calving distribution K. Whitten ADF&G, ADF&G Interim
and initial R. Cameron Fairbanks Report, 1983b
productivity in the
Porcupine caribou
herd, 1982
Studies of the K. Whitten ADF&G, ADF&G Preliminary
Porcupine caribou Fairbanks Report, 198yb
herd, 1982-1083
Calving distribution, K. Whitten ADF&G, Fairbanks ANWR Progress
initial productivity, . Garner USFWS-ANWR, Report No. FY8u-12b
and neonatal mortality F. Mauer Fairbanks
of the Porcupine
caribou herd, 1083
Probe: Spatial and L. Pank USFWS-Research,
temporal distribution E. Friedman Fairbanks DWRC Progress
of biting and C. Curby Report, 19840
parasitic insects on A. Jones
the coastal plain and
ad joining foothills
of the Arctic National
Wildlife Refuge, Alaska
Yearling mortality Yukon Dept. of Work in progress
study of the Porcupine Renewable Resources
caribou herd Whitehorse, Y.T.
Spring migration and Canadian Wildlife Work in progress
staging of male Service (CWS),
caribou in the Whitehorse, Y.T.
Porcupine caribou herd
Behavioral, foraging, L. Duaguette Univ. Alaska, M.S. Thesis

and movement patterns
of a cow caribou
during spring
migration of the
Porcupine caribou herd

Fairbanks



Table 1.

Resource

continued.

Year

1984

1085

Project title Trvestipators

pAfFiliation

Reports

Davelopment and R.
alteration of movement X.
patterns in the Central
Arctic caribou herd

surveys of the Central
Arctic caribou herd

Surveys of the Central
Arctic caribou herd

Fall and winter K. Whitten
moverents, F. Mauer
distribution, and G. Garner
annual mortality D.

patterns of the
Porcupine caribou
herd, 1983-1984

Calving distribution, K.Whitten
initial productivity, F. Mauer

and neonatal G. Garner
mortality of the

Porcupine caribou

herd, 1984
Probe: Spatial and L. Pank
temporal distribution C. Curbv

of biting and R. MNankivell
parasitic insects on C. Simon
the coastal in and R. Yrieht
adjoining foothills

of the Arctic Naticnal

Wildlife Refuge

Yearling mortality D. Russell
of the Porcupine
caribou herd

Spring migration and A. Martel
staging of male D. Russell
caribou in the

Porcupine caribou herd

Occurrence of Central R.Cameron
Arctic herd caribou K. Whitten
in the Arctie

National Wildlife

Refuge during the

soring and summer

Fall and winter K. Whitten
movements, F. Mauer
distribution, and G. Garner

annual mortality
patterns of the
Porcupine caribou

herd, 1985
Movements of the F. Mauer
Porcupine carizon ¥, thitten

herd prior to, during, G. Garner
and after calving

Mortality of neonatal F. Mauer
caribou calves in the G. Garner
Porcupine herd K. Whitten

ADF&G, Fairbanks

Renewable Resources
Consulting Scrvices
Ltd., Anchorare

Alaska Biological
Research, Fairbanks

ADF&G, Fairbanks

USFWS-ANWR, Fairbanks
USFWS-ANWR, Fairbank
CWS, Wnitenorse Y.T.

ADF&G, Failrbanks
USFWS-ANWR, Fairbanks
USFWS-ANWR, Falrbanks

USFY

S-Research,
Fairbanks

Yukon Dept. of
Renewable Resources,
Yritehorse, Y.T.

CWS, Whitehorse,
Y.T.

ADF&G,
Fairbanks

ADF&G, Fairbanks
USFWS-ANWR, Fairbanks
USFWS-ANWR, Fairbanks

USFWS-ANWR, Fairbanks

USFWS-ANWR, Fairbanks
USFWS-ANWR, Fairbanks
ADF&G, Fairbanks

ADF&G Tnterim
Report on Tile,

ANWR, Fairbanks

Status unknown

unknown

ANWR Prosress
Report No. FY85-17€¢

ANWR Propgress
Report No. FY85-18¢

DWRC
Progress Report®

Work in progress

Work in progress

ADF&G Preliminary
Report, 1985¢

ANWR Progress
Report No. FYBA-21d

ANWER Progress

Feport HNo. FYR6-6C

ANWR Progress X
Report No. FY86-22%




Year

Project title

Investigators

Affiliation

ports

Muskox

1982

106873

1984

Porcupine caribou herd
population census

Distribution of
biting and parasitic
insects which may
affect Porcupine
caribou

Assessment of impacts
on Porcunine caribou
herd

Movements of satellite
collared caribou in
the Porcunine and
Central Arctic herd

Movement patterns in
in the Central Arctic
caribou herd in the
Arctic National
¥Wildlife Refuge in
spring and summer

Population size,
productivity, and
distribution of
muskoxen in the
Arctic National
Wildlife Refuge,
Alaska

Comparative habitat
use hv muskoxen in
northern Alaska

Population dvnamics
and distribution of
muskoxen in the
Arctic National
Wildlife Refuge,
Alaska

Comparative habitat
use by muskoxen in
northern Alaska

Population and herd
dynamics, distri-
bution, movements,
and habitat use of
muskoxen in the
Arctic National
Wildlife Refuge,
Alaska, 1982-1984

Effects of winter
seismic exploration
activities on
muskoxen in the
Arctic National
Wildlife Refuge,
Alaska, Januarv - May
1984

Compartive habitat
use by muskoxen in
northern Alaska

K.

et

=

o

a D

=4 3

C.

Whitten
al.

Pank

Panlk

Pank

Repelin

Cameraon

Revnolds
Martin
Weiler

O'Brian

Revnolds
Martin
Wilmers
NDovle

O'Brian

Revnolds
Martin
Weiler
Noll
Morton

Reynolds
LaPlant

O'Brian

10

ADF&G, Fairbanks

USFHS~Research,
Fairbanks

USFWS-Research,
Fairbanks

USFWS-Research,
Fairbanks
ADF&G, Fairbanks

ADF&G, Fairbanks

USFWS-ANT Fairbanks

Univ. Alaska,
Fairbanks

USFHS-ANWR,
Fairbanks

Univ. Alaska,
Fairbanks

USFWS-ANWR,
Fairbanks

USFUHS-ANWR,
Fairbanks

Univ. Alaska,
Fairbanks

ADF&G Report
DWRC Progress

Report No. FYR6_p

DWRC Progress
Report No. FY8A-3d

DWRC Progress
Report No. FYg6-ud

ADF&G Report on
file ANWR, Fairbanks

ANWR Progress
Report No. FY83-74

)

Work in progress
(M.2. Thesis)

ANWR Progress
Report No. FY&L-107

Work in progres=z
(M.3, Thesisa)

ANWR Progress
Report No. FY&85-1€

ANWR Progress
Revort No. FY85-2¢

Work in progress
(M.S. thesis)



Table 1.

Resource

Moose

Marine
Mammals

Continued.

Year

1983

1984

1985

1982

1983

Project title

Investigators

Affiliation

Reports

Fcology of muskoxen
on the Arctic
National Wildlife
Refuge, 1982-1985

Movements and activity
patterns of a satellite
collared muskox on

the Arctic National
Wildlife Refuge,
1984-1985

Fffects of aircraft
overflights on
muskoxen on the
Arctic National
Wildlife Refuge,
1982-1985

Fffects of winter
seismic exploration
activities on

muskoxen on the Arctic
National Wildlife
Refuge, 1982-1985

Comparative habitat
use by muskoxen in
northern Alaska

Population size,
composition, and
distribution of moose
along the Canning and
Kongakut Rivers within
the Arctic National
Wildlife Refuge,
Alaska, fall, 1987

Population size,
composition, and
distribution of mcose
along the Canning and
Kongakut Rivers in
the Arctic National
Wildlife Refuge,
Alaska, spring

and fall, 1984

Population size,
composition, and
distribution of moose
along the Canning and
Kongakut Rivers in
the Arctic National
Wildlife Refuge,

1985

Polar bear population,
movements, and denning

Polar bear population,
movements, and denning

Bowhead tissue sample

el

Revnolds
Herriges
. Masteller

=

P. Reynolds

P. Revnolds

P. Revnolds

C. O'Brian

L. Martin
G. Garner

L. Martin
G. Garner

G. Garner

S. Amstrup
S. Amstrup
T. Albert

11

USFHWS-ANWR,
Fairhanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

Univ. Alaska,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USFWS-ANWR,
Fairbanks

USF¥S-Research,
Anchorage

USFWS-Research,
Anchorage

North Stope
Fnvironment

Protection Office,

Barrow

ANWR Progress
Report No. FY86-2d

ANWR progress
Report No. FY86-5d

ANWR Progress
Report No. FY86-84

ANWR Progress
Report No. Fy86-24d

Work in progress
(M.S. thesis)

ANWR Progress
Report No. FY 84-y°

ANWR Progress
Report No. FY 85-6C

ANWR Progress
Report No. FY 86-99

Work in progress

Work in progress

Status unknown




Affiliation

Reports

1083

Polar population,
movements and denning

RBowhead whal

Polar bear populati
movements and de

O of brown bears
?h1ul¥r the coastal

px%ii and adjacent
f and

ort
ic Nat

of the Arct

Wildlife Refuge

Eablitat use and
activities of grizziy
hears in e Arctic
National diife
Refuge

Feology of Rrﬂww woqu
inhabiting
plain and

northeastern portion
of the fAretic National

Wildlife Refuge

Hahi
pehavior
bears in
Arctic National
Wildlife Befuge

Feology of brown be
inhabiting the nﬁq%r1
nla and
foothills
mountaing of the
northern portion
of the Arctic Hatio
Wildlife Refuge

Habitat use and
hawvi g

benavior of grizzly
hears in the

Arctic National
Wildlife Refuge

Feology of hrown bears
inhaniting the

in the nort

“f”th“ of the

up

5. Garner

H. Reynolds

7. Dovlie

M, Phillips

G. Garner
H. Bavncolds
L. Martin
G. Weller
J. Morteon
J. Noll

M, Phi

Garner

J. Hﬂrr ges

5, Weller

rner
teller

12

USFWS-ANWR,

ﬂ(

airbanks

Univ., Alaska,
airbanks

USPHS-ANWR, Fairbanks
ADF&G, rbanks
USFES- R, Fairbanks

Univ, Alas

Fairbanks

Fairban

Work in progrezs

ANWR Progress
Report Mo. FYBR.82

Prelim. re

port,

Dept. of Wildiife
d Fisheries
{M.S. Thesis)

UWR Progress
Report No.

ANWE Progress
Report No. Fy8u-1b

ANWR Progress
Report No.

Work in prog
{M.8.




able 1. Continued.

Investigrtors Affiliation Fenorts

Resource Year

Brown bea

techniqus

ADF&D,

Habitat use 4 M, Pnillips Univ,
behavior of grizzly Fairbanks

bears in the
Arctic Mational
Wildlife Refupe, Alaska

Wolf Prev utilizaticn by H. Haugen Untw. Alaska, ENWR Prosress
wolves and a Fairbanks Heport No. FYBH.=D

prelimi
of wolf and
densities in
drainages within
National

ilife Refuge, Alaska

1084 Wolves of the Arctic G. Weller USFHS-ANWER Fairbanks ANWE progr
National Wildlife G. Garner Raport No. FYAR.&@
Refuge: Their L. Martin
EX . Regelin ADF&G, Fairbanks

Prey u ization by H. Haugen Univ. Alaska, ANVR Progress
wolves in two Fairbanks Report No, FY85-4¢
drainages within the

Arcetic National

Wildlife Refuge

and a preliminary
description of

wolf pack behavior
arcund the den in the
Kongakut River drainage

1485 Food habits of wolves G, Weiler USFWS~ANWR, ANWH Progress
in the Ar Fairbanks Report No. FY86-19d
Hational
Refuge

Ecelogy of wolves G, Weller USFWE-ANWR, ANVIR

35
on Arctice National Fairbanks Repor )

Y867

Preogres
t No. F

Foed habits of H. Haugen USFWE-ANWER ANUR Progress
wolves on the Fairhanks Report HNo. FY86-3¢
Kongakut River

1587 Eoology of aretic B. Burgess Univ., Alaska, M.S, Thesis
foxes at Demarcation Fairbanks

Bay
1o8h Distribution and F. Mauer USFWS-ANWR, ANWR Procress
abundance of Fairbanks Report No. FYB5-14C

wolverines in the
northern portion of
the Arctic Naticnal
Wildlife Refuge

13



Table 1. Continued.

Foesource Year Project title Investigators Affiliation Reports
Small 19873 Microtine rodents and C. Babhecock Univ. Alaska, ANWR Progress
Mammals ground squirrels of Fairbanks Report No. FY8u4_3b

the coastal plain and
foothills of the Arctic
National Wildlife
Refugsn: distributions,
densities, and general

ecology
1084 Microtines and C. Babecock Univ. Alaska, ANWR Progress
ground sguirrels of Fajirbanks Report No. FY85-15C

the coastal plain

of the Arctic National

Wildlife Refuge:

Notes on distributions,
densities, and general

ecology

Small mammal specimen S. MeDonald Univ. Alaska, Results on file,

collecting Fairbanks ANWR, Fairbanks
1685 Microtine rodents and C. Babcock Univ. Alaska, ANWR Progress

ground squirrels of Fairbanks Report No. FY86-15d

the coastal plain and
foothills of the Arctic
National Wildlife
Refuge: distribution,
densities, and general

ecology
Food habitats of C. Babecock Univ. Alaska, ANWR progress report
microtine rodents Fairbanks Report No. FY86-20d

on the Arctic
National Wildlirfe

Refuge
Vegetation patterns C. Babcock Univ. Alaska, M.S. Thesis
and microtine rodent Fairbanks

use of tundra
habitats in
northeastern Alaska

Fish
1982 Aquatic studies on M. Smith USFWS-Fairbanks FFR Progress
the north slope of R. Glesne Fishery Resources Report FY83-1a
the Arctic National (FFR)

Wildlife Refuge
1981 and 1982

Environmental L.G.L. Feological Final report for
characterization Research Associates Outer Continental
and biological use of Inc., Brvant, Texas Shelf Environ.
lagoons in the eastern Assessment program
Beaufort Sea NOAA, Juneau

1983 Fisheries studies on D. Daum USFWS-FFR, FFR Progress
the north slope of P. Rost Fairbanks Report No. FY 8u_1b
the Arctic Mational M. Smith

Wildlife Refusge, 1083

Abundance, R. Glesne USFWS-FFR, FFR Progress
distribution, and S. Deschermeier Fairbanks Report No Fy8u-ob
diversitv of aguatie

macroinvertebrates

on the north slope

of the Arctic National

Wildlife Refuge, 1082

and 1983
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ie National
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ponds

coastal

Fisheri

Notes on the age
growbth, distrim
and summer fee

teg of arctic

3w

el

Lagoon, Arctie

National

investigations on the
{ongakut Rivear,
Arctic National
Wildlife Refuge

fond

-amoit

soyrce Year title
Aquatic survey of bhe
Kaktovik dred Servi Rorons on
nperation, 1€ Anchicy ANWR
198y R.

D. Wiswar

P. Craig
J. Hobble Fo stems Centeor Fi

Marine Binlogical F

Laboratory, 1z

Weods Hol Ma Wa
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R. R- 14
D s

"

Fairhanks
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Investigators

Freliminary
archaeological
and historical

rescuarece

reconnaissance of the
coastal plain of the
vetic National
wWildlire Refure

Valztoviic area oultural
resource snrvey

Suhzistence land use

! clire for
and central north
alope communitias,

Alaska

AsTern

al
asnesanent of proposed
ANWR 01l and gas
exploration

Saciocul fy

ons and recent
natterns in
kboevik, northeast

Do Linby

. Pederson

R, Worl

P. MceMillan
T. Lonner
S. BReard

i¥5}

. Pederson
M. Coffing

Affiliation

Edwin Hall and
assoclates

Univ., Alaska,
Fairbanks

ADF&G-Su
Fairbanks

i

AEIDC, Anchorage

ADF%G-Subsistence,
Fairbanks

Report on file,
ANWR, Fairbanks

Preliminary report to
torth Siope Rorough,
on file, ANWR,
Fairbanks

Work in progress

Report completed, for
ARIDC, Anchorage on
file, ANWR, Fairbanks

ct paper No, 42
ADF&G vision
of Subszistence

Fairbanks, on file,
ANWR, Fzirbanks
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CHAPTER 2
NDESCRIPTION OF THE STUDY ARFA
Location

The study area is an irregularly shaped portion of the northern coastal plain
and foothills of the Arctic MNational Wildlife Refuge (ANWR), 1lying between
1420 and 146° W and north of 69°34'N, covering approximately 620,000 ha. It
includes 135 km of Beaufort Sea coastline between the mouths of the Canning
and Aichilik Rivers (Fig. 1), excluding approximately 50 km of coastline of
26,700 ha owned by the Kaktovik TInupiat Corporation (Fig.2). The village of
Kaktovik (population 203 in 1983) and the adjacent U.S. Air Force Distant
Early Warning (DFW) site on PRarter Island represent the onlvy vermanent
gsettlement in close oproximity to the study area.

Land Status

ANWR is bordered on the east by the Yukon Territory, Canada. Adjoining lands
along the western and portions of the southern beoundaries of ANWE were
selected by the State of Alaska under the provisions of the Statehood Act and
Alaska Native Claims Settlement Act (ANSCSA) Public Law 92-203. Also adjacent
to the southern boundarv of the refuge is the Yukon Flats National Wildlife
Refuge.

Approximately 26,700 ha of land within the ANWR boundary along the arctic
coast between Camden Bay and Oruktalik Lagoon (Fig. 2) has bheen conveved to
the Kaktovik Inupiat Corporation (KIC) according to provisions of the AMCSA,.
ANILCA provided for an exchange of lands which would allow for conveyance of
an additional 9,324 ha of refupge lands to KIC, which are adjacent to existing
corporation lands. This exchange has not yet been combpleted. Native land
entitlements within the refuge (except for Barter Isiand) originally included
surface rights only. The subsurface estate was retained by the Federal
government. The Federal government and the Arctic Slope Regional Corporation
(ASRC) signed a land exchange agreement on 9 fAugust 1982 which transferred
ownership of the subsurface estate beneath the KIC lands from the government
to ASRC in exchange for ASRC holdings outside of ANWR. Public easements
across Native lands for trails, survey access, utilities, and ftransportation
of energy, fuel, and natural resources were reserved.

Forty-four approved Native allotments and allotment applications pending final
adjudication are located within the ANWR study area, primarily along the coast
and certain rivers (Fig. 2). Five allotments had been approved by August 19085,

Physiographic Setting

Two of the major physiographic provinces of MNorth America evtend into northern
Alaska -- the Interior Plains and the Rocky Mountain System. The Arctic
Coastal Plain is the only portion of the Interior Plains in Alaska, while the
Brooks Range and Arctic Foothills represent the northernmost extension of the
Rocky Mountain System (Wahraftig 1965). This entire area lies north of the
Arctic Circle, between 141° and 166° West.
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The Brooks Range 1is a bow-shaped belt of rugged mountains extending nearly
1006 km from the Canadian border to Cape Lisburne on the Chukchi Sea, apg
rising in elevation to over 2700 m in 1its eastern sections. The Romanzof
Mountains of the eastern Brooks Range curve north to within 30 km of the
Arctic Ocean. The range forms an abrupt scarp on the north side, where it
faces the low, rolling plateaus and mountains of the Arctic Foothills, which
in turn range from 180 to 1700 m in elevation. In the eastern Arctic, the
belt of foothills is more restricted and the Romanzof Mountains front almost
directly on the study area.

The 180 m contour is generally considered to represent the break separating
the Arctic Foothills from the Arctic Coastal Plain, although this distinction
iz liess apparent in the eastern seetions. The coastal plain rises gradually
from sea level, with 1its shore generally rising less than 15 m, and frequently
lezs than I m above the Beaufort Sea. The Arctic Coastal Plain province is
narrow (1%5-2% km) ard not well defined at 1its eastern end, widens to
approximately 160 km south of Point Barrow, then converges with the Arctic
Foothills at Cape Beaufort. Wahraftig (1965) divides the Arctic Coastal Plain
province 1into the flat, lake-dotted Teshekpuk section on the west and the
gentlv undulating White Hills section to the east. The ANWR study area lies
entirely within the latter section. Except for a few small areas of flat
coastal plain, most of the terrain is rolling and merges gradually with the
Arctic Foothills to the south that comprise a large proportion of the total
staady area.

The frctic Cozstal Plain is poeorly drained, and crossed by rivers of generally
low gradient which head in the highlands and mountains north of the Arctic
Divide. While rivers of the western coastal plain (such as the Colville and
Meade Rivers) tend to be meandering and deeply incised, those to the east run
more directly north and display the bhraided channels and broad gravel
flocdplains characteristic of glacial streams. Some of the eastern rivers,
iraining the higher, glacier-clad mountains of the Brooks Range, are actively
building deltas into the Arctic Ocean. Within ANWR, the largest drainages are
“hose of the Canning and Kongakut Rivers, the latter flowing enrntirely within
the ANWR wilderness east of the study area. The principle drainages within
the study area are the Canning, Tamayariak, Katakturuk, Sadlerochit, Hulahula,
Ckpilak, Jago, and Niguanak Rivers (Fig. 2).

T

coastline of the Beaufort Sea is irregular and characterized by a series
f parrier islands and lagoons, beaches, submerged bars, spits, and river
eltas resulting from longshore erosion, transport, and deposition of fluvial
marine sediments. This is in contrast with the Chukchi Sea coast to the
west of Point Barrow, which is more regular with fewer islands, inlets, and
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Bedrock Geology

The regional geology of the Arctic Coastal Plain has been reviewed by Adkison
and Brosge (1970), U.S. Navy (1977), and Mast et al. (1980). Descriptions of
rock units within the eastern coastal plain can be found in Reiser et al.
(1973 and 1G80). The following discussion 1is derived largely from these
sources.
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R study area is located in an area of stratigraphic and structural
The ANW! where 13 regional sedimentary provinces (the Arctic Platform,
oompleXlty’eosyncline and Camden-Demarcation Basin) and 2 major structural
Colvil'e :ihe Brooks Range fold belt, Barrow Arch, and Barrow Platform edge)
features and overlap. This rock seguence has been further complicated by a
conYePSeof erosional unconformities which have resulted from removal of
serzfzns of the sequence during the geologic past. Beneath this sequence is a
g:;ement of pre—Mississjppian age, an extension of metasedimentarv rock units

exposed in the Brooks Range.

The Arctic Platform is a product of an early major depositional episode, which
began in pre-Mississippian time and continued through the Jurassic period (400
to 150 million years ago). The rocks of this sedimentary group consist of
marine or fluvial clastic and carbonate deposits (shales, siltstones, and
sandstones), which formed when northern Alaska lay beneath a shallow sea and
the source of sediments was a major land mass to the north.

A second major depositional period occurred during the Cretaceous period (130
to 70 million years ago), when folding, overthrusting, and general uplift
along the Brooks Range geanticline to the south and the Barrow Arch to the
north formed the Colville geosyncline, a depositional basin filled by fluvial
and marine clastic sediments to form calcareous sandstones, siltstones and
shales. These deposits are very thick under the western arctic, and are thin
and truncated to the east.

IInderlying most of the eastern Arctic Coastal Plain are deposits which filled

the Camden-Demarcation Basin. These range from Upper Cretaceous and Tertiary
fluvial and marine clastics such as calcareous sandstone, siltstones, and
shale, to nonmarine strata of conglomerate, sandstone, micaceous and

carbonaceous siltstone, and shale. Closer to the coast, these are overlain by
Upper Tertiary sediments of the Sagavanirktok Formation.

Quaternary Geology

Glaciers covered about half of Alaska during the Quaternary period. Most of
the ice was concentrated in the 2 major mountain belts: the Alaska Range and
coastal mountains in southern Alaska and the Brooks Range to the north.
Largely due to lower precipitation and elevation in interior and northern
Alaska, these areas remained unglaciated, and the northern and southern ice
masses did not coalesce (Coulter et al. 1965, Flint 1971). This left the
Brooks Range ice distinct from the Cordilleran Glacier Complex. During
Illinoian and Wisconsin time, the system of valley and piedmont glaciers was
considerably more extensive on the south flank of the Brooks Range than on its
north side, evidence that the primary source of moisture came from air masses
Moving north and northeast from the Pacific Ocean, a pattern similar to that
of the present day (Hamilton and Porter 1975, Pewe 1975). Somewhat more area
was covered by Illinoian and pre-Illinoian glaciers than Wisconsin glaciers,
barticularly in the western Brooks Range, but also in the northeast portion of
the range. Late Wisconsin and Holocene age glaciers were successively less
extensive (Coulter et al. 1965).
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flthough most of the Arctic Coastal Plain remained unglaciated during the
Pleistocene, glacial moraines of early or middle Pleistocene age do extend to
within 30 km of the present coastline on portions of the narrow eastery
cocastal plain where the high mountains are in closer proximity. All of the
coastal plain 1s covered by a mantle of Quaternary age glaciofluvial apg
marine deposits known as the Gubik Formation, which ranges in thickness from gz
few to 50 m and consists of slightly consolidated brown gravels, sand, silt,
and clay (Detterman et al. 1958, 0'Sullivan 1961). This formation consists of
interbedded fluvial and marine sediments deposited during alternating periods
of glacial outwash and marine transgression. Within ANWR, a broad area of
fluvatile - deltaic sediments extends onto the coastal plain, thus fluvial
deposits tend to predominate within this formation. To the west, the Gubik
deposits are primarily marine (0'Sullivan 1961, Pewe 1975).

Recent fluvial and colluvial processes have eroded and reworked earlier
Quaternary devosits. Alluvial deposits on the eastern coastal plain consist
of well worked, poorly to well sorted silt and gravel on floodplains and low
terraces. Well developed alluvial fans are present near the coast on most of
the larger rivers within the study area, and some are actively building deltas
into the BReaufort Sea. Further inland, where there is more topographic
relief, colluvial deposits resulting from landslides, frost action, and
sheetflow are common (Reiser et al. 1080).

Periglacial Features

The term periglacial was originally introduced to describe the climate and
climatically controlled features of an environment adjacent to glacial ice.
Washburn (1973) and Pewe (1975) have since expanded this definition to include
any environment which has a cold climate and is characterized by perennially
frozen ground and intense frost action. The latter definition can therefore
be apolied to the environment of the Arctic Coastal Plain and the ANWR study
area, a region in which continuous permafrost, frost action, mass-wasting of
frozen ground, and thermokarst erosion are widespread and significant factors
governing geomorphic processes within surficial deposits.

Permafrost is defined as any earth material, soil or rock, within which the
temperature remains below 0° C for 2 or more years, regardless of the amount
of moisture present (Muller 1947). The Arctic Coastal Plain and the ANWR
study area 1lie entirely within the zone of continuous permafrost (Ferrians
1965). In this zone, permafrost occurs everywhere beneath the surface except
under a few deep lakes, deep rivers, and some coastal areas where surface
water remains unfrozen throughout the year. Permafrost is present under the
coastal waters of the Beaufort Sea, although its extent and characteristics in
this area are unknown. Relict subsea permafrost is known to exist in areas of
coastal retreat (Lewellen 1974).

The thickness of the permafrost layer is thought to exceed 650 m under some
rarts of the coastal plain, although the average depth is 200 to 200 m in
areas of flat coastal lowland underlain by thick, unconsolidated sediments
(Pewe 1975). On the eastern coastal plain, where there is more relief, deep
deposits are not as extensive, thus the averace permafrost thickness is likely
to be considerably less.

23



of seasonally thawed ground overlying permafrost is termed the
The layer The depth of thaw depends upon topography, microclimate,
active 'laYeFéurface moisture, and the thermal characteristics of the soil
Vesetatloni973 pewe 1975). The thickness can also vary from year to year due
(Washbu?;g olimatio conditions. Thaw depths range from less than 15 cm in
tolgggwéoastal areas to depths greater than 1 m in some river beds and exposed
g:drock- over most of the study area thaw depths range from about 15 to 45
em, but can be highly variable depending on microsite characteristics (Felix
et’ al. 1986a). More detailed relationships of thaw depths to terrain
charaoteristios are presented in the soils descriptions in Chapter 3. The
active layer absorbs heat and insulates the underlying permafrost, thus
preserving the stability of ice-rich terrain.

Ice content in the permafrost is an important factor in determining the
surface character of the terrain, the distribution of vegetation types, and
sensitivity to natural and man-made disturbances. Ice is commonly found in
fine-grained sediments but is also found in gravels and bedrock (Kreig and
Reger 1982). Ice contents near the surface of the permafrost (upper 30 cm)
were found to be extremely variable in the study area, ranging from 0 to 80%

(Felix et al. 1986a). Ground ice in the thaw lake plains near Barrow ranged
from 50 to 75% in the upper 2 m, and was primarily composed of small ice
segregations (Sellman and Brown 1973). Massive ice lenses up to 10 m thick

have been found in the foothills near the Sagavanirktok River (Kreig and Reger
1982).

Ice wedges, which commonly occur in the study area, are V-shaped masses of
vertically foliated ice that underlie the troughs of tundra polygons and may
attain a width of 3 to 5 m and reach depths of 10 m (Pewe 1975). 1In the thaw
lake plains near Barrow, 10 % of the perennially frozen near-surface soils are
composed of ice wedges (Brown 1G67). In general, ice wedges are formed when
surface deposits exposed to subfreezing temperatures contract and crack,
usually in a polygonal pattern. These cracks are filled with meltwater during
the following thaw season, and then once again freeze and expand. Repeated
expansion eventually causes the uplift of soil material to the surface and
formation of elevated ridges on each side of the ice wedge. The resulting
form is that of a "low centered" polygon (Washburn 1973). These ridges may
impede drainage from within the polygons, leading to the formation of small
ponds.

Another conspicuous feature of the Arctic Coastal Plain resulting from ice
aggradation is the presence of pingos; isolated, conical ice-covered hills, 20
to 400 m in diameter and up to 70 m high (Pewe 1975). These tend to form on
nearly level ground (usually a draining lake bed) when unfrozen ground water
migrates under pressure to a site where it then freezes and expands, heaving
the ground to form a mound. Continued annual migration and heaving increases
the size of the mound. On the flat, lowland sections of the coastal plain,
pingos wusually represent the sole relief features, thus they can be of
biological as well as geomorphic significance.

The term thermokarst refers to topographic depressions resulting from the
thawing of ground ice (Washburn 1973). Thermokarst features found on the
Arctic Coastal Plain include polygonal troughs and pits, beaded drainages, and
thaw lakes. These features result from naturally induced thermal instability,
although thermokarst can also be initiated by human caused surface disturbance.
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Polygeonal troughs and pits develop over degrading ice wedges. Thawing of iee
wedges may result from climatic change, but more often they are caused by
alteration of wvegetation cover or changes in drainage patterns. When
thermokarst pits formed at the intersection of polygonal troughs bhecome
ercennected, the result is a beaded drainage (Washburn 1973).

The most widespread thermokarst features on the Arctic Coastal Plain are thaw
lakez, relatively small bodies of water which are formed or enlarged by the
thawing of Irozen ground. These lakes are dynamic features which go through a
cvelic process of thawing, erosion and expansion, drainage, and ultimately,
rejuvenation cf ground ice (Billings and Peterson 1980).

The active laver is a dynamic unit which is reshaped by seasonal freezing and
thawing and 1is continually moving and adjusting on even the nmost gentle

slopes. Heaving and sorting movements result in a wide variety of patterned
ground that includes hummocks, mud boils (non-sorted circles of frost boils),
sorted circles, stone stripes, and solifluction lobes (Washburn 1973).

Hummocks and frost scars are particularly common features of the upland
terrain of the study area, and greatly affect the vegetation patterns as
discussed in Chapter 3. Frost action also causes the mass transfer of
material downslope mainly by solifluction and frost creep.

ction, the gradual downslope movement of fine-grained water-saturated
ial deposits {(both mineral and organic), usually occurs over bhedrock or
shallow permafrost table, and appears as lobe-like or sheetlike flows on
s with gradients as low as 1°. These flows move at rates of up to 6 cm
ear on slopes of 10 to 14° (Washburn 1973). Solifuction forms, such as
inuous stripes or lobes, are common downslope from some outcrops and
1 ; in the study area, where slope breaks exceed 10% (Walker et al.

jn
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. Water from melting snowbanks contributes greatly to formation of these
solifluction deposits.

Frost creep is the downslope movement of material through a process of
alternate frost heaving and settling. It mav act together with solifluction
or alone in areas of relatively low soil moisture or poor soil development.
Rates of downslope movement through frost creep are generally comparable to
those resulting from solifluction (Washburn 1973).

Another vperiglacial feature typical of braided streams and commonly
encountered on most of the major rivers within the study area is aufeis, or
overflow ice. After freezeup, aufeis may develop when the hydrostatic
oressure, which results as freezing approaches the stream bed, forces repeated
overflow of water onto and around older ice to form a new layer of ice.
Aufeis mav alsc accumulate in the vicinity of natural seepages or springs in
the same manner. The result is a massive sheet of ice which usually persists
on the river floodplain well after breakup and may be several hectares in area
and anoto Lomothiolk (Washburn 1973).  Cn many rivers within the studv area,
e.7. Canning, Tamayariak, Nularvik, Ttkilyariak, Sadlerochit, Hulahula, and
Okerclovik, aufeis is a conspicuous feature on deltas and on floodplains below
springs throughout the summer season.




Climate

imate of Alaska north of the Brooks Range 1is classified as arctic;

s are short, cool, and generalily cloudy, with temperatures of the
summe;t month (July) averaging about 5° C and maximum temperatures rarely
::Z::ding 300 C (Searby 1968, Searby and Hunter 1071). Subfreezing
temperatures and snow may occur at any time during the summer months. Winters
are very cold, with temperatures of the coldest month (February) averaging
about -20° C. Extreme temperatures frequently drop below -40° C. Since high
surface winds are common throughout the year, the combination of wind and
temperature results in equivalent c¢hill factors well below the actual

The cl

temperatures.

The position of the arctic front is of considerable importance in determining
patterns of temperature, precipitation, and wind. The arctic front is a helt
of maximum frontal frequency marking the transition from a warmer, low
pressure southern air mass characterized by westerly winds, to a cold, high
pressure polar air mass with easterly winds. In Alaska, the mean summer
position of the arctic front is over the Arctic Coastal Plain. During the
winter, the frontal belt is less intense and generally lies over southern
Alaska (Reed 1960, Hare 1968). It has been =suggested that the thermal
contrast which develops in summer between the strongly heated land surface and
the cool, ice-filled Arctic Ocean contributes to intensification of the front
(Reed 1960).

Relatively high surface winds prevail along the arctic coast throughout the
year. At Barter Island, a calm condition exists only 4% of the time. Average
wind speeds are generally 15 to 25 kilometers per hour (kph) with occasional
intense storms generating winds 1in excess of 115 kph. The winds are
predominantly from the east during May through December and westerly during
January through April. Most of the strongest winds (greater than 40 kph) are
westerly.

A distinct contrast exists between the summer climate of the immediate coast
and the interior portion of the Arctic Coastal Plain (Haugen 1982). Average
summer temperatures on the coast remain within a few degrees of freezing due
to more frequent cloudiness and fog, and prevailing easterly winds or sea
breezes off the ocean. Clear skies and higher average air temperatures occur
farther inland.

The only 1long-term climatic records available for the study area are from
Barter Island which is representative of the coastal zone (Fig. 3). The mean
annual  temperature is -=12.3°C with 25.6°C being the highest recorded
temperature and -50.6°C the lowest. Mean annual precipitation at Barter
Island is 159 mm, of which 66 mm falls between July and September, reflecting
higher monthly precipitation during the summer.

Based on these precipitation figures, the study area could be considered

arid. However, due to low evaporation rates and the impeded drainage caused
by permafrost, soils are usually saturated in the summer.
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Wyoming Snow guages have been used recently to obtain a more accurate measure
of rain and snow under the windy arctic conditions. The true amount of
ppecipitation is estimated to be 1.1 times higher in the summer and 3 times
higher in the winter than the precipitation measurements obtained from the
standard 8-inch gauges (Benson 1982). Mean annual winter precipitation
precorded at Barter Island in 1977 through 1985 1is shown in Fig. U.
Comparisons of this precipitation data between years, however, is limited by
variations in measurement periods.

Hydrology

The rivers flowing into the Beaufort Sea between the Itkillik River and the
Canadian border represent approximately 28% of the total streamflow within the
arctic drainage (Walker 1974). These streams flow almost directly north on
narrow floodplains and have few tributaries. Annual precipitation and glacial
discharge are low, thus total runoff is low. The size and relative streamflow
of the principle rivers within the ANWR study area are summarized in Table 1.

Table 1. Drainage characteristics and streamflow data for principle rivers
within the ANWR study area (from U.S. Army Corps of Engineers 1957).

River Drainage area Length of main Fstimated average

(km?) stream (km) annual flow (cfs)
Canning 5,843 188 1,125
Tamayariak 873 60 170
Katakturuk 728 68 140
Sadlerochit 1,971 113 380
Hulahula 2,023 140 390
Okpilak 1,109 113 215
Jago 2,587 127 500
Aichilik 616 63 120

The extreme arctic climate of the coastal plain results in wide seasonal
fluctuations in stream discharge. During winter, streamflow virtually
ceases. In the deltas, the absence of fresh water flow allows sea water to
move upstream under the river ice and leads to vertical zonation of salinity,
with the lowest layers being most saline. In the Colville River, this
salinity gradient may extend up to 60 km inland (Walker 1974), although the
higher topographic gradient of rivers within the study area would prohibit
pPenetration on this scale. Within the deltas, freshwater is entirely replaced
by seawater.

In spring (May and June), melt water begins to accumulate and flow over the
Surface of the inland river ice and on the deltas. As the river ice fractures
and breakup begins, the increasing flow of freshwater rapidly flushes seawater
from the lower rivers and deltas. As breakup continues, extensive flooding
permits rapid movement of ice toward the sea, where floodwater and block ice
move onto and beneath the sea ice to a point Jjust beyond the seaward limit of
bottomfast ice. Sediment 1loads are at their peak during flooding, and
considerable deposition (several cm) of fine material may occur on the sea ice
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surface. The fresh water and sediments are soon drained through cracks and
noles in the sea ice which develop with changes in the thermal regime (Walker
1974). Following breakup, flooding drops off rapidly. Due to the low summer
rainfall of the arctic slope, summer flooding is uncommon.

The numerous small thaw lakes typical of the western coastal plain are much
fewer in number to the east. Within the ANWR study area they are most common
on the broad, nearly level deltas of the Canning and Jago Rivers. Fxcept for
a few larger lakes on the deltas of the Canning and Hulahula Rivers, nearly
all of the lakes within the study area are less than 2.6 km? (259 ha) in
area. Most of these lakes are less than 2 m deep and freeze to the bottom in
winter. There are no lakes of glacial origin within the study area.

Due to the widespread occurrence of permafrost, ground water supplies are
probably nonexistant in the study area except in thaw zones under the deeper
lakes and rivers. Permafrost is impermeable, and limits recharge, discharge,
movement of ground water, and the formation of shallow aquifers; thus, little
or no ground water storage 1is available (Williams 1970). Ground water
occurring beneath the permafrost zone is likely to be saline (Walker et al.
1980).

In winter, springs and related icings are active and conspicuous hydrologic
features at higher elevations along the southern boundary of the study area,
where less permeable sedimentary strata are overlain by limestone. Three
major springs have been documented within the study area on the upper
Sadlerochit, Hulahula, and Okerokovik Rivers (Childers et al. 1977). The
Sadlerochit Spring at the east end of the Sadlerochit Mountains is the largest
known spring in the study area. At 1its source, it has a fairly constant
discharge of 37 cfs at a temperature of 13° C, and maintains an open channel
for nearly 8 km downstream during the coldest part of the year. Further
information on the chemical and physical characteristics of streams and
springs in the study area is found in Chapter 6.

Coastal Environment

The Beaufort Sea coastal zone along the northern boundary of the ANWR study
area is defined here as the area between the terrestrial 1imit of marine
influence and the 10 m depth contour, including all barrier islands, reefs
and bars. This corresponds to the beach and nearshore zone described by Short
et al. (1974). The 10 m depth contour is generally considered to represent
the inshore limit of the winter shear zone between shorefast ice and offshore
ice (Reimnitz and Barnes 1974).

The Beaufort Sea is ice-covered most of the year, and coastal morphology is
largely determined by open water influences (from mid-July to mid-September),
such as wind-generated waves, currents, and surges superimposed upon the
lesser effects of an lunar tide of 15 cm. Since the arctic ice pack usually
lies only a few tens of kilometers offshore, the potential wind fetch is
small, thus wave energy is limited (wave heights rarely exceed 2-3 m). The
geomorphic processes controlled by these meteorlogical factors include beach
erosion, longshore transport, offshore bar formation, and barrier island
migration (Short et al. 1974).
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Beach and bluff erosion and sediment transport do not begin until winter snow
and 1ice cover have melted, and the open water allows the wind to generate
waves and currents. Coastal erosion starts with the thawing of previously
eroded bluff sediments and saturated soil flow. Thermal erosion proceeds with
the undercutting and thawing of exposed ground ice features such as ice lenses
and vertical ice wedges, frequently leading to thermokarst collapse of massive
soil blocks (Lewellen 1977, Hopkins and Hartz 1978). Ice push, and the
accumulation and incorporation of sea ice into beach sediments during the
summer and fall may contribute significantly to beach erosion.

Coastal erosion rates of 20 m or more per thaw season have been measured,
although coastal retreat between Demarcation Point and Brownlow Point has
averaged 1.5 m per year over the last 23 years (Lewellen 1977). Periodic
storms of greater than average intensity can cause more erosion and movement
of sediments in a few hours than would normally occur over several years (Hume
and Schalk 1967, Reimnitz and Mauer 1978). Where coastal bluffs are protected
by deltaic deposits, retreat is much less rapid than on coastal segments
adjoining deeper water (Barnes and Hopkins 1978).

The prevailing northeasterly winds generate west-setting nearshore currents
which reach velocities of 50 ecm per second and, when combined with the
northeast wave set, result in net longshore sediment transport to the west.
Longshore transport of sediments has been measured at 5,000 to 10,000 m3 per
year. However, longshore transport, particularly of coarser sediments, may be
limited by the low-energy coastal circulation characteristic of this area,
with deep lagoons or inlets acting as barriers to long distance movement of
deposits (Short et al. 1974, Hopkins and Hartz 1978, Truett 1981).

One of the characteristic features of the arctic coastline is an extensive and
continuous system of offshore bars. These develop in the shallow nearshore
environment in response to wave action directed by the prevailing northeast
winds and west-setting longshore current. The bars migrate onshore at rates
up to 70 m per year and alongshore up to 300 m per year (Wiseman and Short
1976). The net westerly movement of sediments within bar systems of the
Beaufort Sea has been estimated as approaching 400,000 m3 per year, 2 orders
of magnitude greater than rates of sediment transport within the beach zone
(Short et al. 1974). Offshore bars have a significant influence on the
novement of sea ice, which frequently grounds on the bars and can form
breakwaters protecting the beach from wave action.

The islands of the arctic coast play an important role in determining the
nature of the coastal environment. They affect water circulation and sediment
transport, anchor sea ice, and extend the zone of shorefast ice. Islands on
the Beaufort Sea coast fall into 3 general categories: emergent depositional
shoals on the outer fringes of river deltas, erosional remnants of the coastal
plain which have become separated from the mainland by rapid thermal erosion,
and recent constructional islands of unconsolidated sand and gravel, some of
which have developed around cores of Pleistocene barrier island remnants
(Naidu et al. 1984). Constructional islands forming barrier chains are a
prominent morphologic feature of the study area coastline; the island chains
are made up of broadly arcuate island groups separated by passes which are
sites of strong currents and water exchange between shallow lagoons and the
open ocean. They are typically low (less than 2 m above sea level) and narrow
(less than ?2 km), and are likely to be breached or inundated by storm surges
or flooding during breakup (Hopkins and Hartz 1978).
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winter freezing of lagoon waters generally begins in late September or early

gctober, several weeks ahead of the sea outside the barrier islands. Ice
cover 1is usually complete by early November, with ice thickness steadily
increasing until approximately 90% of the lagoon volume is frozen. Unfrozen

water near the centers of the lagoons and in deeper channels becomes
nypersaline, reaching levels of 60 ppt by late winter.

Offshore Marine Environment

The ANWR study area fronts entirely on the Beaufort Sea, that portion of the
Arctic Ocean which extends east from Pt. Barrow to the Canadian Arctic
Archipelago. The Beaufort Sea has a shallow, relatively narrow continental
shelf which generally extends from 50 to 100 km off the northern Alaska coast
to a well-defined shelf break at the 100 m isobath (US Dept. of Interior-
Bureau of Land Management 1979).

The Beaufort Sea, and the Arctic Ocean in general, can be divided vertically
into 3 water masses: arctic surface water, Atlantic water, and arctic bottom
water. Arctic surface water occupies the upper 200 m and covers most of the
continental shelf; the upper 50 m of this layer originates primarily from
terrestrial runoff and is characterized by relatively low salinities (28.5 to
33.5 ppt) and temperatures (0° to -1.5° C). Atlantic water is injected into
the Arctic Basin through the passage between Greenland and Spitsbergen and is
found from 200 m to 900 m in depth. It is of higher salinity and temperature
(greater than 0° C). Arctic bottom water, found below 900 m, is cold (below
0° ¢C) and highly saline (35 ppt) (Herlinveaux and de Lange Boom 1975, O'Rourke
1974).

The principle component of the general circulation pattern of surface water in
the Beaufort Sea is the Beaufort Gyre, which rotates clockwise over the Canada
Basin and reaches a velocity of 10 cm per second along the outer shelf of
northern Alaska (Herlinveaux and de Lange Boom 1975). Nearshore currents are
most strongly influenced by local winds which are prevailing easterlies and
periodic strong westerlies (see discussion of coastal environment), but may
also include an eastward component resulting from an intrusion of Bering Sea
water (Namtvedt et al. 1974, Herlinveaux and de Lange Boom 1975). Tidal
currents are weak, with the mean lunar tide ranging between 15 and 30 cm
(Reimnitz and Barnes 1974), thus nontidal factors are of greater significance.

The continental shelf waters of the Beaufort Sea are generally ice-free for no
more than 3 months of the year (mid-July to mid-October), during which time
the polar pack ice usually moves offshore 50 to 65 km north of the coastline.
The dates of breakup, freezeup, and the distance the ice moves offshore are
extremely variable from year to year; heavy ice may be present on the coast at
any time during the open water season, particularly during periods of
northerly winds (Namtvedt et al. 1974, Naval Arctic Research Laboratory 1980).
In October, the pack ice moves southward toward the coast, and by the end of
month it has joined with newly formed ice near the coast to create a nearly
continuous cover.
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In winter, 3 major zones of sea ice can be recognized: landfast ice, deformed
and dvnamic ice of the transition or "shear" zone, and the pack 1ice beyond
(Namtvedt et al. 1974, Naval Arctic Research Labortory 1980, U.S. Dept. of
Interior - Bureau of Land Management 1979). The distance which landfast ice
extends outward from land is dependent upon water depth, interaction with pack
ice, and the degree of protection provided by the shoreline (Kovacs and Mellor
1974). The seaward limit of landfast ice is generally over depths of 10 to 30
m and it is often bottomfast out to depths of 2 to 3 m. The outer boundary is
influenced significantly by the degree of pressure exerted upon it by the
expanding pack ice in late fall. Pressure of sufficient intensity and
duration will cause the ice to buckle and form hummocks, pressure ridges and
keels. If pressure continues, the keels may eventually ground, leading to
further deformation and ice gouging of the sea floor (Kovacs and Mellor 1974,
Reimnitz and Barnes 1974). This zone of deformation and shearing is also an
area where intermittent leads and patches of open water may occur,
particularly in spring (U.S. Dept. of Interior - Bureau of Land Management,
1979).

Beyond the shear zone is the pack ice zone, which consists of seasonal and
multiyear floe ice. The seasonal pack ice extends from the shear zone to the
toe of the continental shelf, 1is highly mobile, and contains a large
proportion of first vyear ice which has formed over open water between the
limit of landfast ice and the polar ice pack. Seasonal pack ice normally
reaches an average thickness comparable to that of the seasonal landfast ice
(approximately 2 m) and may also undergo some deformation (Kovacs and Mellor

1974).

To the north of the seasonal pack ice and beyond the continental shelf lies
the polar pack ice, which consists of thick (average 2 to 10 m) multiyear
floes which are almost fresh (0 to 6 ppt) and considerably stronger than
seasonal ice (Kovacs and Mellor 1974, U.S. Dept. of Interior - Bureau of Land
Management 1979). The polar pack ice is constantly in motion, with leads
opening and closing throughout the year.

In spring (July) major leads begin to appear in the vicinity of the shear

zone, particularly in areas offshore of the principle river drainages. In the
Beaufort Sea, the most prominent of these occurs between the Mackenzie River
delta and Banks Island (Naval Arctic Research Laboratory 1980). During late

July and early August, the pack ice moves northward and open water extends
along the coast to the west towards Point Barrow. The landfast ice usually
persists along the coast, becoming thinner and weaker, until it is broken up
under the influence of wind, currents, and the influx of fresh water (Namtvedt
et al. 1974).

Due to the influence of fresh and relatively warm water discharge from
terrestrial sources into the coastal waters of the Beaufort Sea, there is a
strong gradient of decreasing seawater temperature and increasing salinity
with distance from shore during the open water season. This relationship may
vary along shore according to source proximity, coastal morphology, and
meteorological effects, and has a significant effect upon freezing rates, ice
conditions, and the pattern of breakup (Wiseman et al. 1974, Naval Arctic
Research Laboratory 1980).
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Data Gaps

Little information 1is available on the distribution of ground ice in the study
area and the extent and origin of massive ice beds. The amount of ground ice
is an 1important factor in determining the effects of oil exploration and
development on surface stability.

The only weather station near the study area is located on Barter Island,
which is more likely to experience high winds, fog, and corresponding lower
temperatures that inland locations. A series of weather stations located

farther inland would provide more accurate temperature, wind, and
precipitation data for the entire study area. Measurements of snow
accumulation on Barter Island should be continued to determine the annual and
seasonal wvariations 1in snow profiles. Annual surveys to evaluate snow

distribution patterns across the study area are needed to relate snow data
from Barter Island to the entire study area.
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Chapter 3
SOTLS AND VEGRTATION

The mapping and classification of Alaskan soils and vegetation in general and
tnose of the arctic region in particular remain laregely in the earliest stages
of refinement when compared with the existing knowledge for the lands of the
conterminous United States. Growing interest 1in the development of the
Alaskan arctic within the past 20 years has resulted in the establishment of
an increasing body of knowledge for certain localized regions lyving north of
the Brooks Range, e.g. Barrow, Prudhoe Bav, the Kuparuk River delta region,
and currentlv the study area as defined bv Section 1002(c) of the Alaska
National Interest Lands Conservation Act.

The following discussion provides: 1) a summarvy of the development of
xnowledge about the soils and vegetation in and ad jacent to the study area, 2)
a description of the soils and vegetation of the coastal plain based upon
major terrain features, and 3) a brief summary of known data gavbs and the
steps necessarvy to refine available information to assist ongoing and future
resource management.

Spils Studies

Soil as used in this report refers to the Aupgust active layer. Nomenclature
used is that of the U.S. Department of Asriculture, Soil Conservation Service
(1.975) unless otherwise noted. Mearlv the entire study area falls within the
Coastal Plain Land Resource Region as defined in the FExploratory Soil Survev
of Alaska (Rieger et al. 1979). Within this region the survey recognized 2
soil associations, i.e. segments of the landscape with a distinctive
topographic and soil pattern: 1) Pergelic Cryaquolls-Histic Pergelic
Crvaquepts, with loamy textured mineral components occurring on the nearly
level to rolling topographv - the broad, smooth north trending interfluves and
the flat near-coastal areas with oriented lakes, 2) Pergelic Cryaquepts on
nearly level topography with verv gravelly mineral components found on the
braided river valleys and their associated terraces and deltas.

To date, no detailed regional soil survey exists for any portion of Alaska
north of the Brooks Range with the exception of the Prudhoe Bay production
area (Walker et al. 1980) and the Ogotoruk Creek watershed (Holowaychuk et al.
1966). In the early 1960's, Brown (1966) developed a soils-landform map for
approximately 19km? in the Okpilak lakes area and described soils along the
Jago and Hulahula Rivers. Hettinger and Janz (1974) described several soils
from the foothills near the Kongakut, Aichilik, and Okerokovik Rivers and from
the floodplain of the Canning River in the course of route selection for a
proposed Alaskan arctic gas pipeline.

Vegetation Studies in Arctic Alaska

The earliest studies of plant species occurring in northern Alaska were the
result of exploratorvy parties along the north slooe. The first major attempt
to compile and present a unified approach to Alaskan flora was provided by
Hultén (1968). This effort was followed by Anderson (1974). These 2 works
have obrovided the basic framework for the current knowledge of the vascular
vlant taxa within the Alaskan arctic. Within recent vears the studies of
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arctic plant communities have steadilv increased. More detailed discussions
of wvegetation and plant communities in the north have come from Sigafoos
(1952), Britton (1957), Spetzman (1950), Wiggins and Thomas (1962), and
Johnson et al. (1966). A number of more geographically restricted community
descriptions have heen developed by Wiggins (1951), Hansen (1953), Churchill
(1955), Hettinger and Janz (1974), Murrav (1974), Batten (1977), Mevers
(1985), and others. Successional processes within tundra vegetation tvpes
have been described by Churchill (1955), Churchill and Hansen (1958), and
Spetzman (1959), Viereck's (1981) effort to produce an exhaustive
bibliography for the vegetation of Alaska has resulted in an annotated list of
references that currently contains over 200 citations.

A number of classification and mapping svstems have heen developed over the
vears and some have been applied to the north slope of Alaska. Ncne have vet
met with broad scale acceptance due to variations in terminology, methodology,
or conceptual framework. To a large degree, much of the work thus far has
been conducted to the west of the study area in the National Petroleum Reserve
- Alaska (NPR-A) near Barrow, along the Trans-Alaska Pipeline System (TAPS),
and in the region near Prudhoe Bay.

The Barrow and NPR-A areas have been studied bv Spetzman (1951, 1959), Wiggins
(1951), Churchill (1955), Walker (1977), Lawson et al. (1978), Webber (1978),
Kormarkova and Webber (1980), Morrissey and Fnnis (1981), Walker and Acevedo
(1984), Walker (1985a), and others. Markon (1980) provided a mapping system
for terrestrial and aquatic habitats along the proposed Alaska Natural Gas
Pipeline System. Ecological baseline studies along the northern section of
the TAPS haul road were presented bv Rrown (1978). The Prudhoe Bay area has
been described by Webber and Walker (1975), FEverett and Parkinson (1077),
Everett et al. (1978), Walker et al. (1979), and Walker (1085b).

Arctic tundra wetlands were studied bv Bergman et al. (1977) near Prudhoe
Bay. Fight wetland categories were recognized based on their degree of
inundation, morphology, vegetation, and utilization bv  waterfowl and
shorebirds. These wetland categories were as follows:

Class I - Flooded tundra

Class IT - Shallow Carex ponds

Class IIT - Shallow Arctophila wetlands
Class IV - Deep Arctophila wetlands
Class V¥ - Deep open lakes

Class VI - Basin complex wetlands
Class VII - Beaded streams

Class VIII - Coastal wetlands

This system has been applied to bird habitat studies within the study area
(Martin and Moitoret 1981).

Maps of vegetation, soils, and landforms of the Prudhoe Bay area were
developed bv Walker et al. (1980). These maps were based on 1:6,000-scale
aerial photos, and were produced at a scale of 1:12,000. Plant community
names included 3 parts: 1) a site moisture category (dry, moist, wet, or very
wet):; 2) several species that are ftypical of the community; and ) g
Physiognomic descriptor. For example, a wet tundra community mieht be called
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mjet Carex aguatilus, Drepanocladus brevifolius graminnid meadow". Landform
classes were used to describe the variety of patterned ground in the area,
such as low-centered polygons, high-centered polyvgons, hummocks, and pingos.
It is useful to map landforms in the arctic since the soils and vegetation are
closely related to variations in the patterns of ground features. A number of
special purpose maps were generated from the master maos of vegetation, soils,

and landforms. These included summer off-road vehicle sensitivity, oil spilil
sensitivity, bird densities, peat thickness, snow depth, and active laver
thickness. This series of maps provided information necessary to solve

potential environmental problems associated with oil development.

A detailed statewide vegetation classification was developed by Viereck et al.
(1982). This hierarchical system 1is based on existing vegetation attributes
and includes 5 levels of resolution from major formations (forest, scrub, and
herbaceous) to documented individual plant communities. Individual
communities are characterized by the dominant species in each physiognomic
stratum and in some cases by indicator species. This classification system
incorporates an earlier provisional classification of Alaskan arctic tundra by
Murray and Batten (1977). The system in general has received fairiy
widespread interest by state, federal, and private sectors.

Vegetation Mapping and Classification in the Study Area

In an attempt to portray the potential natural vegetation of Alaskan land,
Kuchler (1966) 1listed 10 phytocenoses or vegetation groups. The pctential
vegetation was characterized as cotton sedge tundra with Eriophorum
representing the principle dominant genus, with a narrow band of the water
sedge tundra assemblage, characterized by Carex, along the coast from the
Canning River east to approximately the Katakuruk River and inland for about
8km.

The ecosystem maps for the state of Alaska in the Alaska Regional Profiles
(Selkregeg 1975, Arctic Region) provided a very generalized classification
system for the major plant community types present in the study area. The
generalized boundaries of the U4 major communityv types: moist tundra, high
brush, wet tundra, and alpine and barren ground were superimposed on a series
of maps at a scale of 1:1,000,000. Two aquatic communities were also
identified, the freshwater and marine. The commonly occurring plants of each
of these 6 communities were 1listed in the atlas (Selkregg 1975). The
communities represented follow those of the earlier map Major Fcosystems of
Alaska (Joint Federal-State Land Use Planning Commission for Alaska, 1973).

Hettinger and Janz (1974) included U4 sample sites in or adjacent to the study
area and described the following 6 major vegetation tvpes in the coastal plain
physiographic province:

a) wet sedge meadows

b) low shrub - sedge meadow and hummocky tundra
c) tussock tundra

d) riparian willow shrub

e) dwarf s"-ub - Drvas meadow

f) heath-sedge tussock tundra
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National Wetlands Inventory maps based on the wetland classification method
developed for U.S. Fish and Wildlife Service (USFWS) are available for the
majority of the study area, including Flaxman Island Al; Barter Island A3-5;
Mt. Michelson C2-4, D1-5; and Demarcation Pt. C3, D2-5. Flaxman Island A3 and
Al are currently being revised. The basis of this system was presented by
Cowardin et al. (1979) with additional information presented in the 1978
Interagency Task Force Report: Our Nations Wetlands (Horwitz 1978).

Nodler and LaPerriere (1977) produced a Landsat map for the study area; which
depicted the following 13 vegetation classes:

I. Ice, snow, or aufeis
IT. Water or shadows
ITI. Barrens
IV. Partially vegetated ground
V. Wet tundra or shadows
VI. Flooded tundra or shadows
VII. Intermediate wet-moist tundra
VIII. Upland Dryas - heath tundra
IX. Upland sedge tundra
X. Upland tussock tundra
XI. Fricaceous snow bed community
XII. Hummocky frost-heaved ground
XITI. Dry tundra

The map was used on several occasions in the field to determine if a
relationship existed between habitat usage by wildlife and the vegetation
classes that were portrayed. It was generally found that a reasonably good
correlation existed between the coastal and riverine tundra areas
characteristically utilized by waterfowl (Spindler 1978). However, the upland
sedge tundra and upland tussock tundra classes did not appear to be related to
observed use by caribou (Weiler 1980).

An updated and expanded Landsat map of the study area was produced by Walker
et al. (1982). Twelve landcover classes were identified on satellite imagery
based on vegetation, landform, and soils data collected at numerous field
sites (Appendix I, Table 1). This map has been used by the refuge staff for
wildlife and vegetation studies over the past 3 field seasons.

An accuracy assessment by Strong et al. (1983) and refuge field studies
identified a number of errors in this map. Errors occurred mainly among
similar classes along moisture gradients (wet sedge, moist/wet sedge, and
moist sedge, prostrate shrub) and along shrub and tussock gradients (moist
sedge, prostrate shrub; moist sedge tussock, dwarf shrub; and moist dwarf
shrub, sedge tussock tundra). Errors also occurred between partially
vegetated and barren areas. Riparian shrublands, which provide habitat for
many wildlife species, are not readily separated by Landsat due %o their
linear distributions on the coastal plain. Studies of tundra birds have found
that Landsat delineated habitat classes can not be clearly related to use by
migratory birds (Oates et al. 1986). Microhabitat features (such as ponds,
ridges, shrubs, etc.) can not be distinguished.
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Geobotanical maps (1:63,360 scale) of 6 areas of the coastal plain were
produced by Walker et al. (1983) (Fig. 1). The 1:63,360 scale vegetation
mapping units derived from photo-interpretation were presented as part of a
nierarchical c¢lassification scheme which described tundra vegetation at 4
levels: 1) very small scale units, ?2) Landsat landcover units, 3)
photo-interpreted units, and L) plant community descriptions. Codes for the
map polygons (Appendix II, Tables 2 and 3, Figs. 1 and 2) used a system in
which information about vegetation, vegetation diversity, landforms, surface
forms, and percentage water (or soils) were coded in the following fraction
format:

Vegetation code(s); Diversity code
Landform code(s): Surface form code(s); % Water code

Vegetation nomenclature was based on moisture, plant 1life forms, and
phvsiognomy. Vegetation diversity codes were based on the number of color
tones or textures identifiable on aerial photographs. This scheme permitted
most areas of high vegetation diversity to be identified. Landform/terrain
units used in the map legend were primarily based on the system of Kreilg and
Rieger (unpublished), which was modified to include common features such as
hill slopes, pingos, and bluffs. Surface form units in the map legend were
primarily patterned ground and permafrost features that could be recognized on
1:60,000 scale aerial photographs. Surface form units also included river
alluvium, incised stream drainages, 1icings, dunes, and beach features.
Percentage water was interpreted for 5 of the mapped areas, excluding the Mt.
Michelson D-3 quadrangle. The codes, developed as an indicator of wetland
terrain, were based on visual estimates of the percentage of open water in
each map unit. Soils were interpreted by K.R. Everett on the Mt. Michelson
(D-3) quadrangle only. Soil names follow the U.S. soil taxonomy (Soil Survey
Staff 1975) and were coded as complexes that indicate dominant and subdominant
soils in each map unit.

A few site specific botanical studies have been conducted in the study area.
Murray (1974, 1979b) described the flora at several sites within the refuge
including Beaufort Lagoon and Sadlerochit Springs. Meyers (1985) studied the
narrow linear band of tidewater influenced vegetation along the coast of the
study area. Sixteen plant communities and habitat types were described. The
habitat types included salt marsh (tidal and upper storm zone), salt
marsh/beach, salt marsh/dune, salt marsh/upland, gravel beach/salt marsh, and
strand/dune/coastal meadow.

A Landsat-assisted landcover/terrain maoping effort of the entire Arctic
National Wildlife Refuge (ANWR) including the study area was conducted in 1983
and 1984 by C. Markon, S. Talbot, and B. Kirk (USFWS), M. Shasby and L. Strong
(USGS Anchorage field office), and L. Pank (USFWS research division). Photo
interpretation and classification of the multi-spectral scanner data were
completed in 1984. The first draft of the landcover maps was finished in
October 198L, Problems were encountered with developing a uniform
classification system across this large diverse area. Modifications were made
to the existing Walker et al. (1982) classification scheme and 22 classes of
landcover were eventually identified and final maps were completed in 1985.
An accuracy assessment was conducted, and data analysis 1is presently in
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progress. The landcover classes found on the coastal plain are described in
Appendix IIT, Table 1. Estimated area of each landcover class is shown in
Appendix III, Table 2. Vegetation descriptions in the Report to Congress
utilize this Landsat classification, because these data were availahle on
computer tapes and scenarios could be developed on a geobased information

system.
The DNorth Slope Borough 1is presently developing an integrated geographic

icale are availlable for the entire study area, and 1:63,360-scale maps are

available for Barter Island A4, A5; Demarcation Point D4y, D5; Mt. Michelson
1, D2, D3; and Flaxman Island Al. Nine manuscript maps which include related

vzriables are produced for each area. Titles of these maps are as follows:

I. Integrated terrain unit

IT. Surface hydrology

ITI. Political and administrative units

IV. Infrastructure, settlements, and special features
V. Energy and mineral resources

VI. FElevation provinces

VII., Historic/archaeologic sites

VIII. North Slope Borough planning data
IX. Subsistence land use

[

‘'he integrated terrain unit map includes vegetation, soils, landform, and
slope. Mapping of these variables was based on image interpretation of aerial
pnotography and Landsat imagery. Vegetation types are classified according to
level III of Viereck et al. (1982). Landform classes and soil types are
eguivalent tc those used by Walker et al. (1983).

3

A cross walk illustrating the relationships between classification systems was
developed for the Landsat landcover classes described by Walker et al. (1982),
USGS and FWS, and Walker and Acevedo (198U4); the National Wetlands Inventory
classifications (Cowardin et al. 1979); level C photo-interpreted map units of
Walker et al. (1983), and level III and IV units of Viereck et al. (1982)
(Appendix III, Table 3). A similar cross walk which includes the Landsat
classification of Nodler and LaPerriere (1977), Prudhoe Bay stand types
(Walker 1981), Pt. Storkerson wetlands (Bergman et al. 1977), and the
International UNFESCO classification (1973) was presented in the TJTnitial
Baseline Report (USFWS 1982).

Description of Soils and Vegetation of the Study Area

The vegetation of the study area lies within the tundra formation. This
formation occurs in cold climates, principally alpine areas and arctic areas
north of the 10° C July mean isotherm. The arctic foothills and arctic
ccostal plain of northern Alaska are in the tundra region of the arctic as
defined by Aleksandrova (1980). The tundra region is differentiated from the
polar desert region of more northerly latitudes, where plant cover is only

continuous in wet sites. In the tundra region, mesic habitats are mostly
continuously vegetated with low-growing plants, such as sedges, grasses,
mosses, lichens, small herbs, and dwarf shrubs. Taller shrubs are restricted

to drainages.




Frg. | - Terrain types of the coastal plain of the
Arctic National Wildlife Refuge (Walker et
al. 1982). The numbered townships were
selected study sites for /:63,360-scale
vegetation mapping (Walker et al. /1983).

TLP
HCP
FP
FH
M

Thaw-lake plains
Hilly coastal plains
River Floodplains
Foothills
Mountainous terrain




The following discussion is based upon material by Walker et al. (1982). The
study area 1is divided into the following terrain types: 1) flat thaw-lake
plains, 2) hilly coastal plains, 3) foothills, #4) alpine tundra, and 5) river
floodplains including deltas and braided drainages and ancient deltas (Fig.
1). Descriptions of Landsat landcover classes follow Walker et al. (1982), as
this classification system has been used most extensively for wildlife and
vegetation studies in the study area. Detailed descriptions of vegetation,
landforms, and soils for each landcover class are presented in Appendix I,
Table 1. Area of each landcover class within the regional terrain types is
presented in Table 1.

Flat Thaw Lake Plains

A much narrower belt of plain occurs in the study area than is found further
west at Prudhoe Bay and in the NPR-A because of the proximity of the Brooks
Range and Sadlerochit Mountains to the coast. Typical coastal plain
topography with large oriented thaw lakes, drained lake basins, and eXxpanses
of low-centered ice-wedge polygons 1is found in only a few small areas,
primarily near the flat braided deltas of rivers (Plates 1 & 2, Fig. 1).
These areas are best developed in the delta confluence of the Canning and
Tamayariak Rivers and extend for some 12-15 km eastward in a narrow coastal
belt. A narrow zone also occurs from the delta of the Hulahula River to a few
km east of the Jago River. Barter Island is included in this zone.

These small areas of thaw lake plains appear to be remnants of a once more
extensive plain. They are topographically similar to the thaw lake plain west
of the Canning River, being composed of more than 30% water confined to small
(generally less than 260 ha) shallow, eliptical oriented lakes. Areas between
the lakes are poorly drained as a result of a very low surface hydraulic
gradient and thin active layer. Some form of microrelief 1s nearly always
present except in vegetation-covered basins of relatively recently drained
lakes. It consists mostly of low-centered non-orthogonal polygons, strangmoor
or complexes of disjunct low-centered polygons (Table 2).

The area is underlain by ice-rich permafrost at depths of about 4O em. Except
for polygon rims, the perched water table is very close to the surface or
slightly above it for most or all of the thaw period. Soils common to the wet
and very wet areas are Fibro Histic Pergelic Cryaquepts or occasionally Histic
Pergelic Cryaquolls and Pergelic Cryaquepts. Pergelic Cryaquolls occur on the
more mesic polygon rims. The soils are all neutral to slightly alkaline in
reaction, even the saline Fibro Histic Pergelic Cryaquepts and Cryohemists
inundated by storm surges along some coastal areas (Note: See Appendix IIT,
Item A for an expanded discussion of soil taxonomy applicable to the ANWR
study area).

The vegetation in these areas is similar to that described at Barrow (Tieszen
1978, Brown et al. 1980), Fish Creek (Lawson et al. 1978), and Prudhoe Bay
(Brown 1978, Walker et al. 1980, Walker 1981). The dominant Landsat landcover
categories are aquatic tundra and pond complex in the wettest areas and wet
sedge tundra and moist/wet sedge tundra complex in areas that are at least
partially drained. Micro-topography on a scale of less than 1 m of
elevational difference is the ma jor influence on the distribution of rplant
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Table 1. Area (ha) of the land cover types within each regicnal

terrain type,

Arctic National Wildlife

Refupe study area.

Regional Terrain Tyvpe

_ Hilly

Thaw Lake Coastal Alpine Flood
Land Cover Type Plains Plains Foothills Tundra Plains Totals
Water 3,050 2,685 73R 308 7,1 14,847
Pond/Sedge Tundra Complex or Agquatic Tundra or 1,711 1,724 308 upa 2,858 6,642
Shallow water
Wet Sedge Tundra Q,lpp 33,785 4,034 20 56,080 103,341
Moist/Wet Sedge Tundra Complex or Drv Prostrate ”,615 49,970 15,827 Q Lo, 557 108,078
Shrub-Forb Tundra
Moist Sedge-Prostrate Shrub Tundra or Moist 1,507 55,380 ag, 871 25 27,946 175,729
Sedge/Barren Tundra Complex
Moist Tussock Sedge-Dwarf Shrub Tundra 167 2,897 159,732 12 5,191 168,000
Moist Dwarf Shrub-Tussock Sedge Tundra or 15 0 20,624 7 262 20,908
Moist Tussock Sedge-Dwarf Shrub/Wet Duarf
Shrub Tundra Complex
Shrub Tundra 20 0 1,251 1 14 1,786
Partially Vegetated Areas 128 1,249 1,074 122 8,271 10,844
Barren Gravel or Rock 273 Q96 2,255 59 7,205 10,789
Wet Gravel or Mud 379 121 133 q 6,469 7,111
Tce 234 115 17 0 1,495 1,861
Totals 20,025 148,922 296,861 338 163,490 £30,036

a Shadow
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Tahl> 2. Lardform and snll associations within the Arctic National Wildlife Refuge study aren.

Terrain Type Mesoscale Microscale® Soil
Thaw lake (1) Thaw lake complex (1) High-centered polveons Incaptiscla (1) Perselie Crvaquen
: Nrained lake basin (?) Tow-centered polvgons (2) arohisztic Perpe
(1eas than 4 km™) (2) Mixed high- and low-rentered Crvaqueptal
() Flat nolveons (2)  Fibhra/hemihistic Pergolic
(1Y Disjunct polveons Crvaauents
Hilly (1) Crest/interfluve (5} Frost boils Histozsols (4) Perrelic Cryvosaprists
Coastal (7Y Slope (less than 5%) (A Strangmoor (5) Pergelic Orveolibriais
Plain (2) Thaw lake complex (7) Pond compler (A) FPergelie Crvohemists
(L)  Pond complex (8) Refticulate (7)Y Pergelic Crvaquolls
(%) Drained lake basin () Featureless Mollianla (8)Y Histic Peresclic Crvaouolls
(A) Flat (10) Solifluction and/cr mudflow (9) Runtic-Fntic Peorgelic
Crvaguolls
Foothills (1) Crest/interflnve (10) Pergelic Crvohoralls
) Slope {over 57) Fntinols (11) Pergelic Oryorthents
(3)  Stream complex (12) Fluventic Perpelie
(4) Flat Cryort) entab
(13) Cryopsamment.s
Alpine (1) Crest Non-soiis {11) Ri
(2)  Slope (over 107) (1)
(?) T[lat

Riverine (1) Terrace
(?2) River Island Complex
(3) Flat

Ahny microscale type can occenr in any mescscale association.,  Any s0il tvpe can aceur in anv micro oscalc
ascociation.

Plinofficial taxonomic terms

ar o m




communities. The small elevational differences associated with ice-wedge
polygons create distinct patterns of plant communities and soils that are
associated with the various topographic elements within individual ice-wedge
polygons (Wiggins 1951, Britton 1957, Cantlon 1961, Everett 1980, Walker 1981).

patterns of plant succession in the thaw-lake plains are intimately linked to
the oriented thaw-lake cycle (Hopkins 1949, Britton 1957, Carson and Hussey
1962, Everett 1980). This cycle describes the formation, expansion, and
eventual drainage of thaw lakes. The process starts with formation of small
thaw ponds that form in ice-rich terrain. These small ponds are enlarged by
heat from the pond water and also by the action of winds that cause erosion of
the pond's edges. The pond enlarges until it intercepts another lake, the

coast or a stream, which causes drainage. Succession can take place on the
parren drained-lake surface or in small ponds that may remain in the basin
(Britton 1957, Billings and Peterson 1980). The ponds that remain may

initiate another cycle.

Although much information is available regarding thaw-lake mechanisms, the
cycle and successional vatterns are still incompletely understood (Mackay
1963). The major questions relate to the time scale, i.e., how long it takes
for the c¢ycle to operate and how long the present wet coastal plain
environment has existed. For a number of reasons, climatic fluxes in arctic
regions are more dramatic than in temperate regions (Miller 10981). These
fluxes are important considerations 1in evaluating whether the present
environment is in a steady state or whether it is still in a period of
relatively rapid climatic and vegetational change.

A steep temperature gradient associated with the coastal strip plays a primary
role in determining the vegetation of the thaw-lake plains. Data from Prudhoe
Bay and the Trans-Alaska Pipeline show that mean July temperatures at the
coast are within a few degrees of freezing due to the ice-covered Beaufort
Sea, and more moderate temperatures are found inland (Conover 1960, Cantlon
1961, Haugen and Brown 1980, and Walker 1981). Coastal fog also causes low
levels of radiation. Low amounts of total summer warmth, reflected in the
number of annual thaw-degree days are primarily responsible for a distinctive
band of coastal vegetation that has fewer shrub species, limited tussock
formation, reduced moss and 1lichen growth, and fewer species 1in the total
flora (Cantlon 1961, Clebsch and Shanks 1968, Walker 1981). This band of
coastal tundra which Cantlon (1961) termed "littoral tundra" lies north of the
7° C July mean isotherm. Worldwide, this zone is equivalent to the arctic
subregion of Aleksandrova's (1980) tundra region. Near Barrow the coastal
strip is about 100km wide, at Prudhoe Bav it is about 25 km wide. Within the
ANWR study area the coastal strip is less than Prudhoe Bay because of the
narrowness of the coastal plain, and there is likely a more compressed coastal
temperature gradient, although no data are available to substantiate this
hypothesis,

Along the northern limit of the "littoral tundra" band, there is vet another
band of vegetation that is associated with the saline soils found immediately
adjacent to the coast. This area is affected by tidal influences, wind-blown
salt spray, and occasional storm-surges that flood large areas of inland
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tundra. Taylor (1981) divides this shoreline vegetation into 6 habitat types:
tidal salt marsh, upper storm zone salt marsh, gravelly beach, raised beach,
coastal dunes, and coastal bluffs. Coastal vegetation in northern Alaska has
been described by Jefferies (1977), Tavlor (1981) and Walker (1981). Within
the study area it has been studied by Meyers (1985) in the Beaufort Lagoon and
Camden Bav areas.

Hilly Coastal Plain Terrain

Stretching inland between the Hulahula and Jago Rivers from the flat thaw lake
plain is a complex region of very gently undulating tundra with small thaw
lakes and pond complexes (Fig. 1). This region is quite different from the
areas with large oriented thaw lakes, because stream drainages are well
defined and have large expanses of relatively well-drained terrain associated
with them (Plates 3 & 4). This type of terrzin is common within the coastal
plain portion of the ANWR, covering over 22% of the study area. Flevations
within the region rise gradually from sea level to about 150 m.

The vegetation on ridges is moist sedge tundra which may or may not contain
tussocks. The dominant Landsat landcover classes are moist sedge, prostrate
shrub tundra, and moist sedge/barren tundra complex. The 1latter class is
associated mainlv with upland terrain where frost scars occupy 30% of most
surfaces. Frost scars have Pergelic Cryaguept soils with loam and fine sandy
loam textures. Soils between the frost scars are Pergelic Cryaguolls and
commonly have from 8-12 cm of sapric organic material as a surface horizon

overlying loam, or occasionally silt loam textured mineral soil. The active
layer depth 1is 30 to 50 cm in August at the time of maximum thaw. The
depressions between ridges contain moist/wet sedge tundra complex, wet sedge
tundra, and thaw lakes. Soils are similar to those of the thaw lake plain.
Foothills

Foothills cover about 44% of the study area. Between the Canning River and
the Sadlerochit River, an east-west distance of about 75 km, low foothills
rise from Camden Bay to the base of the Sadlerochit Mountains, which lie 30 to
55 km from the sea coast. The hills in this region are interspersed with the
drainages of the Tamayariak River, Katakturuk River, Nularvik River, Marsh
Creek, Carter Creek, Itkilyariak Creek, and the Sadlerochit River. The crests
of several hills, particularly in the vicinity of the Katakturuk and
Tamayariak River have barren gravel outcrops. FEast of the Sadlerochit River,
the foothills are further from the coast. In the vicinity of the Jago River
(at the widest part of the coastal plain within the refuge), the coastal plain
is about 40 km wide and there are another 20 km of foothills to the boundary
of the refuge wilderness.

The crests of hills are commonly sites of complex patterns of soils and
microscale landforms e.g., areas of tussock covered high-centered polygons
Jjuxtaposed with patternless areas, strangmoor, and low-centered polygons
(Plates 5 & 6). Thermokarst pits are common and reflect substantial amounts
of wedge ice. The soils of the better drained moist elements of the landscape
(i.e. the raised centered polygons) are Cryacuolls with up to 12 cm of hemic
Or sapric organic overlying dark colored organic rich mineral materials.,
Cryaquepts occur as frost scars that may occupy up to U40% of the polygon

o

51










surface. Mineral horizons of both soils are loams or fine sandy loams with
variable amounts of pebbles. Active layer thickness ranges from near 30 em
beneath the Aquolls to 60 cm beneath the Aquepts. A water table 1is absent or
well pelow the surface. The wet areas commonly have Histic (more than 20 cm
of fibrous organic) Pergelic Cryaquolls or Histic Pergelic Cryaguepts if
colors (and organic carbon content) below the histic epipedon do not conform
to the oriteria for the mollic epipedon. In either case a water table occurs
at or above the surface and permafrost 1is between 35 and 45 cm. In the
wettest areas there is enough bouyancy in the fibrous organic-root-rich mat
that its true thickness 1s difficult to determine.

The slopes are generally greater than 59 and are covered with cotton grass
tussocks (Eriophorum vaginatum), willow (Salix spp.), and birch (Betula nana
s.1.). Parallel and subparallel water tracks are commonly present giving the
topography a decidedly ribbed appearance. Areas referred to as water tracks
are shallow vegetated channels that conduct snow melt waters and perhaps
subsurface waters as well during the thaw season (Everett 1980). Strangmoor
are often found in the channels suggesting slow mass movement of the saturated
soil column. Willow and birch are concentrated in these features and impart
distinct color patterns on color infrared photographs in summer and on
standard color film in the fall. The inter-water track areas are tens to
hundreds of m wide, convex to the adjoining track, and from 0.15 to 1.0 m
above the track. The water track portion of the slope presents a relatively
smooth and graded cross-section. Polygonal outlines are usually not apparent
and the forms generally lack microrelief contrast. Ice wedges may still be
extensive beneath such slopes. Soils are Pergelic Cryaquolls or Pergelic and
Histic Pergelic Cryaquepts. In most cases, 4-15 cm of Hemic or Sapric organic
matter overlie mineral materials into which organic material is commonly
enmixed. Active layer thicknesses range between 30 and 50 cm, and the
presence of water table is uncommon. Within the water tracks Histic Pergelic
Cryaquepts are most common. Active layer thickness here is between 35 and 50
em and a water table is almost always present, commonly within 10 cm of the
surface.

Frost scars are almost always a component of tussock tundra and can comprise
up to 50% of a given surface with anywhere from a few percent to 75% showing
some activity (i.e., having bare mineral soil exposed). It is a common
occurrence where slope breaks occur that both the density and activity of
frost scars increase, and 65-80% of the surface may be comprised of active
frost scars. In such cases, sedge tussocks are generally absent and grasses,
especially Arctagrostis latifolia, are common. Frost scar soils are composed
of greyish brown, usually mottled, sandy textured mineral material. The lack
of discernible profile development should dictate placement within the
Entisols (possibly as Cryorthents). However, under the present system, the
soil pedon is considered a Ruptic Entic Cryaquoll. Active layer thickness
ranges between 70 cm and 1 m.

Where bedrock is very close to the surface, frost scars, and or patterned lag
gravel may comprise 70 to 80% of the surface. Because of the exposed nature
of such surfaces, snow cover 1is thin or absent and abrasion by blowing snow
may be severe. However, soil development beneath stable microsites may be
relatively intense. The soils are Pergelic (Lithic) Cryumbrepts if sufficient
enmixed organic matter is present or Pergelic (Lithic) Cryochrepts if it 1is
not. Active layer thickness is greater than 1 m and ice volumes beneath these
S0ils are generally low.
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Solifluction forms, such as discontinuous stripes of frost scars or lobes, are
common downslope from some outcrops and where slope breaks exceed 7-10%. This
phenomenon is due principally to the water added from snowbank melt.

Vegetation in the foothills is predominantly moist tussock sedge, dwarf shrub
tundra. In some areas the shrub vegetation is dominant and the landcover
class 1iIs a moist dwarf shrub, tussock tundra. Terrain with water track
complexes 1is classed as moist tussock sedge, dwarrf shrub/wet dwarf shrub
tundra complex. A few steep, mainly south-facing slopes, have well-developed
shrub tundra. Tussock tundra can have a broad array of subtypes that are
difficult to classify. These are related to a number of factors such as slope
stability, soil moisture, cryoturbation, and successional history. The effect
of frost activity is of primary importance (Hopkins and Sigafoos 1951, Sigafoos
1952, Racine and Anderson 1979). This effect is apparent within ANWR where
areas with numerous frost-scars have completely different plant communities
than non-frost-scar areas. Successional patterns related to tundra fires have
recentlv been recognized as another important factor in the foothills (Racine
1980).

Alpine Tundra

There is only a small area of alpine terrain within the study area in the
vicinity of Sadlerochit Spring. This area is similar to other alpine areas in
the Brooks Range. Crests here range to 1250m and have only sporadic
vegetation and ground pattern.

Scils consist of Pergelic Cryorthents (Cryochrepts may occur if textures are
fine enough) interspersed with rock land. Although permafrost is present
beneath such surfaces it is difficult to detect since the excessive drainage
and exposed snow free slope positions preclude any significant accumulation of
ice. However, experience elsewhere (Everett 1975, 1980) has shown that ice
may be present in some quantity in bedrock fractures.

Upper steeper portions of most alpine slopes are mantled by scree or blocky
talus. These deposits commonly display block stripes and/or block bordered
terraces. It is common that ice fills the interstices of the finer cobble
gravel size fragments below the large surface blocks. Pockets of Pergelic
Cryumbrepts, Cryochrepts, or on ocecasion Pergelic Cryaquolls do occur in finer
textured materials. Their presence and degree of development indiecate at
least local stability or very slow rock glacier movement on such slopes.

Below the talus, where vegetation cover is commonly complete and snowbanks
develop, the slopes display a variety of solifluction forms including turf
banked terraces, lobes, and stripes. & complex of soils is found on such
slopes that includes Pergelic Cryohemists or Cryosaprists where slow
deformation has produced folded and over-thickened organic horizons (Fig. 2).
Active layer thickness on such slopes varies considerably, ranging to 70 cm or
more in the wetter areas to less than 30 em on some of the better drained
microtopographio elements with organic rich soils. Where coarse blocky talus
underlies the solifluction slope, water movement 1in spring may distribute
mineral material over the surface of otherwise organic rich soils.
Solifluction slopes are naturally unstable with a complex of perched water
tables and subsurface drainages.
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Vegetation communities in these areas are identified as partially vegetated by
Landsat classification because they are interspersed with unvegetated rocks
and talus slopes. The character of the well vegetated slopes varies
considerably, but the more completely vegetated areas have extensive moss mats
with numerous prostrate shrubs, such as mountain avens (Dryas octopetala),
prostrate willows (Salix arctica, S. chamissonis, S. phlebophylla), and small

forbs. Sadlerochit Springs is of special interest because of the presence of
poplars (Populus balsamifera) and other disjunct plant species (Murray 1979a,
1979h). This area includes limestone rocks that comprise the major outcrops
of the Sadlerochit Mountains. Limestone areas are of particular interest

because of the presence of unique assemblages of plants such as the bryophyvtes
associated with wet limestone seeps (Steere and Murray 1976).

River Floodplains

River environments are among the most complex in the study area and are of
particular interest because of their extent (over 259 of the study area),
their value as wildlife habitat, and because they are likely to be affected by
exploration and drilling operations. This discussion includes the barren
deltas and braided channels of the larger rivers, the terraces and alluvial
areas assoclated with old river channels, and the delta formations at the base
of the foothills that possibly represent an ancient sea level.

Riverine svstems consist of the active channel and wusually 1 or more
terraces. The majority of the major rivers within the study area are braided
channels ranging in width from about 1 km to 4 xm (Plate 7). Most of the
diamond shaped islands between channels are probably inundated at least
sporadically in most years during the period of melt-off (usually late May to
early June). These 1islands may be either unvegetated or vegetated.
Unvegetated islands are subject to intensive water and ice scouring, and
consist of gravels with 1little soil development (riverwash). Vegetated
islands are elevated slightly above the normal high water mark because of
channel cutting and have widely ranging vegetation coverage =~ depending upon
the extent and frequency of inundation (Plate 8). The soils consist of
various thicknesses of silt loam, loam, and fine sandy loam over gravel and
gravelly sands. 1In the most stable positions a thin Al horizon has developed
and some mottling occurs in the fine sediments, The active layer normally
exceeds 1 m. The soils are classified as Cryorthents, and most islands are
complexes of Cryorthents and riverwash. In a few cases where fine sandy
surface sediments have been reworked into low discontinuous sand dunes,
Cryopsamment soils are recognized. Permafrost here is in excess of 1 m or may
be absent.

On the mesolandform scale the braided river channel is considered as a river
island complex. Beyond the confines of this complex are a number of paired
and non-paired terraces most of which are above the influence of snowmelt
flooding (Fig. 3). The voungest of the terraces commonly retain the relict
pattern of channels and islands. For the most part, soils of the islands are
Cryorthents and are well drained. The overlying fine materials may be 20 cm

or more thick and are commonly bedded. The coarser layers are composed of
fine sands. An organic rich surface horizon may be from a few to 15 em
thick. The channel areas are poorly to very poorly drained with fibrous
organic horizons up to 20 cm or more thick overlying mottled gray silt and
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silt loam textured materials. Permafrost is encountered usually within 50
cm. These soils are Pergelic Cryaquepts. A surface pattern consisting of 1
to 2 m diameter polygon cells 1is common to the better drained island
elements. Other of the terraces may lack any surface pattern and consist
mostly of wet graminoid tundra while others may have weakly expressed
(disjunct) polygons and strangmoor. In these cases the soils are Pergelic
cryaquepts and occasionally Histic Pergelic Cryaquepts. Qutward from the
piver the trend in soil and ground pattern development 1is toward the
establishment of shallow active layer, and very poor drainage with Cryorthents
and Fluvent-like soils giving way to Pergelic and Histic Pergelic Cryaquepts
in which the surface organic horizon is composed of fibrous sedge peat and

roots. Disjunct low-centered polygons and/or strangmoor mask the relict river
island pattern. Soils of the riverine areas are with few exceptions near
neutral to moderately alkaline in reaction. This is true even of the more

organic rich soils on the higher terraces since they receive frequent
additions of alkaline loess.

Steep bluff slopes (24-30%) along the margins of rivers and a narrow strip
along their crests are included within the Riverine system. Bluffs may be
undergoing active erosion or they may be fossil, in the sense that they rise
above long abandoned river terraces. In either case they are subject to rapid
erosion by mudflow or by solifluction. The result is commonly a complex of
soils (and non-soil) on which the solifluction lobes, which may stand 50 cm or
more above the surrounding slope, exhibit over-thickened A horizons. Wetter
areas occur upslope and behind the Ilobes. In either case, the soils are
Pergelic Cryaquolls.

The topographic contrast associated with these bluffs produces a
microtopographic reversal of former low-centered polygons (see Brown et al.
1980). During the course of this reversal, the low, highly organic rich
centers (often Pergelic Cryaquepts or Histic Pergelic Cryaquepts) undergo
oxidation. Commonly the soils are enriched with mineral materials eroded from
the exnosed bluff or derived from the river island complex below. The
resulting soils are well drained Pergelic Cryaquolls or in some cases Pergelic
Cryoborolls. The organic rich surface horizons are underlain by variable
thicknesses of oxidized sandy textured materials that thaw to depths of 1 m or
more. The processes of topographic reversal are guickly attenuated inland
from the bluff edge and generally within a distance of 100 m low-centered
polygons (or some other surface pattern) are well developed. The addition of
wind-blown fine sand can usually be recognized for distances well beyond 100 m.

Bluff crests and their soils undergo natural profile disruption by
congeliturbation and by wind abrasion. By virtue of their exposed position
they are commonlv snow-free during winter.

Vegetation associated with river systems ranges from totally barren river
gravels and mud to tundra that is indistinguishable from that in non-alluvial
areas. The braided channels are subject to intense disturbance during spring
break up. In addition, meandering streams and braided rivers are constantly
Changing their channels. The first plants to colonize river gravels include
river beauty (Epilobium latifolium) and arctic wormwood (Artemisia arctica).
Sllgbtly more stable areas are often only partially vegetated, but may contain
? wide variety of taxa (Appendix I, Table 1). These are among the most
1orlstically rich sites in the region.
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Willows (Salix spp.) are common on partially vegetated gravel bars, and may
form fairly extensive thickets; however, these thickets are not as extensive
as riparian willow communities further west, such as on the Sagavanirktok,
Kuparuk, and Colville Rivers. This phenomenon is most apparent on the Landsat
classification, which shows only partially vegetated areas adjacent to the
larger rivers within the refuge. The relatively limited supply of riparian
willows within the study area may be of significance to the numerous wildlife
species that compete for this resource.

Dense willow communities also occur along some of the smaller drainages in
bands too narrow to appear on Landsat images. These smaller streams and
quieter interchannel areas of some larger rivers have lush sedge and willow
stands. The heights of the willows vary according to the amount of winter
snow cover and the summer temperature regime. Willows near the coast are
mostly prostrate, while near the southern boundary of the study area, shrubs
can exceed 2 m in height (Walker 1981).

Dry terraces Jjust above the main braided channels often have distinctive dry
prostrate shrub, forb tundra (Dryas river terraces). These communities are
fairly extensive, especially along the Canning River. However, they have
spectral signatures similar to that of the moist/wet sedge tundra category,
and are presently not separable in the Landsat classification.

Beaches, Spits, and Bars

Such features occupy a very small percentage of the study area. Soil
development 1is either lacking or in some stable sites Cryorthents are
recognized. Permafrost does not enter into the soil taxonomy although it
probably underlies these sites.

Sand Dunes

Sand dunes are rare in the study area, and are confined mostly to the delta
areas of the Canning, Hulahula and Jago Rivers. The features are small,
mostly less than 1.5 m high and composed of fine sand with a significant silt
component. The solls are Pergelic Cryopsamments.

Data Gaps

Future vegetation and habitat information needs for the study area will
require the development of a base map of a higher degree of detail than is
possible with Landsat data. A base map similar to the geobotanical atlas
(1:12,000) of the Prudhoe Bay region should be developed for the study area.
Adequate time should be allotted for ground-truthing and accuracy assessments
to ensure the development of a reliable map. A base map at this scale is
needed for habitat identification for various wildlife species. If further
exploration and/or development occurs on the study area, this base map is
essential to aid in site selection for facilities and related activities to
minimize environmental impacts.
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Chapter U
BIRDS

Information in this chapter is divided into U4 major sections following a brief
description of the birds present in the study area. The first 3 sections
discuss avian utilization of the major habitat types: 1) tundra - including
wetlands, uplands, and inland lakes, ?) shoreline habitats and, 3) coastal
lagoons and offshore waters. The final section is an annotated species list
gummarizing available records for each bird species known to occur in the
Arctic National Wildlife Refuge study area.

Avifauna of the ANWR Study Area

A total of 135 species of birds have been recorded in the ANWR study area
(Table 1). Sixty-four species were known to breed, and 57 species may be
considered as rare, casual, or accidental in their occurrence. Seven species
are known to winter, U of which are present regularly each winter. The status
of several species may be modified with further field work. The abundance and
status codes used in Table 1 are defined by Kessel and Gibson (1978). The
abundance code is presented first followed by the status code. More than 1
abundance-status code can be listed for each species. The abbreviations used
in Table 1 are as follows:

Abundance

Abundant (A)
Common (C)

Fairly common (FC)
Uncommon (U)

Rare (R)

Casual (Cas)
Accidental (Ace)

Status

Resident (Res)

Summer Resident (SRes)
Breeder (B)

Migrant (M)

Spring migrant (SpM)
Fall migrant (FM)
Visitant (V)

Summer visitant (SV)

Other

Probable (prob)
Possible (poss)




Table 1. Status of birds known to occur on the coastal plain of Arctic
National Wildlife Refuge, Canning River to Canada border as of 18
September 1985.
Species Coastal plain Inland coastal Outer coastal
in general plain plain and coast
Common loon prob RV,RM
Yellow-billed loon RM UM
Pacific loon CB CB CB,CM
Red-throated lcon FCB,CM
Red-necked grebe Cas SV
Horned grebe Cas SV
Short-tailed shearwater Cas SV
Tundra swan v CB,CS Res
Trumpeter swan RB
Canada goose UB,U to FCM
Brant UB,AM
Greater white-fronted
goose U to FCSpM,CFM
Snow goose USpM, RSV, AFM
Ross' goose Cas SpM
Mallard RB UM, RSV
Northern pintail CM,CSRes,RB
Green-winged teal UB RB
Northern shoveler RM,RSV
Furasian wigeon Cas V
American wigeoan J to FCM
Greater scaup UM, USV
Lesser scaup RB,RSV
Common goldeneye RSpM,RSV
d1dsquaw CB CB, ASRes, AM
Harlequin duck RB,USV
Steller's eider RB,RSRes
Common eider UB,FCM,FCSRes
King =2ider UB, UM
Spectacled eider UB
White-winged scoter poss RB UM, USRes
Surf scoter UM,USRes
Black scoter UM, USRes
Conmory merganser Cas SV

Red-breasted merganser UB,USRes,FCM,Cas SV

Northern harrier RSV

Northern goshawk RSV

Fough-legged hawk UB,USRes

Gelden eagle prob RB,U to FC
SRes

American Testrel Cas V

Merlin poss RB,RV

Peregrine faleccon poss RB,RSRes

Gyrfalcon UB, URes

Willow ptarmigan CRes,CB

Rock ptarmigan CRes,CB

Sandhill crare RSpM

Semipalmated plover RB

69

RB,RSRes,FCM

U to FCSRes

RV
Usv,UFM
RV
URes,UB
CB, CRes
RB,USRes
RB,RSV



Table 1. Continued.

Species Coastal plain Inland coastal Outer coastal
in general plain plain and coast

Lesser golden-plover FCB,FCM FCB,CM

Black-bellied plover RM RSpM,RB, FCFM

Eurasian dotterel Cas SV

Killdeer Cas SV

Black-tailed godwit Ace M

Hudsonian godwit Cas V

Bar-tailed godwit RM

Whimbrel RB uv

Upland sandpiper Locally U to FCB

Lesser yellowlegs Cas M

Spotted sandpiper UB

Wandering tattler UB

Ruddy turnstone UB FCB, UM

Red-necked phalarope FCB CB,C to AM

Red phalarope UB FCB,U to FCM

Common snipe RSV,poss B RV

Long-billed dowitcher UB,FCSRes,
CFM

Red knot RM

Sanderling RSpM, CasB,
UFM

Semipalmated sandpiper CB AB,AM

Western sandpiper Cas SpM,FCFM

Least sandpiper RM,RV

White-rumped sandpiper RSpM, poss RB,
UFM

Baird's sandpiper FCB UB,UM

Pectoral sandpiper CB,CM CB, AM

Sharp-tailed sandpiper Cas M Cas M

Dunlin UB, FCFM

Stilt sandpiper UB, UM FCB,FCM

Buff-breasted sandpiper Locally R to FCB UM

Pomarine jaeger CSpM,Locally

U to CSV,B

Parasitic Jjaeger FCSRes,B

Long-tailed jaeger FCSpM, CSRes FCB UB

Glaucous gull prob UB,USRes CB,AM

Slaty-backed gull Cas V

Herring/Thayer's gull  RM,RSV

Mew gu1ll RSpPM, RSV prob RB

Bonaparte's gull Cas V

Ivory gull RM

Black-legged kittiwake RM

Ross' gu11 Cas M

Sabine's gull UB,Un

Arctic tern RB FCB,SV M

éIg;Ek-b%lled) murre RM

HOPnenglll?mOt RB, UV,USRes

Snowy DTN Cas V

Y owl RSRes R to CB,SRes
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Table 1. Continued.

Tnecies Coastal plain Inland coastal Outer coastal
in general plain plain and coast
rt-eared owl R to CB R to FCB,M
mron nighthawk Cas V
masztern kipgbird Acc V
5ay '3 phoebe Cas V,Acc FM
Acc V
RB,RV Cas V
Jiclet-green swallow Acc SpM
Bank zwallow Cas M
2arn awallow Cas V
C1iff swallow RSpM,RB
Srav jav Ace Vv
Commorn raven URes URes
American dipper Locally UB,URes
American robin Cas SV
Varied thrush Acc V
Hermit thrush Acce
Gray-cheeked thrush Cas V
Northern wheatear RV
Eluethroat RB,RM
Yellow wagtail Locally R to FCB
Water pipit RB,FCFM RB
Cedar waxwing Acc V
Northern shrike RV,poss B
Orange-crowned warbler Acc M
Yellow warbler poss RB Cas V
Wilson's warbler Cas,FM
Red-winged blackbird Cas V
Rusty blackbird Cas M
Brcwn-headed cowbird Acc Vv
Redpoll Locally R to AB,SV
Pine siskin RV
Savannah sparrow Locally U to FCB
Dark-eyed junco RM
American tree sparrow Locally R to FCB
Chipping sparrow Cas V
Clay-colored sparrow Acc V
White-crowned sparrow R to FCB
White-throated sparrow Acc V
Fox sparrow RSV,poss B
Lapland longspur AB
Smith's longspur RV
Snow bunting CB
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Bird Use of Tundra Habitats

geveral studies of tundra birds, whose major objectives were to describe
intensity of bird use on various tundra habitat types, have been conducted
during the past 15 years within the ANWR study area. In 1970 Schmidt (1970)
censused birds near Beaufort Lagoon on randomly-located quadrats (402 x 402 m,
0.62 km?) to determine waterfowl-use days. Andersson (1973) estimated
densities of certain shorebird species at the Nuvagapak Point area in 1970.
galter and Davis (1974) used ground transect surveys to quantify bird use in
several Yukon and Alaska north slope habitat types, including 5 sites and 10
nabitat types on the coastal plain of ANWR. Previously, the most extensive
study of total bird populations in most of the habitat types on the coastal
plain of ANWR was conducted in 1977 by Magoun and Robus (1977). Eight
different sites and 14 different habitats were surveyed using 86 km of linear
transects (3.4 km? of area surveyed). Spindler (1978a) censused nesting and
transient bird populations on U4 different tundra habitat types prevalent near
the Okpilak River Delta in 1978 (Fig. 1). A total of 1.75 km? was sampled,
3 0.5 km2 plots and 1 0.25 km? plot, each representing a different habitat
type. At Demarcation Point in both 1978 and 1979, Burgess (1980) censused
nesting birds on a single 0.30 km? plot in an area of varied tundra
habitats. Martin and ™oitoret (1981), Martin (1983) and Moitoret (19383)
conducted intensive studies of nesting and transient bird populations in
relation to habitat conditions and prey base on ANWR in 1979 and 1980, at the
Canning River delta (Fig. 1). They censused 3 different tundra habitat types.

Other studies conducted on the Alaska north slope provide data on nesting
populations: on the outer coastal plain near Pt. Thomson (Wright and Fancy
1980); near Prudhoe Bay (Norton et al. 1975, Hohenburger et al. 1980); near
Barrow (Myers and Pitelka 1980); and on the interior coastal plain at Atkasook
(Myers and Pitelka 1980). 1In addition, Derksen et al. (1981) presented data
on seasonal bird populations (including breeders and transients) at 2 interior
coastal plain sites, Singiluk and Square Lake, and 4 outer coastal plain
sites, Storkerson Point, Meade River delta, East Long Lake, and Island Lake.

An intensive study of tundra bird use was conducted on the ANWR coastal plain
from 1982-1985 as part of the 1002 baseline studies. The primary objective
was to investigate variations in bird use in 7 different habitat types (Table
2) as defined by Landsat imagery (Walker et al. 1982) and discussed in Chapter
3. Secondary objectives were to document changes from reproductive to
post-reproductive seasons, annual variation, and variation associated with
different sampling locations.

Replicate 10-ha plots located in habitats delineated by recent Landsat imagery
Were sampled for nest and bird density data at 8 different sites (Table 3,
Fig. 1). Censuses were conducted weekly during the reproductive season (10
June - 18 July), and 1 or more post-reproductive season (19 July - 30 August)
Censuses (Table 4) were conducted annually fOates et al, 1986b). A1l
locations were not sampled during all years of the study. This study design
hampered examination of annual variability, but provided sampling opportunity
for additional 1locations (Table 3). A combination of data from plots and
Systematic documentation of sightings incidental to censuses were incorporated
to describe distribution, status, breeding phenology, and wmigration.
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Table 2. Habizat types for bird census plots, Arctic National Wildlife Refuge, Alaska 1982-1985,
Corraspondence with the dominant Landsat cover units (Walker et al. 1982), or other vegetation
types where applicable, is shown.

Habitat class Landsat cover unit Dominant cover types
No .2 Abbreviated name not separated by lLandsat
IT Flooded Pond/Sedge Tundra Complex (TTa)

Aquatic Tundra (IIb)
Wet Sedge Tundra - Noncomplex (TITb)

IIT Wet Sedge Wet Sedge Tundra - Noncomplex (ITTa)

IV Moist Sedge moist sedge tundra (mesic)b
sedge-willow tundra (mesic)C
willow-sedge tundraC

IVa Mosaic Moist/Wet Sedge Tundra Complex (IVa)

Wet Sedge Tundra-Moist Complex (TIIc)

v Moist Sedge-Shrub Moist Sedge, Prostrate Shrub Tundra (va)
Moist Sedge/Barren Tundra Complex-
(frost-scar tundra-Vb)

VI Tussock Moist Sedge Tussock,
Dwarf Shrub Tundra (VIa, b)

IX Riparian Dry Prostrate Shrub, Forb Tundra low willow®
(Dryas River Terraces-IVb)
Partially Vegetated Areas-River Bars (IX)
Barren Gravel or Rock(X)
Barren Mud or Wet Gravel(XI)

ANumber generally corresponds with dominant Landsat cover unit number.

bHomogenous moist sedge meadow with little or no micro-relief (Spindler et al. 1984a).

CVegetation type described by Viereck et al. (1982).
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Table 3. Numbers of plots of each habitat type® censused at terrestrial bird study locations,
Arctic National Wildlife Refuge 1982-1985.

Census Habitat type
Location years IX I1 ITT IVa v v VI
OkpilakDP 1982, 1983, 1985 2 3 3 I - 5 -
Katakturuk 1982, 1983, 1985 - - 1 - 2 3 3
Jago Bitty 1983, 1985 3 - 3 - 3 3 3
Aichilik 1984, 1985 3 - 3 - 3 3 3
Sadlerochit® 1984, 1985 ] - 3 3 - 3 3
Jago Delta 1984, 1985 3 3 3 3 - 3 -
Marsh Creek 1985 3 - - - - 3 3
Niguanak 1985 - 3 3 - - 3 3

dHabitat descriptions modified by Spindler et al. 1984a.
PRiparian plots censused only in 1983.
CFourth replicate plot (594) censused only in 1985.




9.

Table 4., Census effort for terrestrial birds on Arctic National Wildlife Refuge 1982-1985.

Approx. beginning date Census
of census period period

Year

1982

1983

1984

1985

Reproductive season:

10 June

17 June

24 June

1 July

8 July
Post-Reproductive Season

=W

22 July
5 August
12 August
19 August
26 August 1

[@JNe Be B Ble)Y

+ o+ + +

+ + 4+ +

+oFoF o+ o+

+ o+

o+ oF o+ o+

40nly censused at Niguanak and Jago Delta sites.




The Landsat habitat classification system was modified (Spindler et al. 1984a)
to account for its inability to discern linear riparian willow habitats and to
distinguish between differing habitats with similar spectral reflectances
(Moist Sedge and Mosaic). 1In addition, small patches (less than 100 m by 100
m) of a Landsat habitat interspersed in an area of a different Landsat habitat
were normally undetected. Finally, other studies of tundra bird habitat use
indicated that habitat preference was probably influenced by habitat
characteristics which could not be measured at the Landsat level of resolution
(Myers and Pitelka 1980, Troy 1985).

Spring Migration

For most species, the coastal plain was the terminus of spring migration:
these birds arrived on the tundra and began breeding activities (Table 1).
For a few species, the ANWR coastal plain was part of their spring migration
corridor and was used by most individuals for resting and feeding while
enroute to main breeding areas elsewhere. Brant used the coastal plain
primarily as a migratory corridor. They were dependent on tundra vegetation,
specifically saline Wet Sedge (wet saline tundra 3d), for resting and feeding
while enroute to the main breeding grounds in Canada. Large numbers of
Pacific and red-throated loons, as well as short-eared owls, arctic terns, and
glaucous gulls used the coastal plain tundra for feeding and resting in early
to mid-June. Many of these moved to other nesting or summering areas by
late-June (Spindler 1978a, Martin and Moitoret 1981). Snow geese used Wet
Sedge meadows for grazing while enroute to breeding areas. Red knots
migrating to Canadian breeding grounds occasionally stopped to rest and feed
in Wet Sedge tundra. Sanderlings in migration frequently stopped to forage on
coastal bluffs and dunes while enroute to breeding areas (Spindler 1978a,
Martin and Moitoret 1981). Pomarine jaegers, perhaps many thousand, migrated
low over the coastal plain feeding on birds and small mammals as they flew to
Canadian breeding grounds (Spindler 1978a, Martin and Moitoret 1981).

Reproductive and Post-Reproductive Seasons
A detailed description of bird habitat use during the reproductive and
post-reproductive seasons is presented in the following section for each major
habitat type. Unless otherwise noted, the material in this section represents
4 summarization of material from Spindler and Miller (1983), Spindler et al.
(1984a), Moitoret et al. (1985) and Oates et al. (1986b).

Habitats

Riparian (Type IX)

Riparian habitats supported the highest mean densities of total birds
(X=“O3/km2) and the greatest species richness (X=7.0/.1 km2) during the
breeding season (Fig. 2). Similarly, this habitat was among the highest in
degsity of nests and diversity of nesting species (Fig. 2). Ruddy turnstone,
Bal?d's Sandpiper, and American tree sparrow nests were found only in Riparian
habitat as were large percentages of the nests of redpolls, savannah sparrows,
Zziéoﬁ Wagtails, short-eared owls, long-tailed jaegers, buff-breasted
and Plpers, semipalmated sandpipers, lesser golden-plovers, rock ptarmigan,
Speo?orthern pintails (Fig. 3). High percentages of the observations of these
1e€s were also made in Riparian habitat (Fig. 3).
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Riparian areas provided a unique variety of environmental components which
contributed to high species diversity. Rivers, streams, sloughs, and ponds
were often used for nesting and feeding by oldsquaw, red-breasted mergansers,
common eiders, harlequin ducks, tundra swans, and red-throated loons. Common
eiders, northern pintail, and oldsquaw nested along the banks or on islands.
Shorebirds, glaucous gulls, and arctic terns rested and fed on gravel, mud,
and sand bars. In addition, the majority of ruddy turnstone and Baird's
sandpiper nests, as well as some lesser golden-plover nests, were found on
bars. Riverbanks and bars which were generally above water and not subjected
to severe ice scour were vegetated with Dryas forb communities, sedges, and
willows. Lesser golden-plovers and buff-breasted sandpipers nested on Dryas
terraces and areas of short sedge cover, forbs, and scattered willows.
Semipalmated sandpiper, short-eared owl, and Lapland longspur nests were most
often found in areas of short sedge with scattered willows. Lapland longspurs
Wwere the most common birds observed during the reproductive period. Although
27% of Lapland longspur sightings were made in Riparian habitat, only 11% of
the observed nests were found there. Assuming equal detectability of nests
among habitats, Riparian habitat appeared to provide relatively higher quality
foraging habitat than nesting habitat for Lapland longspurs.

A gradient in willow height which seemed to influence the composition and
density of the bird communities was apparent among locations. Katakturuk and
Marsh Creek had the tallest willows (up to 1.5 m) on Riparian plots (Spindler
and Miller 1983). The willows at Jago Bitty, Sadlerochit, and Aichilik were
generally shorter (approximately 0.5 m tall) and the plots at Jago Delta and
Okpilak had very few erect willows which were all less than 0.3 m tall
(Spindler et al. 1984a, Moitoret et al. 1985). Four fairly common passerine
species seemed to be most affected by this apparent gradient. Redpolls nested
above ground on willow limbs, American tree sparrows placed their nests in
grass or sedge clumps adjacent to willow trunks or in thickets, savannah
sparrows nested on the ground under shrubs, and yellow wagtails apparently
(only 1 nest was found) nested in exposed root balls (McWhorter et al. 1985)
or hollows of grasses or plant stems (Harrison 1978) . These 4 species were
usually found in lower densities or were absent at locations with 1low
densities of erect willows (Jago Delta, Okpilak, Aichilik, Sadlerochit) (Oates
et al. 1986a, Magoun and Robus 1977). In addition, most of the nests of these
species were found at Marsh Creek and Katakturuk (Oates et al. 1986b).

Changes in mean total bird density between reproductive and post-reproductive
seasons were localized and no consistent patterns of 1increase or decrease
across seasons existed among 1locations (Fig. 4). Nevertheless, Riparian
habitats continued to have the highest mean total bird densities during the
post-reproductive season (Fig. 2).

The mean number of species observed either declined or remained relatively
unchanged from reproductive to post-reproductive seasons at virtually all
locations in all years (Fig. 4). This overall decline in species richness
probably resulted from localized habitat shifts or the loss of early migrants
(Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates
et al. 1986b). Red-throated loons and oldsquaw moved to lagoon and offshore
areas soon after breeding (Spindler 1979a). Nonbreeding pintails and pomarine
Jaegers were early migrants. Densities of ruddy turnstones, semipalmated
sandpipers, Baird's sandpipers, buff-breasted sandpipers, and redpolls
declined, but their relative use of Riparian habitat remained high (Fig. 3.
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Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oatesg
et al. 1986a).

Lesser golden-plover and yellow wagtail densities fluctuated locally from
reproductive to post-reproductive seasons, but exhibited an overall increase
in Riparian habitat. Pectoral sandpiper densities increased consistently and
displayed substantial increases at Sadlerochit (from 9 to 228/km?2) and
Aichilik (from 5 to 13/km2) in 1984 (Moitoret et al. 1985). Densities of
Lapland longspurs generally remained at similar levels across the seasons and
they continued to be the most abundant species. American tree sparrows and
savannah sparrows increased at Marsh Creek and Katakturuk, both areas with
dense tall willows. However, they were absent from Jago Delta during both
seasons and declined at Sadlerochit and Jago Bitty.

Willow and rock ptarmigan increased during the post-reproductive season at
locations with erect riparian willows (Fig. 5). Ptarmigan broods were often
seen foraging and seeking cover among willows. Increases were locally quite
large and probably resulted from a combination of recruitment occurring within
riparian habitat and an influx of broods from surrounding habitats (Oates et
al, 1986b).

Mean total bird density (pooled over both seasons) increased at Katakturuk
between 1982 and 1985 and at Katakturuk and Jago Bitty between 1983 and 1985
(Fig. 4, Oates et al. 1986a). Species exhibiting the greatest increases were
rock ptarmigan, semipalmated sandpiper, Lapland longspur, American tree
sparrow, and savannah sparrow at Katakturuk and willow and rock ptarmigan at
Jago Bitty.

Flooded Habitat (Type II)

Flooded habitat was 1 of the 2 most extensively utilized habitat types on the
ANWR coastal plain in terms of avian density and richness (Fig. 2). Although
Flooded habitat generally supported fewer total birds than Riparian habitat,
their relative values were not directly comparable since each habitat was
exploited by different bird species. Passerines and upland shorebirds used
Riparian habitat (Fig. 3), while loons, waterfowl (primary oldsquaw), and
wetland shorebirds (primarily phalaropes and pectoral sandpipers) exploited
Flooded habitat (Fig. 6).

The availability, or ice-free period, of Flooded habitat imposes constraints
on the breeding chronology of tundra nesting birds. The relatively short
reproductive season associated with arctic ecosystems has imposed strong
selection pressures on length of the breeding period and limited the northward
range of many species (Uspenskii 1084). Unusually late thaws can have
detrimental effects on reproductive Success. Breeding initiation for aquatic
and shoreline nesters is largely determined by the completion of thaw,
overflow, and restoration of water levels. While Flooded habitat remained
frozen, many bird species foraged in small troughs and ponds in the upland
tundra. Depending on how long Flooded habitats remain unavailable, birds may
delay nesting, shift habitats, or abort reproductive activities altogether
(Uspenskii 198Y4).

The Landsat classification of Flooded habitat (Chapter 3) conglomerated

several of the wetland classes distinguished by Bergman et al. (1977). Since
patterns of avian distribution have ©been correlated with the Bergman
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classification (Bergman et al. 1977, Derksen et al. 1981), briefly contrasting
the wetland types at each study 1location will <clarify the subsequent
discussion. Flooded plots at Okpilak (coastal) and Niguanak (inland)
jocations contained deep-Arctophila (Class V) lake systems, while at Jago
pelta (coastal), flooded plots consisted of shallow-Carex (Class II) and
shallow-Arctophila (Class III) wetlands. In general, Flooded habitat sampled
at Jago Delta was comprised of shallow, often ephemeral ponds, while plots
gurveyed at Okpilak and Niguanak encompassed larger expanses of deeper water.
These habitat differences probably influenced total avian numbers and species
composition, therefore, differences between study locations were not entirely
attributable to spatial effects. Because results were often inconsistent
(typically lower at Jago Delta), they will be discussed for each location.
These inconsistencies indicate that variability in avian responses to the more
general Landsat habitat type was probably due to the different wetland classes
occurring at each location.

Mean total bird density in Flooded habitat during the reproductive season
ranged from 189/km? at Jago Delta in 1984 to 479/xm2 at Okpilak in 1985
(Moitoret et al. 1985, Oates et al. 1986a), (Fig. 7). The higher mean number
of species observed at Okpilak and Niguanak wmay have been related to the
extensive coverage of large ponds and lakes at those sites (Gollop and Davis
1974a) . Total avian numbers and species diversity for a given 1location
increased across successive years of sampling (Fig. 7, Spindler and Miller
1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates et al. 1986a).

In 1985, mean total nest density on Flooded habitat supported an average of
50.0 nests/km2, second only to Riparian habitat (Fig. 2). Mean nest density
ranged from 20/km? at Jago Delta to 67/xm2 at Okpilak (Fig. 7). The
average number of species nesting on the 10 ha study plots in 1985, was 4.0 at
Okpilak and 3.7 at Niguanak, higher than all other habitats sampled at those
locations. In contrast, Jago Delta averaged only 2.0 nesting species/0.1
km? (Oates et al. 1986a).

Pacific loons were common residents at Okpilak and Niguanak, but were not
Observed on Flooded plots at Jago Delta. Considering loons dive to feed,
often nest on small islands, and require considerable expanses of water to
take flight and land, the shallow ponds that comprised Jago Delta's flooded
plots were not suitable habitat. However, loons bred nearby in association
with larger, permanent water bodies (McWhorter et al. 1986). Pacific loon
abundance was positively correlated with lake size on the Yukon north slope
(G01lop and Davis 1974a). On the National Petroleum Reserve-Alaska (NPR-A),

Pacific and red-throated loons were closely associated with Deep-Arctophila

(Class IV) wetlands (Bergman et al. 1977, Derksen et al. 1981). Red-throated
loons did not occur at the inland Niguanak site, but they were relatively
common coastally at Okpilak, where nesting density averaged 2.2/kn? in
Flooded habitat (Oates et al. 1986a, McWhorter et al. 1986).

As €Xpected, waterfowl species extensively used Flooded habitat except at Jago
D?lta where densities were substantially lower. A total of only 6 northern
géggails and 5 oldsquaw were sighted over 2 years of sampling (Moitoret et al.
the » Oates et al. 1986a). Among all waterfowl species, northern pintails had
lowest affinity to Flooded habitat during the reproductive season (Fig.
seve Aoross.the Yukon north slope, waterfowl use was highest at lakes that had
sed ral habitat features in common: shoreline brush for nest cover, areas of
g€ marsh for concealment of young and good forage, and at least part of the
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shoreline formed into a shallow basin to accommodate surface feeding ducks and
shopebirds (Gollop and Davis 1974a). Oldsquaw were the most abundant
waterfowl breeders on the coastal plain, and over 68% of the observations of
oldsquaw during the breeding season were in Flooded habitat, as well as 60% of
the oldsquaw nests (Fig. 6, Spindler and Miller 1983, Spindler et al. 1984a,
Moitoret et al. 1985, Oates et al. 1986b).

Several shorebirds, including pectoral and stilt sandpipers, long-billed
dowitchers, and phalaropes were closely associated with Flooded tundra during
the reproductive season. Pectoral sandpipers were the most abundant and
widely distributed shorebird on the ANWR coastal plain, and their average
density was highest in Flooded habitat (X=78 /km? reproductive season, Fig.
6). Flooded tundra was not primary nesting habitat for pectoral sandpipers.
Although their average nest density (10.6/km?2) exceeded other shorebirds in
Flooded habitat (Fig. 6), pectoral nest density was comparable in Wet Sedge
and Moist Sedge-Shrub higher habitats and higher in Mosaic habitat .

Red-necked and red phalaropes were closely associated with Flooded habitat,
attaining average reproductive densities of 4q and 21 birds/ka,
respectively (Fig. 6). Average phalarope nest densities were also several
times greater in Flooded areas compared with other habitats (8.1/km2 for
red-necked and 4.4 nests/km? for red phalarope, Fig. 6). Red-necked
phalaropes were the more abundant and widespread, while red phalarope
distribution was primarily coastal (Fig. 6). Annual and seasonal fluctuations
in phalarope numbers varied considerably (Spindler and Miller 1983, Spindler
et al. 1984a, Moitoret et al. 1985, Oates et al. 1986b). 1In 1978, red
phalaropes were more abundant than red-necked phalaropes (8.0 vs 38.4/km?
respectively) in Flooded habitat at Okpilak (Spindler 1978a), however, since
1982, the ratios have been reversed (Fig. 8, Spindler and Miller 1983,
Spindler et al. 1984a, Oates et al. 1986b). High red phalarope densities at
Jago Delta (Fig. 8) may have been due, in part, to the more shallow wetland
types that comprised the study plots (Derksen et al. 1981), and/or to the
Eggximity of littoral areas (Connors et al. 1979, as cited by Derksen et al.
1).

During the reproductive season, over half of the long-billed dowitcher and
stilt sandpiper observations were made in Flooded habitat (Fig. 6). Flooded
habitat supported relatively few semipalmated sandpipers. The greatest use
was observed coastally, especially during 1985 (Oates et al. 1986a), when
Semipalmated sandpiper density at Okpilak and Jago Delta averaged 13/km 2
during the reproductive season. Semipalmated sandpipers and lesser
golden-plovers were never observed nesting in Flooded habitat. Lesser
golden-plover reproductive-season densities were intermediate to those 1in
Other habitat types, averaging 9 birds/km2 (Fig. 6). The average Lapland
1°“$SPUP nest density was higher than that of other bird species in Flooded
Eabltat (Fig. 6), but was the lowest longspur nest density across all habitat
ypes. Similiarly, the relatively high population densities attained by
longspurs in Flooded habitat amounted to less than 10% of the observations
across all habitats (Fig. 6).

22221 total bird densities increased during the post-reproductive season at
numbeak’ and Qago Delta (1985), but at the inland location of Niguanak total
post rs declined (Fig. 7, Oates et al. 1986b). The trend for

~reproductive densities to decline inland and rise coastally (Myers and

P.
O;telka 1980) was accompanied by a general decrease in mean numbers of species
Served (Fig. 7).
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sandpipers averaged 204 birds/km? during the post-reproductive

pectoral : - .
season as pectoral adults attended chicks, and 1later, migrating flocks
congpegated in Flooded areas. The following reproductive season for pectoral

use was consistent for all 1locations and years, excluding Jago Delta, 1984
(Fig. 8, Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al.
1985, Oates et al. 1986a) . The highest local post-reproductive pectoral
density averaged 423/km? at Okpilak in 1983 (Spindler et al. 1984a). Martin
(1983) reasoned that heavy use of wet/flooded tundra by late summer migrants
reflected an abundance of midge (Diptera: Chironomidae) 1larvae in pond
sediments. This abundance of food probably attracted the many shorebird
family groups that concentrated in Flooded areas after hatching. The
proximity of Flooded habitat may affect breeding densities in other habitat
types for those species that rely on Flooded tundra as brooding areas.

Flooded areas were frequently visited by late-season flocks of long-billed
dowitchers. Stilt and semipalmated sandpiper numbers decreased after the
reproductive season. Pintails utilized flooded terrain to a greater extent in
the post-reproductive season (Fig. 6), as overall densities increased at both
Okpilak and Niguanak. Late-season use of Flooded tundra by oldsquaw,
excluding the larger lakes, was negligible at all 1locations. Males 1left
during mid-summer and gathered in coastal lagoons and shoreline waters, while
females molted and attended broods on large deep lakes before joining the
coastline congregations (see Species Accounts). The high density of oldsquaw
at Niguanak (X=25/km2 Fig. 8) appeared to consist largely of non-breeders.
However, several females with broods gathered during August on the large lake
near the Niguanak study location.

Data from surveys of avian use of the ANWR coastal plain were in agreement
with findings reported by Uspenskii (1984): the main bulk of tundra bird
populations occur in terrains that have moderate and high degrees of water
gathering in topographic depressions. Flooded habitat was one of the more
critical habitats for a large proportion of the resident and migratory bird
populations.

Wet Sedge (Type III)

Wet Sedge tundra generally supported relatively low densities of wmean total
birds and nests with low to moderate species diversity (Fig 2), but exhibited
Some of the highest local and annual variability in bird use of any habitat
Studied. This habitat has a wide range of characteristics within the Landsat
class and a large variety of wmicrosites and inclusions of other vegetation
types. Typically, Wet Sedge is composed of low-centered polygons and/or
Strangmoor of varying density. Vegetation varies from predominantly sedges,
to sedges with a thick moss mat, to sedges with shrub-rich strangs. Surface
Water cover also varies widely between years within and among 1locations
depending on the amount of winter snow accumulation, time of snow melt, and
Summer precipitation. Usually, this habitat has standing water early in the
Sumber and is free of water later in the season. However, in wet years Wet
Sedge habitat may remain almost continuously flooded, while in dry years it
m?Y be free of surface water from the onset of summer. Avian density, species
:;ZePSity{ and species composition of birds utilizing Wet Sedge for nesting
a foraging may be related to availability and interspersion of microsites,
S well as to the extent, depth, and duration of standing water.
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In 4 annual comparisons Wet Sedge ranked fourth to sixth among 7 habitatg
studied for mean total bird density during the reproductive season. It
supported substantially lower mean densities of total birds than Riparian,
Flooded, and Mosaic tundra in 1982 and 1983, and Riparian and Flooded tundry
in 1985 (Spindler and Miller 1983, Spindler et al. 1984a, Oates et a1,
1986b) . Average total bird densities varied slightly among years (X=
l?l/ka), but varied widely between locations (Fig. 9). Sadlerochit
supported the highest mean number of total birds in 1984  (X=211/xm2,
Moitoret et al. 1985), and in 1985 (X=401/km?2) was second only to
Sadlerochit Riparian and Okpilak Flooded habitat for total bird densities
(Oates et al. 1986b). 1In contrast, Wet Sedge at Aichilik supported the second
lowest mean total bird densities (X=96/km?) recorded in any habitat in 1984
and 1985,

Mean total nest densities averaged 33.9/km? for all years and Wet Sedge
ranked sixth among 7 habitats (Fig. 2). As with total bird density, nest
density varied among locations; Sadlerochit supported an average of 140
nests/km? in 1984 and 1985, whereas no nests were discovered in Wet Sedge at
Katakturuk in 1983 and 1985 (Spindler and Miller 1983, Spindler et al. 1984a,
Moitoret et al. 1985, Dates et al. 1986b) . Total nest densities at Okpilak in
1978  (X=U5/km?) and at Canning Delta in 1979 (X=59/km2) and 1980
(X=93/km?, Martin and Moitoret 1981) were markedly higher than those at most
locations studied from 1982-1985.

A moderate number of avian species were attracted to Wet Sedge habitat during
the reproductive season (Fig. 2). Mean species diversity was lower than in
Flooded and Riparian habitats during all years. For most locations, species
diversity varied only slightly among years from the mean of 4.3 species (Fig.
9).

There was high variability in diversity and composition of species using Wet
Sedge at different locations. Northern pintail, oldsquaw, rock ptarmigan,
red-necked phalarope, and short-eared owl were present only at Sadlerochit,
Jago-Bitty, and Niguanak. Savannah Sparrows were only observed at Sadlerochit
and Jago-Bitty, and willow ptarmigan were only recorded at inland foothill

locations (Jago-Bitty and Aichilik). Lesser golden-plovers, pectoral
sandpipers, semipalmated sandpipers, and lapland longspurs were present at all
locations 1in varying densities. Stilt sandpipers were observed in low

densities at all 1locations except Katakturuk and Sadlerochit, and red
phalaropes were rarely seen in Wet Sedge at coastal locations only (Okpilak
and Jago Delta).

Like total bird diversity, the mean number of nesting species was also
intermediate (X=2.3/0.1km?) relative to other habitats, ranking below
Riparian, Flooded, and Mosaic habitats in all years (Fig. 2). Among
locations, Wet Sedge ranged from lowest of habitats used by nesting species at
Okpilak (1985) and Katakturuk (1983, 1985) to second highest (next to Riparian
habitat) at Jago Bitty and Sadlerochit in 1985 (Spindler et al. 1984a, Oates
et al. 1986b).

Lapland 1longspurs were the most abundant nesters in Wet Sedge at all
locations, with an average nesting density of 14.2/km?. Typically, they
nested in raised microsites such as sedge-willow strangmoors or small
hummocks. The habitat was apparently not of high importance as it supported
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only 11% of their observed nests (Fig. 10) and ranked below Moist Sedge-Shrub
and Riparian nabitat during all years. In 1984 and 1985 Sadlerochit supported
gubstantially higher numbers of nesting longspurs (X=27/km?) than Jago Delta
(X=l7/km2) and Aichilik (X=10/km?2) (Moitoret et al. 1985, Oates et al.
1986a)- Highest 1longspur nest density was recorded at Okpilak in 1978
(X=29/km2) (Spindler 1978a). Moderate, but variable, densities were
determined at Canning Delta in 1979 (X=11.0/km2) and 1980 (X=22.0/km?)
(Martin and Moitoret 1981).

pectoral sandpiper was the second most common nesting species with an overall
average of 8 nests/km? (Fig. 10). Pectoral sandpipers exhibited wide annual
variation in nest densities between locations and habitats. Pectoral nest
densities fluctuated most at Okpilak and ranged in rank from second, below
Mosaic, 1in 1982 (l0.0/ka) to highest in 1983 (23.3/km2) to last (no
nests) in 1985 (Spindler and Miller 1983, Spindler et al. 1984a, Oates et al.
1986b) . Spindler (1978a) recorded a fairly low pectoral nest density at
Ookpilak of 6/km?. Intermediate nest densities were found at Canning Delta
in 1979 (X=11/km?) and 1980 (X=15/km?) (Martin and Moitoret 1981) .

Wet sedge supported low mean nest densities (X=0.3 to 2.1/km?) for all other
birds (Fig. 10) and varied by location and species in degree of importance as
breeding habitat (Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et
al. 1985, Oates et al. 1986b) . Stilt sandpipers and parasitic jaegers
appeared to have the closest affinity to Wet Sedge and had the highest
frequency of observations of any species (Fig. 10). Long-billed dowitchers
and buff-breasted sandpipers nested in low densities in Wet Sedge at coastal
locations. Two long-tailed jaeger nests (Aichilik and Jago Bitty) and 1
short-eared owl nest were found on hummocks in Wet Sedge at Niguanak (Fig.
10). Of all savannah sparrow nests, 239 were found in Wet Sedge, but only at
Sadlerochit (Fig. 10), where the high density of erect willows on strangmoor
may have been attractive for nest sites. Red phalaropes were only observed
nesting in Wet Sedge tundra (very wet and partially flooded complexes) at
Canning Delta where total nest densities reached 26 .0/km2 in 1979 and
48.0/km in 1980 (Martin and Moitoret 1981).

Wet Sedge tundra usually declined in total bird use and species richness
through the post-reproductive season. Despite this decline, Wet Sedge
appeared important at some locations during early brood rearing (through
mid-July) for insect foraging, especially by pectoral sandpiper and Lapland
longspur adults with newly hatched chicks and fledglings (Fig. 10). By August
the habitat was often uniformly dried and most avian use shifted toward wetter
habitats for foraging.

M?a“ total bird density during the post-reproductive season averaged 151
birds/km? and ranked intermediate to low among habitats. Density in 1985
was substantially below total birds supported by Riparian, Flooded, Moist
Sedge-Shrub, and Mosaic habitats (Fig. 2). In 1982, 10983, and 1985, densities
of nearly all species declined from reproductive to post-reproductive seasons
gztall locations (Fig. 9, Spindler and Miller 1983, Spindler et al. 1984a,
inces et al. 1986a). However, in 1984 the reverse was true with density
., ;eaSGS at Aichilik, Sadlerochit, and Jago Delta, as a result of high
himhers of pectoral sandpipers at Sadlerochit, Jago Delta, and Aichilik and
alg Lapland longspur numbers at Jago Delta and Aichilik (Fig. 11, Moitoret et
thé 1985). 1In 1985, use of Wet Sedge by birds at Jago Delta decreased from
sa 1984 high of 398/km2 due to the fluctuations in numbers of pectoral
ndpipers and Lapland longspurs.
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an number of species in Wet Sedge also declined during post-reproductive

e me . .
:zaSOn at most locations 1in most years to an overall mean of 2.8
species/o.lkm2 (Fig. 9). Mean numbers of species observed increased during

ost_peproductive period at Jago Bitty and Katakturuk in 1983 and decreas=d in
5935 (Spindler et al. 1984a, Oates et al. 1986b).

Although Lapland longspur use and frequency of observation generally
decreased, their average density (71/xm?2) remained highest of all species in
the post—reproductive period (Figs. 10, 11). Although longspur family groups
were commonly observed early in the season, Wet Sedge ranked sixth or seventn
overall among habitats for longspur densities. Density varied by location and
petween years, ranging from 23/km2 at Jago Bitty in 1983 to 180/km” at
Jago Delta in 1984 (Fig. 11, Spindler et al. 198l4a, Moitoret et al. 1985j.

Pectoral sandpipers were more variable in their use of Wet Sedge than Lapland
longspurs, but together the 2 species accounted for major fluctuations in
total bird densities during post-reproductive season. In 1982, 1983, and 1985
pectoral numbers generally declined in Wet Sedge during post-reproductive
period at all locations (Fig. 11, Spindler and Miller 1983, Spindler et al.
1984a, Oates et al. 1986b). Movements of large flocks of male pectoral
sandpipers (through mid-July) and female and juvenile groups (early to
mid-August) may temporarily swell densities in lowland habitats (Myers and
Pitelka 1980). This phenomenon apparently occurred in 1984 when pectoral
sandpiper densities increased during post-reproductive season (Fig. 11,
Moitoret et al. 1985).

Declines in overall avian diversity were the result of departure of several
species at different locations (Spindler and Miller 1983, Spindler et al.
1984a, Moitoret et al. 1985, Oates et al. 1986b). Oldsquaw and redpolls left
Wet Sedge at all locations where they had been present during reproductive
season, and most locations were vacated by stilt sandpipers, semipalmated
sandpipers, and red-necked phalaropes. Presence and degree of use by northern
pintail, rock and willow ptarmigan, lesser golden-plover, long-billed
dowitcher, buff-breasted sandpiper, short-eared owl, and savannan sSparrow
varied by location and year, but mean densities exceeded 6/km? and frequency
of occurrence did not exceed 13% in Wet Sedge (Fig. 10). Overall, parasitic
and long-tailed jaeger abundance remained consistent from reproductive to
post-reproductive seasons. Parasitic jaeger use of Wet Sedge (and most
habitats) appeared to be related to availability of longspur, shorebird, and
ptarmigan fledglings for prey (Maher 1974, McWhorter et al. 1986).

Mosaic Habitat (Type IVa).

Mosaie habitat, surveyed at the 3 coastal locations, supported moderately high
numbers of mean total birds and species during the reproductive season and
typically supported high mean nest densities (Fig. 2, Spindler and Miller
1983, Spindler et al. 198l4a, Moitoret et al. 1985, Oates et al. 1986b). This
habitat was characterized by diverse wicrohabitats with a mixture of
low-center and high-center polygons created by continual ice wedge formation
and melting on flat coastal terrain or in drained lake basins (Spindler 1978a,
M?Ptin 1983). Variety and interspersion of microhabitats were among the
highest of all habitats: polygonization formed a continuum of vegetation types
ranging from deep trough ponds to Wet Sedge and Moist Sedge along trough edges
to the drier high-polygon rims and centers typically composed of Shrub-Sedge
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communities (eg. lichens, dwarf shrubs and ericaceous species) (Spindler and
Miller 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates et al.
1986b). Microrelief often varied as much as 0.5 m or more from trough to
polygon rim. High-centered polygons were typically snow free by early June
and were used immediately by Lapland longspurs and shorebirds as snow receded
(Spindler 1978a). Polygon troughs and low-center polygons were generally ice
free by the second week in June. They provided abundant insect larvae and
these areas were the first heavily utilized foraging areas at coastal
locations.

Mean total bird densities in Mosaic habitat during the reproductive season
varied from 233/km2 in 1985 to 309/km? in 1984 (Moitoret et al. 1985,
Oates et al. 1986b). Ranking third among habitats, Mosaic supported densities
which were typically below Riparian and Flooded tundra and higher than Moist
Sedge and Tussock habitats in 1983 and 1985 (Fig. 2, Spindler et al. 19844,
Oates et al. 1986a).

Mean total nest density in Mosaic habitat was variable between locations and
years and ranged from 36.0 nests/km? in 1985 to the highest of all habitats
(X=78.3/km2) in 1984 (Moitoret et al. 1985, Oates et al. 1986b). Greatest
nest densities recorded in Mosaic habitat on ANWR were 87 .0/km? at Okpilak
in 1978 (Spindler 1978a) and 138.0/km? at Canning Delta in 1980 (Martin and
Moitoret 1981).

Mean number of species (5.4/0.1 km) varied 1little among years during the
reproductive season, and Mosaic ranged from second to fourth among habitats in
species richness, usually below Riparian and Flooded in most years (Fig. 2)
and comparable among locations (Fig. 12). A total of 19 species were
observed in Mosaic during the reproductive season (Fig. 13) from 1982 to 1985
with almost equal diversity and composition recorded at Okpilak (17 species),
Sadlerochit (16), and Jago Delta (16). Lapland longspurs, pectoral
sandpipers, and semipalmated sandpipers were observed most frequently at all
locations. Buff-breasted and stilt sandpipers were only seen at Okpilak and
Jago Delta, whereas savannah sparrows and ruddy turnstones were only observed
(in low densities) at Sadlerochit. Jaegers and owls primarily utilized the
habitat for foraging during the reproductive season. Snowy owls were fairly
common in 1985, using high hummocks and polygon rims for perches while hunting
microtine rodents (McWhorter et al. 1986).

Eleven species were recorded nesting in Mosaic and wean diversity over all
years varied from 2.0 (1983) to 3.7 species/0.1 km? (1984) (Spindler et al.
1984a, Moitoret et al. 1985). Mosaic habitat typically ranked third at all
locations, below Riparian and Flooded in species diversity (Fig. 2), but was
highest of all habitats (X=3.7 species/0.1 km?) in 198..

Lapland longspur and pectoral sandpiper nests accounted for high proportions
of the total nests and for major annual fluctuations in total nest densities.
Mosaic typically ranked second or third below Moist-Sedge Shrub and Tussock
for relative importance as Lapland longspur nest habitat and supported an
average of 20.0 nests/km2 (Fig. 13). Pectoral sandpipers were the second
most abundant nesting species with a mean nest density of 14.2/km?. Over
the years, Mosaic supported the highest relative frequency of observed
pectoral nests (Fig. 13) and ranked highest among all habitats at Jago Delta
(1984 and 1985) and second to Flooded tundra at Okpilak (1982, 1983, 1985)
(Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates
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et al. 1986b) . It was the only habitat in which pectoral sandpipers nested at
okpilak in 1985.

Mosaic ranked among the top 3 habitats for nesting semipalmated sandpipers,
4ith 30% of observed nests and a mean nest density of 7.5/km2 (Fig. 13).
gemipalmated sandpipers nested in substantially higher numbers at Sadlerochit
in 1984 (23.3/km?) and 1985 (16.7/km?) than at Jago Delta (6.7 and 3.3
nests/km® respectively)(Moitoret et al. 1985, Oates et al. 1986b). Nest
density at Canning Delta was similar to that at Sadlerochit with 20 .0 /km?
recorded in 1980 (Martin and Moitoret 1981). This species was only observed
nesting at Okpilak in 1982, although Spindler (1978a) recorded a nest density
of 6.0/km2 in 1978. Lesser golden-plover was the fourth most common species
and nested consistently in Mosaic habitat (mean of 3.5/km2) each year at all
locations (Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al.
1985, Oates et al. 1986b) .

Several of the 1less abundant nesting species occurred in high relative
frequencies (Fig. 12, Spindler and Miller 1983, Spindler et al. 198la,
Moitoret et al. 1985, Oates et al. 1986a). Oldsquaw nests were found once at
Sadlerochit (1984) and Jago Delta (1985). 1In addition, Jago Delta had the
only records of nesting northern pintails (3 nests) and long-tailed jaegers (1
nest) in Mosaic habitat. Buff-breasted sandpipers and red phalaropes nested
at Okpilak in 1982 and were also recorded there by Spindler (1978a). Although
Mosaic habitat had relatively low red-necked phalarope observations and nest
densities, it ranked second to Flooded at Okpilak and Jago Delta and second to
Wet Sedge at Sadlerochit (Spindler and Miller 1983, Spindler et al. 198.4a,
Moitoret et al. 1985, Oates et al. 1986b).

Mean number of species observed in Mosaic habitat declined during the
post-reproductive season (Figs. 12 and 13) and typically remained lower than
Flooded and Riparian habitats. With few exceptions, red-necked phalaropes,
red phalaropes, semipalmated sandpipers, stilt sandpipers, buff-breasted
Sandpipers, pomarine jaegers, parasitic jaegers, short-eared owls, redpolls,
and savannah sparrows left Mosaic habitat at all locations where they had
occurred during at least part of the reproductive season (Fig. 13).

Mean total bird density generally declined during the post-reproductive
season, with an overall mean of 2U40/km2. The greatest decline was apparent
in 1984 when densities decreased from 309/km? to 263/km2 between seasons
(Moitoret et al. 1985). Mean total bird density ranged from 209/km2 in 1985
to 263/km? in 1984 and was generally below mean total bird densities
observed in Riparian and Flooded habitats in 1983 and 1985 (Figs. 4, 7, and
12, Spindler et al. 1984a, Moitoret et al. 1985, Oates et al. 1986b).

Variation in Lapland 1longspur and pectoral sandpiper numbers accounted for
annual and local fluctuations in total bird densities. Jago Delta supported
the highest densities of longspurs observed in Mosaic during 1984 and 1985,
and, 1in contrast to other locations, increased in the post-reproductive period
igzitoret et al. 1985, Oates et al. 1986b). Pectoral sandpiper density
p reased substantially during post-reproductive season at Okpilak in 1983,
ngo Delta in 1984, and Sadlerochit in 1985 (Fig. 14, Spindler et al. 1984a,
comes-et al. 1986b). Initial influxes of pectoral sandpipers were largely
An Prised of early migrating males. Juvenile flocks moved through later (See
Notated Species List).
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microhabitats of Mosaic habitat provided cover and available ponds for

raging and brood rearing through the post-reproductive period. Early
fo pant flocks of adult and juvenile lesser golden-plovers and long-billed
gisitchers were observed at Jago Delta and Okpilak (Fig. 14). Rock ptarmigan
and northern pintails (adults with young) were observed more frequently during
post_reprodUCtive than reproductive season at Sadlerochit and Jago Delta, and
no$ of all oldsquaws observed after the nesting period were seen in Mosaic at

Jago pelta (Fig. 13).

Moist Sedge (Type 1v)

Moist Sedge ranked consistently among the lowest relative to other habitats in
pean total birds (91/km2), mean numbers of species (2.9/0.1km2 plot), mean
total nests and mean number of nesting species during the reproductive season
(Fig. 2) (Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al.
1985, Oates et al. 1986a). Magoun & Robus (1977) considered Moist Sedge to be
an important habitat due to its frequent close association with Wet Sedge
Meadow and Flooded Meadow. Lapland longspurs were the most common species
associated with this habitat, but occurred in low density (60/km2) relative
to other habitats (Spindler and Miller 1983, Spindler et al. 198l4a, Moitoret
et al. 1985, Oates et al. 1986b). Less common species included long-tailed
jaegers, rock ptarmigan, lesser golden-plover, pectoral sandpipers, redpolls,
and savannah sparrows (Fig. 15). Moist Sedge was, however, an important
nabitat for nesting stilt sandpipers, lesser golden-plover, and to a lesser
extent, for buff-breasted sandpipers, willow and rock ptarmigan, pectoral
sandpipers, and Lapland longspurs (Fig. 15).

varied

Mean total bird densities were higher during the 1984 post-reproductive season
than during both the 1984 reproductive season and the 1985 post-reproductive
season (Fig. 16, Moitoret et al. 1985, Oates et al. 1986a). Both differences
appeared to be the result of a large ingress of pectoral sandpipers and
Lapland longspurs (resulting in densities of 105/km2 and 173/km?,
respectively) at Aichilik during the post-reproductive season. Influxes of
pectorals during the post-reproductive season also occurred in Moist Sedge at
Katakturuk in 1982 (from 2 to 115/km2) and Jago Bitty in 1985 (from 4 to
28/xm2) (Spindler and Miller 1983, Oates et al. 1986a) . Rock ptarmigan
moved into Moist Sedge during the post-reproductive season in moderate numbers
at Aichilik in 1984 (from 5 to 25/km2) and 1985 (from 6 to 13/km2)
(Moitoret et al. 1985, Oates et al. 1986a). In addition, post-reproductive
season influxes of willow and rock ptarmigan occurred at Jago Bitty (from 3 to
47/xm2, and from 11 to 72/km2, respectively) and Marsh Creek (from 3 to
16/xm2, and from 5 to 41/km2, respectively) in 1985.

Moist Sedge-Shrub (Type V).

229 Moist 'Sedge—Shrub habitat type was utilized by geveral bird species
MiTEPPing in moderate to relatively low densities (Fig. 17, Spindler and
1986€r 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates et al.
1OWei). The average total bird density in Moist Sedge-Shrub was consistently
Mosay than Flooded or Riparian habitat, and comparable to that observed in
Consig’ Tussock, and Wet Sedge (Fig. 2). However, avian abundances varied
extenter‘ably depending on the year and location of sampling (Fig. 18). The
inf1y of polygonization, interspersion of ponds, and density of vegetation

enced shorebird distribution in tundra habitats near Barrow (Myers and
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Pitelka 1980). These 3 environmental parameters varied considerably withip
Moist Sedge-Shrub, which 1likely influenced avian compositions and densitieg
(Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates
2t al. 1986b).

Average total bird density during the reproductive season ranged from
102/km? at Katakturuk in 1983 to U24/km? at Aichilik in 1984 (Fig. 18,
Spindler et al. 1984a, Moitoret et al. 1985). Species composition was similap
to that observed in Tussock habitat. In 1985, total nest density in Moist
Sedge-Shrub habitat averaged M7/km2, slightly less than Riparian or Flooded
(Oates et al. 1986b). Lapland 1longspurs, pectoral sandpipers, and
semipalmated sandpipers were the most common species nesting in Moist
“zdge-Shrub habitat (Fig. 17). The composition of nesting species was also
similar to that observed in Tussock habitat.

M
“

Durirg the reproductive season, Lapland longspurs were the primary occupants
of Moist Sedge-Shrub habitat. Longspurs comprised 45-73% of the total birds
recorded in this habitat across the 8 locations sampled. Lapland nest density
averaged 23.9/km2, the highest among all habitats in 1985 (Oates et al.
1986b) . At Aichilik and Niguanak, Moist Sedge-Shrub was the most extensively
used habitat by longspurs and nesting pectoral sandpipers. Pectoral nest
density in 1985 was 33 and 20/km? at Niguanak and Aichilik, respectively.
These relatively high densities were the only records of pectoral sandpipers
nesting in Moist Sedge-Shrub study plots across all locations in 1985,
Pectoral population densities during the reproductive period increased from
west to east across the inland locations, ranging from 1/km2 at Marsh Creek
to 62/km? at Aichilik, while average coastal densities ranged between
15/km?  and  Y41/km2 at  Jago Delta  and Sadlerochit,  respectively.
Semipalmated sandpiper abundance in Moist Sedge-Shrub habitat wvaried
extensively across locations. Mean densities during the reproductive season
were highest at Sadlerochit (32/km2) and Jago Bitty (21/km2). This
habitat was extensively utilized by semipalmated sandpipers at Katakturuk in
1982 (53/km2, Spindler and Miller 1983), but densities dropped below 6/km2
in subsequent years of sampling (Spindler et al. 1984a, Moitoret et al. 1985,
Oates et al. 1986b). During 1985, semipalmated nest density was highest in
Moist %sdge-Shrub at Sadlerochit (23.3/km2), followed by Jago Bitty
(13.3/km<) .

Red-necked phalaropes and lesser golden-plovers were relatively uncommon in
Moist Sedge-Shrub, except at Aichilik where reproductive season densities
averaged 13/km? and l2/km2, respectively. Interestingly, in 1982 at
Okpilak, red-necked phalarope density averaged 28/km2, but dropped to
1/km? in 1983, and to zero in 1985 (Spindler and Miller 1983, Spindler et
al. 1984a, Oates et al. 1986b). The late spring thaw in 1982 kept lakes and
ponds unavailable for a longer period, which may have necessitated
early-season exploitation of small, avallable water bodies in the more upland
habitata.

Willow ptarmigan were frequently observed in Moist Sedge-Shrub habitat (Fig.
17), and the majority were seen at inland locations (Fig. 19). Nearly 30% of
the savannah sparrow nests were in Moist Sedge-Shrub (Fig. 17) and they
occurred in Moist Sedge-Shrub exclusively at the inland foothill locations.

During the post-reproductive season, bird species diversity declined across
all locations and years, but changes in total density varied locally (Fig. 18).
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Red-necked phalaropes and semipalmated sandpipers occurred in low densitieg
(less than 2/km2) at only a few 1locations. Pectoral sandpiper density
increased greatly at Aichilik during the post-reproductive season, averaging
195/km? in 1984 (Moitoret et al. 1985, Oates et al. 1986b) and 104/km< in
1985. Seasonal changes in Lapland longspur densities were highly variable angd
displayed no apparent trends. Willow ptarmigan increased substantially during
the post-reproductive season period of 1985 (Fig. 19), largely due to the
recruitment of Jjuveniles and influxes of family groups. The largest mean
density of rock ptarmigan in Moist Sedge-Shrub habitat was recorded at
Sadlerochit atop the more xeric river bluffs (32/km? reproductive and
40/km2 post-reproductive, Fig. 19).

Tussock (Type VI)

Tussock habitat was intermediate to low relative to other habitats in wmean
total bird densities, mean total species present, mean total nest densities,
and mean total nesting species during the reproductive season (Fig. 2).
During the reproductive season, mean total bird densities ranged from 90 /km?
at Jago Bitty in 1983 to 259/km2 at Aichilik in 1984 (Fig. 20, Spindler et
al. 1984a, Moitoret et al. 1985). The mean for all locations and years was
153 birds/km? and an average of 4.3 species/O.lkm2 plot (Fig. 21). This
density was considerably lower than Moist Sedge-Shrub which had a similar
species composition (Fig. 17). Willow ptarmigan, rock ptarmigan, and
short-eared owls were seen most often on Tussock plots during the reproductive
geason and average densities of 8 /km?, 11/km?2, and 1/km2 respectively
were recorded over all years at all locations (Fig. 21). Rock ptarmigan and
lesser golden-plover nests (3.5 and 5.2 nests/km? respectively) were most
common in Tussock habitat and willow ptarmigan nests were most common in
Tussock (1.7nests/km?) and Moist Sedge-Shrub (1.7nests/km?) (Fig. 21).
Golden-plover nests were usually found on sparsely vegetated frost boils or
scars, and rock ptarmigan nests were often carefully concealed in depressions
between tussocks and willows. Willow ptarmigan nests were similarly concealed
on Tussock and Moist Sedge-Shrub plots. Pintails and red-necked phalaropes
nested in low densities (0.3 nests/km? for each) adjacent to small ponds
which were present in Tussock plots at most locations.

Lapland longspurs were the most abundant species present in Tussock habitat
during the reproductive season with a U4-year average of 92 birds/km? and
19.3 nests/km? (Fig. 21). Although longspur nest sites were usually on the
south sides of tussocks, Tussock habitat often supported fewer longspur nests
than Moist Sedge-Shrub or Mosaic. Interspersions of small Tussock habitats
throughout Moist Sedge-Shrub and Mosaic habitat types were common. The large,
relatively uniform stands of tussocks (as in Tussock plots) were not used as
heavily for nesting by longspurs as were the small inclusions in other more
diverse habitats.

Pectoral sandpipers were tne third most common species nesting on Tussock
piots. Density of nests was 3.8/km2 and nests were normally found in
patches of moist sedge interspersed among the tussocks (not in pure Tussock
stands). Highest nesting densities of pectoral sandpipers in Tussock habitat
were precorded at Aichilik in 1985 (10 nests/km?, Oates et al. 1986b), where
high nesting densities were also recorded in Moist-Sedge Shrub (20/km?) «
Mean density of semipalmated sandpiper nests was 1.1 nests/kmz, which
represented less than 5% of the 4 year mean (Fig. 21). Savannah sparrows (0.5
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nestS/km2)7 long tailed jaegers (0.3 nests/kxm2) and 19% of short-eared
owls (0.3 nests/km2) also nested in Tussock habitat (Fig. 21).

yse of Tussock habitat generally declined from reproductive to post-
reproductive seasons for most species (Spindler and Miller 1983, Spindler et
al. 1984a, Moitoret et al. 1985, Oates et al. 1986b). Tussock and Moist Sedge
pabitats had the lowest mean total densities and the lowest mean numbers of
gpecies (Figs. 21 and 16). Willow ptarmigan, rock ptarmigan, and pectcral
sandpipers were the only species which had higher average post-reproductive
densities (22/km2, 22/km2, and lB/km2, respectively). Tussock ranked
among the lowest habitats in lesser golden-plover density (5/xm2) during ‘he
post_peproductive period. Pomarine and parasitic Jjaegers declined to very low
densities. Non-breeding pomarines were primarily June migrants and parasitic
jaegers probably moved into habitats with more avian prey. Dernigities cof
long-tailed jaegers and short-eared owls, which primarily consumed rodenta
(Maher 1974), declined less than densities of parasitic jaegers (Spindler and
Miller 1983, Spindler et al. 1984, Moitoret et al. 1985, Oates et al. 19866 .
Lapland longspurs continued to be the most common bird in Tussock habitat
during the post-reproductive season and declined from 32 to 72/kn? {(Fig. 21).

Sources of Variability

Habitat characteristics, particularly plant species composition and vegetative
structure, have been repeatedly correlated with patterns of avian distribution
(Shugart 1981). A habitat's physignomy may provide proximal factors in the
necessary cues to search images that guide avian habitat selection (Hilden
1965, KXlopfer 1965). In turn, such a mechanism yields ultimate factors as
food, nest sites, and protection from predators (Hilden 1965, Balda 1975).

The 8 bird camps were established in areas that had high degrees of habitat
interspersion to facilitate sampling of several habitat types. Thus, the
locations surveyed were comprised of large-scale habitat mosaics, relative to
random locations across the coastal plain. Many bird species have adopted
exploitation strategies involving more than 1 habitat type (MacArthur 1064,
Anderson 1980). Sampling in areas with high habitat diversity may have
generated avian densities and/or species compositions different from those
that would be obtained in very large expanses of homogeneous habitat, and
extrapolating these results over extensive areas of homogeneous habitat is not
appropriate.

Physiognomic components within a given Landsat habitat type, such as
sl}r‘ubiness, pondiness, or micro-relief, often varied considerably within a
given Landsat habitat type. For example, tall-willow communities were common
in Riparian study plots at Katakturuk and Marsh Creek, but were absent at Jago
D?lta; and Wet Sedge plots often differed in their amounts and types of
Micro-relief (e.g. polygons, strangmoor, hummocks) . Such "fine-grained®
habitat characteristics were not separated by the Landsat eclassification.
nevertheless, they probably influenced avian habitat use.

2?39%t? coarse resolution, the modified Landsat habitat types accounted for
ingnlf}cant amounts of avian variation more often than any other factor
orVestlgated. However, in most analyses, the habitat effect interacted with 1
avimOPe ?dditional factors, revealing that the influence of Landsat habitat on

an distribution was often dependent on the season, the location under
eonsider'ation, and/or the year of sampling.
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Analyses of seasonal changes were confined to 1985 data because of the high
degree of temporal variability during the post-reproductive period (Fig. 22)
and the small number of samples taken during the post reproductive periods in
1982, 1983, and 1984 (Table 4, Spindler and Miller 1983, Spindler et al.
1984a, Moitoret et al. 1985),

Seasonal differences often varied across habitats. For example, Lapland
longspur density increased in Riparian and Moist Sedge-Shrub habitats ang
decreased in all other habitats during the post-reproductive season
(Fig. 23). Pectoral sandpiper density increased in all habitat types except
Wet Sedge, and the increase was disproportionately large in Flooded habitat
(Fig. 23). Seasonal fluctuations may have resulted from changes in habitat
requirements (movement from nesting to brood rearing or staging areas) or from
changes in habitat quality (fluctuating water levels or insect availability).

Analyses were conducted to determine the effects of location and possible
interactions with habitat and season. These analyses were restricted to
locations that had common habitats, which resulted in 3 wmajor groups of
locations: inland 1locations, coastal locations, and coastal and inland
locations with wetlands. Difference among sampling locations often varied
with habitats and seasons. Densities of Lapland longspurs at Katakturuk were
substantially higher in Riparian habitat than in Moist Sedge-Shrub while
densities were similar in those habitats at other inland locations Fig 24).
At the coastal locations, there were significant differences between locations
and between seasons, but no significant interactions. At locations with
wetlands, longspur densities increased in Moist Sedge-Shrub at Niguanak during
the post-reproductive period, but decreased at Jago Delta and Okpilak
(Fig 24).

Variations in bird densities or species composition among different locations
could result if breeding ranges or migratory routes were not uniformly
distributed across the ANWR coastal plain, either along east/west or
coastal/inland gradients. Additionally, non-uniform avian distributions
between 1locations may indicate differing resource availabilities such as
invertebrate prey (Holmes and Pitelka 1968), or high-density areas might
simply reflect aggregated bird populations randomly inhabiting an unsaturated
environment (Wiens 1981).

Habitat interactions with location may have resulted for several reasons: 1)
avian habitat use was determined by the presence of "fine-grained"
environmental features which varied within habitats at different 1locations,
but were not delineated by the Landsat classification; 2) different segments

of a species! population (post-breeding males, incubating females,
non-breeding Jjuveniles) were engaged in different activities at different
locations, and used different habitats; 3) bird species had differential

habitat preferences depending on the habitats available (e.g. in wetlands,
shorebirds may use the most mesic habitat type available at a given location);
or L4) avian habitat use depended on the juxtaposition of other habitats, and
total habitat availability differed between locations (e.g., a species might
breed in any upland habitat type if it was adjacent to a flooded area for
brood rearing).
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Because of differences in sampling frequencies across years, analyses op
annual variation were conducted on the most consistent data set: censuses 2.g

of the reproductive season. 1In addition, tests of annual variation Were
conducted for each location to maintain balanced data sets with respect to
habitat. Analyses frequently revealed significant differences due to year as
well as interactions between year and habitat (Fig. 25), Several sources of
variation could cause patterns of avian distribution to differ between years:
1) unusual weather during the breeding season affecting reproductive Successg
or causing shifts in breeding habitat or location; 2) variable conditions at

wintering areas or along wmigration routes resulting in differentiaj .

mortalities; 3) saturation of optimal habitat, in high-density years, forcing
less competitive individuals into marginal habitats; 4) variations in food
availability, causing birds to shift habitats or locations; 5) environmenta]
perturbations causing alternations in habitat quality; 6) variations ip
localized densities of bird species with "patchy" distributions. Observer
variability may also influence variation between locations and annual
variability (Faanes and Bystrak 1981). Prior to sampling, orientations and
trial surveys were conducted with all observers to standardize methods of data
collection.

The extensive data set obtained during this study demonstrated the complex
dynamics associated with tundra bird populations (Spindler and Miller 1983,
Spindler et al. 1984a, Moitoret et al. 1985, Oates et al. 1986b). Conclusions
regarding avian habitat use across the ANWR coastal plain frequently differed
depending on the time (season) and location that surveys were conducted.
Furthermore, when season and location were held constant, avian densities
often varied annually. Because significant annual fluctuations were observed
during a period when the coastal plain was experiencing minimal human
disturbance, using passerine or shorebird densities as indicators of impacts
from development may produce tenuous conclusions. These results also
demonstrate the necessity of long-term studies, covering several geographic
areas, to more accurately interpret avian use of tundra ecosystems.

Future studies on the ANWR coastal plain could supplement current knowledge by
examining avian use in areas of low habitat diversity, the relationships
between avian distribution and "fine-grained" habitat characteristies (such as
shrubiness, pondiness, and micro-relief), the effects of annual and seasonal
changes in water levels on habitat wuse, the relationships between social
organization and habitat use, and the effects of invertebrate prey
distributions on habitat use.

Staging, Molting, and Fall Migration

Major utilization of the coastal plain during the staging, molting, and
migration period was by: 1) large numbers of shorebirds moving into the wetter
tundra types near the coast; 2) staging snow geese on the interior coastal
plain; and 3) migrating brant using wet saline tundra, Density of shorebirds
using lowland very wet sedge tundra in August (320/km2) was about twice that
observed in the June-July breeding periods at the Canning Delta due to a
coastal shift in shorebird abundance (Martin and Moitoret 1981). The Landsat
habitats receiving the greatest use at this time were Flooded, and Wet Sedge.

Canada geese molted in river deltas, such as the Canning Delta, during the
latter half of July (Martin and Moitoret 1981). Snow goose staging usually
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began during the latter half of August and extended into the latter half of
September (see Annotated Species List). Both upland foothill tundra (Moist
Sedge-Shrub and Tussock) and coastal wet tundra (Wet Sedge and Mosaic) werg
used extensively by snow geese. Small numbers of greater white-fronted geese
staged in river deltas in August (Martin and Moitoret 1981)., a significant
eastward migration across the outer coastal plain occurred from mid-August tq
early September (see Annotated Species List). Brant migrating westward along
the Beaufort Sea coast during fall frequently stopped to feed in Saline Wet
Sedge.

Pinteils molted in 'basin~complex', 'deep Arctophila', 'shallow Arctophila”
'shallow-Carex', and 'beaded stream' wetland types (Bergman et al. 1977,

Spindler 1978a, Martin and Moitoret 1981). Oldsquaw molted in 'deep-open
lakes' on the coastal plain (Martin and Moitoret 1981, Taylor 1986), which are
included in the water and Flooded Landsat habitat types.

Winter

Only 7 species of birds are known to winter (or probably winter) on the ANWR
study area: gyrfalcon, rock ptarmigan, willow ptarmigan, snowy owl, common
raven, redpoll, and American dipper. Habitat use during the winter by these
Species 1s not well known (See Annotated Species List).

Bird Use of Shoreline Habitats

Birds use shoreline habitats in seasonal and spatial patterns. Shoreline
nabitats wishin the ANWR study area include the 1ittoral and estuarine zones

v and mudflats as well as shorelines of barrier islands and the
i Prior to the intense period of coastal-oriented bird research
conducted for the Environmental Assessment of the Alaskan Continental Shelf,
1877 . little was known of post-breeding activities, which may involve
high dernsities of waterbirds, waterfowl, shorebirds, gulls, and terns using
estuarine, shoreline, lagoon, and cffshore waters.

In 1976, breeding bird use of barrier islands on ANWR was surveyed (Divoky
1978a) as was seasonal density of birds using spits and barrier islands at
Barter Island (Divoky and Good 1979). In 1979 and 1980, intensive shoreline
censuses were conducted at the Canning River delta (Martin and Moitoret
1981). In 1977 and 1978, Johnson and Richardson (1981) performed shoreline
transects to the west at Simpson Lagoon. Dependence of shorebirds on arctic
littoral habitats at Barrow and other Beaufort and Chukchi Sea locations was
studied by Connors and Risebrough (1977, 1978, and 1981) and Connors et al.
(1979) .

Nesting Species

A total of 12 species have been found breeding in shoreline habitats on ANWR
(Table 5). Glaucous gull, common eider, and arctic tern were the most common
nesters. Divoky's (1978a) data for the entire ANWR barrier island system and
Martin and Moitoret's (1981) data from the Canning Delta indicated 1.5 and 2.2
nests per lineal km of barrier island habitat, respectively, for all species.
When all shoreline habitat types at the Canning Delta were considered together
(e.g. barrier islands as well as mainland, etc.) an estimate of 1.1 nests per
lineal km was obtained (Table 8), suggesting that barrier islands may support
higher numbers of shoreline nesters than do other shoreline habitat types.
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Bird species found nesting 1in shoreline hnabitats of the Arc
National Wildlife Refuge, Alaska, 1976 and  1980. Sourc
1976--Divoky (1978a); 1980--Martin and Moiteret (19c1).

Table 5.

— 1976 1980
Barrier 1isliandas Barrier islands 411 shoreiine
species Brownlow to Demarcaticn Canning River delta Canning River delja
Nests/ Nests/ Nests/
No. of Linear km No. of Linear km No. of Linear knm
nests shoreline nests shoreline nests shorellns
S
Tundra swan 2 0.07
rant 2 0.02
Northern pintall 1 0.08 1 0.0k
oldsquaw 18 0.17 2 0.15 3 C.11
Common eilder 21 0.20 10 0.77 b 0.22
Ruddy turnstone 5 .13
Baird's sandpiper 1 0.01 3 O.11
Glaucous gull 113 1.07 6 0.4b 1 0.04
Arctic tern 7 0.07 9 0.69 9 0.33
Black guillemot 1 0.01 1 0.08 1 0.04
Spow bunting o pré -— préa -
Totals 163 1.55 29 2.23 31 1.13
Total km sampled 105.5 13.0 27.5
Frequency Sampling once/year every 4 days every U4 days

8pr- present and probably nesting but no nests found.

Nests/lineal xm of shoreline can be used as an index for general comparisons
(Table 5), but nests of some species are not evenly distributed and occur in
colonies. Common eider and arctic tern were frequently found in colonies of
2-8 nests and glaucous gull colonies contained up to 39 nests. Such colonies
were usually on an island or spit and nests were frequently only a few meters
apart (Divoky 1978a, Martin and Moitoret 1981, Levison 1980, M. Spindler pers.
com.). For some species (notably common eider, glaucous gull, arctic tern,
and black guillemot), barrier islands and other coastal islands represent the
sole or major nesting habitat of these species on the ANWR.

Summer Residents, Transients, and Migrants

FOllowing the nesting season, some shorebirds and waterfowl move coastally to
wetter tundra habitats (Myers and Pitelka 1980) and arctic littoral habitats
(Connors et al. 1979, Martin ana Moitoret 1981). An increase in total bird
use of all shoreline areas on the Canning River aelta was obvious in mid-July,
and was composed mostly of olasquaw and shorebirds (Fig. 26). (QOverall numbers
of oldsquaw and shorebirds roughly doubled or tripled between early summer and
the period mid-July to early September, corresponding to the onset of molt in
;i?squaw, and the post-breeding, staging, and fall migration of shorebirgs.
oc;le shorebird use of shorelines declined steadily in August as emigration

cCurred (with the exception of a pulse in early September from a sanderling
gigpation), oldsquaw use remained high through early September. Passerine use
fledshor’eline areas 1ncreased Afrom late July through August as the young

ged (Martin and Moitoret 1981).
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A total of 59 species was documented using the shoreline transects op the'
Canning River delta in 1980 from June to September (Table 6). "Some Specieg
such as loons, oldsquaw, pintail, glaucous gull, arctic tern, parasitié
Jjaeger, lapland longspur, and snow bunting were seen nearly constant)
throughout the summer ., Others, such as eliders, ruddy turnstone,4
golden-plover, and Baird's and Semipalmated sandpipers, disappeared only at
Summer's end. Some birds, such as the scoters, geese, black-bellied plOVem
sanderling, and other Shorebird species appeared only during Specifig
migration periods. Phalaropes, dunlin, pectoral sandpiper, long—tailed
Jjaeger, and Sabine's gull, appeared Sporadically throughout the Summer, being:
seen principally during migration but also at other times" (Martin and
Moitoret 1981).

7f the 10 shoreline transects sampled by Martin and Moitoret (1981), thej
outside and inside barrier island andg inside east spit transects showed the .
highest level of bird use (Fig. 27). The outside of the east and west spitg
showed generally intermediate levels of use. Low levels of bird use were ;
observed on river, bay, bluff, inner lagoon shore and inside west spit
transects (Martin and Moitoret 1981),

Shorebirds dominated bird use on 3 mainland shore transects (bay, bluff, and
river), except during specific peaks of migration (Fig. 27). With fey
exceptions, waterfowl dominated the spit and barrier island transects. In
general, the 3 outside shoreline transects (Fig 27) showed more use by
waterfowl (especially oldsquaw) than did the transects on inside shorelines
(Fig 27). Brownlow Lagoon and the eastern end of Flaxman Lagoon are quite
shallow and were probably less preferred feeding areas for oldsquaw, although
the protection they provided was preferred for resting and molting periods.
Bird use within each of the 10 distinct shoreline habitat types is summarized
from Martin and Moitoret (1981).

The river transect (Fig. 27) received heavy use by waterfowl in early
June, when it provided the only open water. Flocks of brant,
pintail, wigeon, and king eider were seen feeding and staging in this
area. The lack of snow accumulation on the higher windswept "dunes"
section of the river transect made this area important to shorebirds
in early June, as it was the first habitat to become 3now-free,
Subsequent use of the river transect was low. Shorebird uyse of the
mudflats at the river mouth ocecurred in mid-July.

The inner lagoon shoreline transect (Fig. 27) showed relatively
little bird use in June and especially July. 1In late August and
September, migrating brant used Wet Saline Tundra areas to stage and
feed, and oldsquaw sometimes Sought shelter from Wwest winds in the
lee of the shore bluffs. Phalarope migration caused a peak of bird
use in August.

The bay transect (Fig. 27) received little use by waterfowl, although
the adjacent ponds sometimes received heavy use. The Wet Saline
Tundra area at the head of the bay received heavy use by staging and
feeding Shorebirds (such as phalaropes, pectoral Sandpipers, and
Semipalmated sandpipers) and Lapland longspurs, especially in
mid-July. Use was low during spring migration, as this area was
largely ice-covered.
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The bluff transect (Fig. 27) was little used except by Laplang
longspurs, snow buntings, Baird's sandpipers, and ptarmigan. Within
the bluff transects, deep west-facing gullies provided shelter from
the prevailing east winds and were found to be havens for the
occasional accidental passerine during migration. Sightings included
the Empidonax flycatcher, white-throated 3parrow, rusty blackbird,
yellow warbler, and tree sparrow.

The inside west spit transect (Fig. 27) received sporadic use by
birds. Phalarope migration in August, and Sanderling migration in
September resulted in peaks of bird use.

The inside east Spit transect (Fig. 27) showed the same peaks of
phalarope and Sanderling migration. Oldsquaw numbers appeared to
fluctuate widely in August, according to the daily movements of the
birds.

The 2 barrier island transects (Fig. 27) showed less dramatic peaks
of shorebird use during migration than did the spit transects.

Divoky and Good (1979) found 9.5 birds/lineal km of shoreline at Bernard Spit
and 2.6 birds/lineal km at Barter Island in beach habitat along the ANWR coast
o 24 June 1976 (Table 7). Along spits and bars, a total of 4.,p birds/lineal
km were counted on the Bernard Harbor transect and no birds were recorded on
the Barter TIsland transect (Divoky and Good 1979). These indices exceeded
values for all other June transects west of ANWR, except for Cape Lisburne
along which 40.1 bird/lineal km in beach and 17.2 birds/lineal km in spit/bar
nabitats ware observed. Total birds/lineal km of shoreline appeared to be
lower at Barter TIsland and Bernard Harbor in late June 1976 (Table 7) as
compared to late June 1980 at the Canning River Delta when 18 bird/km wers
observed (Fig. 26).

Late July-early August shoreline bird abundance at the Canning River Delta on
the ANWR study area in 1980 (Martin and Moitoret 1981) was similar to bird
abundance at Barrow, but was lower than that observed at Oliktok in 1977
(Table 8). Shoreline bird abundance at the Canning River Delta was lower thas
both Barrow and Oliktok in mid-August.

These comparisons, although limited, suggest that Seasonal, annual, and
spatial variation in bird abundance along shorelines occurs. Some of the
factors 1involved with this variability are physical, environmental, and
biological (Connors and Risebrough 1981). Connors and Risebrough (1977),
working primarily at Barrow, but with sampling sites at Lonely, Wainwright,
Peard Bay, and Icy Cape from 1975 to 1977, identified &4 major periods of
shorebird littoral zZone use:

(1) Farly June: pre-breeding adults forage along beaches, saline
pools, or littoral slough edges.

(2) Late June through early July: flocks and individuals of
non-breeding and post-breeding adults of Several species move from
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table 7. Indices of abundance of birds (birds/km) seen along shoreline
transects near Barter Island, Alaska, 24 June 1976 (Source: Divoky
and Good 1979). :
EBEEIEE—* Bernard Harbor Barter Island
Beaches Spits & Bars Beaches
S
prctic loon 0.1% - -
Red-throated loon 1.2% - -
pintail - 1.5 -
0ldsquaw 0.7 0.7 -
Common eider 3.8 0.5 -
Spectacled eider - 0.2 -
Surf scoter 3.7% - -
Semipalmated sandpiper - - 0.3%
Baird's sandpiper - 0.8 1.0
Red phalarope - 0.1% -
Redpoll - 0.1% -
Lapland longspur - - 0.3%
Snow bunting - 0.1% 1.0
Total birds/lineal km 0.5 4.0 2.6
Total km sampled 8.3 0.3 3.1
%¥Denotes single sighting

Table 8. Comparison of shorebird abundance for 3 arctic coastal areas. Index
of abundance is birds/lineal km of shoreline. (Sources: Connors and
Risebrough 1978, Martin and Moitoret 1981).

Date

Location Year 28 July-9 Aug 13-25 Aug 29 Aug-7 Sept

Barrow 1977 12.5 107 .5 7.0

Oliktok 1977 31.5 45.5 17.7

Canning- ANWR 1980

Outside Barrier 8.2 7.6 5.1

Inside Barrier 12.7 4.5 18 .3

Mainland 12.8 3.7 3.5

Mean 11.3 5.3 9.0

(3) Late July and early August: adults of both sexes of many

(%)

species are released from nesting duties as young birds fledge and
become self-sufficient. These flocking adults begin their
southward migration by moving into littoral areas.

August and early September: the heaviest use of littoral areas
occurred. Juveniles leave tundra areas where they had fed before
fledging and flock in littoral habitats to begin their southward
movements independently of, and later than the adults.
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Connors and Risebrough (1977) identified 2 major gradients in 1littora}
habitats based upon foraging and microhabitat data. One corresponded to the
pogition of the foraging site with respect to the water 1line; the second
descrihed changes 1in habitat related to particle size of the substrate,
Spacies using the littoral zone around Barrow responded differently to these
gradiasnts, Several different types of shoreline habitats were used by
stiorebirds including mudflats, saltmarsh, 1inner lagoon margins, brackish
pocls, and outer coast gravel shores. Narrow mainland beaches backed by
eroding tundra cliffs received the lowest levels of bird use (Connors and
Rizebrough 1977). Shorebirds foraging in brackish mudflats, lagoon edge, and
Wet Saline Tundra pool areas within the 1littoral =zone west of ANWR ate
oligochaetes and chironomid fly adults and larvae (Connors and Risebrough
19770, Tn contrast, birds foraging along the outer gravel coasts and
tageon/barrier island beaches ate large marine zooplankton, some of which were
wasnhed up along the shore.

Comnors and Risebrough (1977) suggested that shorebird staging and feeding in
tne littoral zone preceding fall migration functions as an energy storage
process immediately before migration and that littoral habitats are ceritiecal
for arctic shorebirds. Additionally, band recovery data near Barrow indicate
high turnover rates with individual birds using a particular shoreline area
for o conly a few days hefore moving on. Each stretch of shoreline is apparently
important to more than just local birds.

The magnitude and timing of po&t-breeding shoreline movements observed by
“onnors and Risebrough (1981) were correlated with post-breeding season air
moeratures. Warmer late-summer temperatures, resulted in higher bird
densities in the littoral zone, and earlier migration peaks. Bird species
wnich showed =2imilar annual fluctuations in use of the littoral zone were not
species which shared the same breeding habitats, however, they did occur
~ogether in the same post-breeding habitats (Connors and Risebrough 1981).
These species/habitat associations were as follows:

Gravel Beaches Littoral Flats, Lagoon Edges
ruddy turnstone lesser golden-plover
sanderling semipalmated sandpiper
red phalarope western sandpiper

Baird's sandpiper
pectoral sandpiper
dunlin

long-billed dowitcher
red-necked phalarope

Despite the limited geographical area sampled on ANWR, it was apparent that
shoreline Thabitats were 1important for waterfowl, shorebirds, and other
seabirds and waterbirds (Martin and Moitoret 1981). Species which nested on
barrier islands (primarily waterfowl and seabirds) generally nested in higher
den=sities than on other sherelines. Shorebird use peaked in late July and
early August during staging and migration. Waterfowl, particularly oldsquaw,
increased through July and remained at high levels through early September a8
birds molted, staged and migrated. The concentration of 1large numbers of
birds from widespread geographic areas into shoreline habitats suggests that
impacts to these habitats could potentially have population-wide effects OB
some bird species,
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Bird Use of Lagoon and Offshore Habitats

The greatest concentrations of summer resident waterbirds on ANWR occonr in the
shallow coastal waters of the Beaufort Sea. This area includes shalloy
coastal lagoons protected by gravel barrier islands, shoalis, and nearshors
waters (see Chapter 2). Aerial 1lagoon surveys conducted on ANWRE ineclude
Schmidt (1970), Frickie and Schmidt (1974), Spindler (197%a), Bartels and
Zellhoefer (1983), Bartels and Doyle (1984b), Brackney et al. (1885b), and
Brackney et al. (1986a). Bartels (1973), Gollop and Kichardson (1y7i}, Ward
and Sharp (1974), Harrison (1977), Divoky and Good (197%;, and Johnson ang
Richardson (1981) conducted studies in nearby coastal waters. These studies
identified Beaufort Sea lagoons as the primary habitats for molting waterfowl
and staging shorebird populations in the arctic region of Alaska. Aerial
surveys over the coastal lagoons and offshore waters of ANWR were standardized
in 1981 (Bartels and Zellhoefer 1983), and conducted annually from 1931-85 as
part of the baseline study. A transect was flown along a 400 m wide band
directly seaward of the barrier islands (offshore transect) and complete
surveys were flown on 10 selected lagoons.

During the baseline study, a total of 33 bird species were observed in the
lagoons and offshore transect with 21 to 32 avian species recorded each year.,
‘Rartels and Zellhoefer 1983 Bartels and Doyle 1984b, Brackney et al. 1985h,
Rrackney et al. 1986a). Annual peak estimates ranged from 20,812 in 1GB2 &n
13,091 in 1983. Oldsquaw accounted for 91.1% of the birds observed during the
surveys,

A major characteristic of bird populations using the 1lagoons of ENWFE was
seasonality of use. In all years of ANWR aerial survevs (1981-1485%, the use
of lagoons by birds began with snow melt in June (Bartels and Zellhoefer 1983,
Bartels and Doyle 1984b, Brackney et al. 1985b, Brackney et =ai. 1G86s).
During this period, river overflow covered the deltaic portions of the lagoons
and provided the first open water of the season (Bartels and Zeilhoefer
1983). This phenomenon is common in other arctic coastal areas {Bergman et
al. 1977, Schamel 1978, Johnson and Richardson 1981). Bird use remained at
low levels until ice-out occurred, usually in late-June to mid-July /Bartela
and Zellhoefer 1983, Bartels and Doyle 198U4b, Brackney et =2l. 1885L, RBrackney
et al. 1986a). Populations gradually increased through July until a peak was
reached in August, then populations gradually declined. Hcwever, a second
smaller peak was often observed in mid-September as birds began staging for
fall migration. Some birds were usually present until freeze-up in late
September or early October (Bartels and Zellhoefer 1983).

Lagoon Habitats

Seasonal Use

Several avian groups commonly utilize the ANWR coastal lagoons (Table 1).
Red-throated and yellow-billed 1loons are common breeders and wnmigrants.
O0ldsquaw is the most abundant migrant, summer resident, and the major avian
consumer in the lagoon ecosystem. The second most abundant avian consumer and
a common scavenger 1is the glaucous gull. Red and red-necked phalaropes ar

abundant coastal nesters and abundant late summer and fall migrants. Common
and king eiders are uncommon nesters and migrants, and surf and white-winged
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scoters are uncommon migrants. Black brant are uncommon nesters and common
fall migrants.

Three to 5 aerial surveys were conducted annually on 10 selected coasta]
lagoons from late July through early September during the baseline study,
Weekly mean numbers of oldsquaw and all bird species were calculated for the
10 lagoons and the offshore transect for the 5 years of study. Total birg
numbers increased early in the season with a peak 1n early to mid-August (Fig,
28a, Bartels and Zellhoefer 1983, Bartels and Doyle 1984b, Brackney et al,
1985b, Brackney et al. 1986a). The majority of birds observed in the lagoong
and offshore were oldsquaw (Fig. 28a). Mean oldsquaw numbers peaked during
early-August and then declined sharply from mid-August to September (Fig.
28b). The large September increase in numbers of other species (Fig. 28a) ig
due to an estimated 16,000 phalaropes tallied during a September 1983 survey
in the offshore transect (Fig. 28c¢). Eiders and scoters showed large
fluctuations in mean numbers from late July to September, with a general trend
downward (Fig. 29e). Glaucous gull numbers were stable through late August
with a sharp increase in September probably due to an influx of Juveniles and
breeding adults from the coastal plain following the breeding season (Fig,
29f). Mean 1loon numbers appeared to decrease from mid-August to September
(Fig. 29a) and mean numbers of geese increased Sharply in the last 2 weeks of
August due to migrant and staging black brant and white-fronted geese using
the brackish wetlands adjacent to the lagoons (Fig. 29e).

Bird use 1in the coastal lagoons exhibited regular seasonal fluctuations,
although the timing of these fluctuations varied from year to year. Gollop
and Richardson (1974) and Johnson and Richardson (1981) documented similar use
patterns for at other Beaufort Sea coastal areas. Their data and the data
from the baseline study highlight the importance of these coastal areas to

migratory birds.

To compare the relative value of the 10 selected lagoons, an index was
calculated from the products of the density ratio (lagoon density/grand
density), the proportion of birds per lagoon, and the mean number of species
present (Table 9). This index was devised to compare the importance of the
lagoons for waterbirds with respect to density, total population use, and
species richness. The density ratio and proportion were used to make the
index independent of temporal variations in total population size between
aerial censuses. A lagoon with a high bird density that was limited in size
Or supported few species had less value than lagoons with high densities, high
population levels, and high species richness.

High species richness and a large proportion of the birds observed during
surveys (primarily oldsquaw) placed a relative higher value for all birds on
Demarcation Bay, Jago, and Nuvagapak Lagoons (Table 9). Medium value lagoons
were Oruktalik, Tamayariak, and Simpson Cove. Tapkaurak, Arey, Brownlow, and
Egaksrak rated 1low despite the high species richness in Egaksrak and Arey
Lagoons. A similar measure of relative value for oldsquaw only, showed a high
value for Oruktalik, Jago, Simpson Cove, and Demarcation Bay, medium value for
Nuvagapak, Tamayariak, and Tapkaurak Lagoons, and low value for Arey, Brownlow
and Egaksrak Lagoons. The high density ratios at Oruktalik raised the value
on that lagoon for oldsquaw in relation to the total species value.

BPackney et al. (1986a) compared the relative value measures (Table 9) with
the physical characteristic of the lagoons (Table 10) by multiple regression
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anal1ysis. Water depth and area were the only variables which influenced the
roportion of oldsquaw and total birds in the system that occurred in a
articular lagoon. Other abundance indicies, density ratios, and the relativs
value index were not influenced by physical charactaristics. Thus water
depth, from the standpoint of physical characteristics, may be the wmain
determinant of oldsquaw use of particular lagoons. Other unmeasured factors
which influence food resources or wave conditions may also be important.
These may include lagoon orientation, fresh water inflow, number and size of
passes (breaks between barrier islands), salinity levels, and lagoon substrate
(Brackney and Platte 1986).

of fshore Habitats

The specles with the highest estimated density in the of fshore transect
(generally 0-400 m offshore of the barrier islands) was oldsquaw (Fig. 28c and
d). Second in density was the glaucous gull. This trend was valid for all
surveys except the 7 September 1983 survey when phalaropes dominated the
estimates (Fig. 28b). Total numbers of oldsquaw estimated on the 88.8 km?
offshore transect ranged from 825 on the 20-26 August 1981 survey to 10,993 on
18 August 1984. 1In all surveys, the majority of oldsquaw were recorded in the
lagoons, although offshore numbers of oldsquaw peaked in mid-August, when
oldsquaw numbers in the lagoons and in the entire system were decreasing (Fig

28b and d). This increase coincided with the completion of the molt in
oldsquaw. Brackney and Platte (1986) observed oldsquaw leaving the offshore
area and flying into the lagoons to roost in the evening during the period
following molt. Undoubtedly many birds moved back and forth between the
of fshore area and the lagoon which contributed to an inconsistency in offshore
estimates. In summary, the offshore data suggest that this area supports
considerable bird use. As in the lagoons, this use varies widely within a
particular season and from year to year.

The of fshore surveys discussed here were limited to the area within 400 m of
the barrier islands. Only very limited surveys have been conducted beyond 400
m. Frickie and Schmidt (1974) flew 28 transects, 400 m wide and 8 km long at
0.4 Mm intervals perpendicular to the ANWR coastline on 22 June and 16 July
1974, Total bird density was 1.8 birds/km2 on 16 July. Oldsquaw comprised
64.44 of the birds observed (1.2 oldsquaw/km2). The first survey on 22
June, over pack ice, documented only 38.4% (988 birds) of the birds found on
16 July. Bartels and Doyle (198U4b) flew two surveys with 4 transets, 16.1 km
long, and one survey with transets 5 km long in Au%ust and September 1983.
Oldsquaw occurred at low densities (4.4 oldsquaw/km2) out to 14.5 km, with
90% occurring within 5 km of shore.

Data Gaps

Future shorebird population monitoring efforts should be designed to identify
the weather-caused variability. Additional studies are needed in shoreline
and lagoon areas potentially impacted by development. The coastline should be
Bapped according to shoreline type and levels of bird use. Additionally, gaps
between barrier islands (passes) have been shown to concentrate birds both in
the open water (Martin and Moitoret 1981, Spindler 1981d) and along shorelines
(Martin and Moitoret 1981). Oldsquaw are known to feed heavily in the passes
between barrier islands (Brackney and Platte 1986). Other factors causing
this concentration may exist and should be identified, along with the means to
adeQUately protect passes from disturbance and pollution.

131



cel

Table 9. Measures of the relative value of 10 selected lagoons for oldsquaw and all species, from

Brackney et al. (1986a).

All species Oldsquaw
MeanP Mean® Relatived MeanP Relative®
Proportion@ density No. index value Proportion@ density index value
Lagoon of total ratio Species (rank) of total ratio (rank)
Oruktalik 0.08 2.24 5.4 0.94(5) 0.08 2.59 2.07(1)
Jago 0.18 1.10 7.3 1.45(2) 0.18 1.13 2.03(2)
Simpson
Cove 0.17 0.97 7.3 1.18(4) 0.17 1.07 1.93(3)
Demarcation
Bay 0.17 1.13 8.9 1.71(1) 0.17 1.11 1.90(4)
Nuvagapak 0.13 1.13 9.0 1.35(3) 0.13 1.11 1.44(5)
Tamayariak 0.08 1.34 6.4 0.70(6) 0.08 1.40 1.12(6)
Tapkaurak 0.08 1.15 5.1 0.U6(7) 0 .09 1.16 1.04(7)
Arey 0.06 0.46 8.5 0.24(8) 0.06 0.47 0.28(8)
Brownlow 0.02 0.41 4.9 0.04(10) 0.02 0.43 0.09(9)
Egaksrak 0.03 0.70 7.5 0.17(9) 0.01 0.23 0.02(10)
2 No. birds in lagoon/no. birds counted (all surveys combined).
b Density in lagoon/grand density in the system, mean of all surveys (N=15).
C Mean No. species in the lagoon (N=15 surveys).
d Density ratio X proportion birds per survey X mean No. species present.
e

Density ratio X proportion birds per survey X 10.

Table 10. Physical characteristics of 10 lagoons on the ANWR Coastline (from Brackney et al. 1986a).
Area Mean Barrier island Shoreline Mudflat Lagoond

Lagoon (km?2) depth(m) 1length (km) Length (km) length (km) type

Oruktalik 8.8 1.b4 4.n 8.4 0 Pulsing

Jago 47.3 1.9 13.7 15.1 9.9 Limited exchange

Simpson Cove Uy Ly 2.8 2.7 23.1 1.8 Open

Demarcation Bay 38.7 3.2 7.4 59.2 0 Pulsing

Nuvagapak 31.2 2.0 10.9 27.8 0 Pulsing

Tamayariak 15.9 1.8 4.6 12.6 4,5 Open

Tapkaurak 20.5 1.4 9.6 9.0 0 Pulsing

Arey 40.6 0.6 13.8 30.9 0 Pulsing

Brownlow 13.1 0.3 10.6 14.8 2.6 Limited exchange

Egaksrak 14.0 0.3 12.5 3.5 11.5 Pulsing

A Definitiona from HWachwmeister and Vinellil (1983) .




InformatiOn is needed on the frequency and fidelity with which brant use
mdiVidual coastal mudflats and the energetic importance of these foraging
areas. Data on the origin and destination of oldsquaw using ANWR lagoons,
their residence time, turnover rates, and comparable population est imates
petween ANWR lagoons and other Beaufort Sea coastal lagoons 1s needed to
determine the relative importance of coastal lagoons on ANWR to continued

paintenance of the population.
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Annotated Species List

Currently known status, population levels, habitat use, and distribution of
birds on the ANWR study area are presented in this annotated species list,

Status/abundance categories used are: abundant, common, fairly common,

uncommon, rare, casual, accildental, resident, migrant, breeder, and visitant i

(adapted from Kessel and Gibson 1978). Status and distribution designations,

particularly c¢f the less common species, are considered tentative because of

the relatively limited time period (1978-1985) in which intensive bird studieg
on the ANWR coastal plain have been conducted and the limited coverage of
these studies. Geographic distribution of avifauna was divided into 2 general

regions. Coastal, or outer coastal plain, denotes that area withip
approximately 10 kwm of, and including, the Beaufort Sea shoreline from the
Canning River Delta to the U.S. - Canadian border. Tntensive study sites in

this geographic area included Canning Delta, Sadlerochit, Okpilak Delta, and
Jago Delta. Inland, or inland coastal plain, indicates that portion from the
coastal belt southward to, and including, the northernmost foothills of the
refuge. This region includes all other intensive study sites, bhut may be
modified in text as’ "mid-plain thaw lakes region" (Niguanak), or "foothills"
(Jago Bittv, Katakturuk Gorge, Marsh Creek, Katakturuk, Sadlerochit Springs,
and Aichilik). This list is presented in phvlogenetic order and includes the
documentation wused for determining the species status and distribution
presented by Table 1.

Brief summaries are presented for the less common species. Accounts for
species that are more common, or for which more data exists, include available
infermation on status and distribution, sprine migration and chronology,
breeding, staging, habitat use, fall migration and chronology, and wintering,
as well as habitat use and relative population density information specific to
the ANWR studv area or the immediate surroundings. Names of tundra habitat
tvpes follow the 1982 Landsat classification by Walker et al. (1082).

Unless cited otherwise, source materials for the species discussions are from
studies conducted at discrete locations within ANWR for 1 or more vears (Table
11) . The majority of this information has not been published in the
scientific literature.

RED-THROATED LOON - Fairly common coastal breeder, common coastal wmigrant.
Red-throated loon distribution was restricted to coastal peripheries. Arrival
dates ranged over the first week of June, with a peak eastward migration noted
at Canning Delta between 4 and 7 June 1980. As with Pacific loons,
red-throated loons sometimes arrived before appreciable open water was
available, and relied on overflow water on river deltas. Red-throated loons
used smaller ponds for nesting than did Pacific loons, especially
shallow-Arctophila, deep-Arctophila, and beaded streams (Derksen et al.
1981). Nest construction began in mid-June and incubation started as early as
21  June. Nest density in Flooded hahitat at Okpilak averaged 2 .2/km
between 1982 and 1985. Following the hatch in late-July, adult red-throated
loons were observed making regular feeding flights to nearshore BReaufort Sea
waters. The fall migration of red-throated loons occurred between 18 August
and 6 September, peaking on about 1 September, at Canning Delta in 1980,

PACTIFIC LOON - Common breeder, common coastal migrant. Pacific loons were
common inhabitants of both inland and coastal thaw lake plains. Tundra lakes
and ponds were often ice-covered in early June, and loons arriving from the
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Table 11.

—
Study site

okpilak Delta

Canning Delta

Qkpilak Delta,
Katakturuk

Jago Bitty

Aichilik

Sadlerochit,

Creek, Katakturuk

Site specific studies of birds on the co: i plain of ‘h rot
Naticnal Wildlife Refuge, Alaska, 1978-1¢
Year of study Reference
1978 Spindiler (1978a)
1079-1080 Martin and Moit
(including Brownlow Point and Lagoon) Martin {1983)
Moitoret (1283)
1682 Spindler and Miller (1983
Okpilak Delta, Katakturuk,
1683 Spindler et al, (108L4n)
Jago Delta, Sadlerochit,
1984 Miller et al. (1985)
Okpilak Delta, Jago Delta,
pichilik,
Niguanak, Jago-Bittv, Marsh
1985 McWhorter et al. (1986)
Oates et al. (1986b)
ANWR lagoon aerial surveyvs 1981-1982 Bartels and Zellhoefer
(1983)
1587 Bartels and Doyle (1984b)
1984 Brackney et al. {1985b)
1985 Brackney et al. (1986a)

Swan surveys on ANWR Coastal Plain

Snow goose surveys and studies

oldsQuaw

ANWR ecology studies on

Coastal lagoons

\

1981-1985

1978-1985

1983-1985

RBartels et al. (1983)
Bartels and Doyle (1984a)
Brackney et al. (1985d)
Platte and Brackney (1986)

Spindler (1G78hb), Spindler
(1981a), Spindler (1983),
Spindler (198l4a), Oates et
al. 1985, Oates et

al. (1986a), Brackney et al.

(1985a), Brackney et al.
(1986b) .

Bartels et al. (1G84)
Brackney et al. (1985¢),
Brackney and Platte (1986)
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west were reliant on overflow water at river mouths. As breeding areas beCa,ne

available, typically in mid-June, the loons moved onto large, deep tundpaz
ponds and lakes and began courtship and nest building. Nests were commmuy‘

placed on small islands in densities ranging from 0.6 to 2.0/km?. Aftep a
28-29 day incubation period (Harrison 1978), chicks were attended by bot
adults at the breeding site. Use of lagoon and estuarine habitats by Paciri,
loons increased in late July and August as family groups moved from tundry
wetlands to coastal waters, and as adults began frequent flights to the
lagoons. Several adults (10-18) gathered on the large 0.5 km? lake at the
inland Niguanak site during late August 1985. Peak fall migration of Pacifig
loons was observed from 28 to 30 August 1979 at Canning Delta, althougp
westward movement occurred over a wider time range in 1980 (18 August to ¢
September). Pacific loons were observed as late as 14 September 1978 and 18
September 1981 in coastal lagoon transects (Spindler 1981b), and some probably
occur in low numbers until the lagoons freeze over in late September (Spindler
1981b) .

COMMON LOON - Probable rare migrant or visitant. The species breeds on the
Mackenzie River Delta, Northwest Territories (Johnson et. al. 1975) and on the
south side of the Brooks Range (Gabrielson and Lincoln 1959). It has been
documented as an uncommon visitant to the Yukon North Slope (Salter et al.
1980) and a possible migrant on the Okpilak Delta in ANWR (Spindler 1978a).

YELLOW-BILLED LLOON - Uncommon coastal migrant, rare inland migrant.
Yellow-billed loons were wmost frequently observed on the Sadlerochit during
1985. Flocks of 1-8 individuals, flying €astward, were seen daily between

5-18 June and 7-16 August, while groups of 3-5 birds were less common during
11-23 July. The earliest record of yellow-billed loons on ANWR coastal plain
was 1 June 1985, when 9 flew southeast over the Okpilak bird camp.
Individuals were also observed in flight on 8 June, 23 July, and 4 August
1985. Similar, but fewer, records exist for the Jago Delta area.
Yellow-billed loons were observed in low numbers (less than 5 per transect) in
lagoon and nearshore aerial transects in July, August, and September 1978-1981
(Spindler 1981b). Three individuals were seen at Beaufort Lagoon on 7 June
1980, with additional sightings 'several times a week in coastal lagoons and
shoreline waters between Demarcation Ray and Pokok Bay (Levison 1980). One to
4 individuals were sighted along the coast near Brownlow Point in July and
August 1979 and 1980. The only inland observations of yellow-billed loons
were single individuals on the large 0.5 km? lake at the Niguanak bird camp
on 9 July and 29 August 1985.

HORNED GREBE - Casual summer visitant. One adult was collected near Flaxman
Island in July 1930 (Bailey 1948) .

RED-NECKED GREBE - Casual summer visitant. Schmidt (1970) recorded 1
individual on the Kogotpak River (near Beaufort Lagoon) on 15 June 1970.

SHORT-TAILED SHEARWATER - Casual summer visitant to Beaufort Sea coastal
waters offshore of ANWR. This species was observed near the ANWR coast at
Flaxman Island, circa 1936 (Johnson et al. 1975).

TUNDRA SWAN - Common breeder in coastal river delta areas, especially pondSs
and lakes in and near drained-basin complexes. The first observed arrival
dates for tundra swans on ANWR range from 24 May to 1 June (Levison 1980,
Spindler 1978a, Martin and Moitoret 1981, McWhorter et al. 1986,). SwanS
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pegin departing the ANWR coastal plain in mid-August and the non-breeders and
failed breeders are the first to migrate (Jacobson 1979, Martin and Moitoret
1981, Spindler 1981c¢). Paired adults with young are not able to depart until
the young can fly, which is probably as late as mid-or-late September, since
swans with youneg have been seen on the coastal plain as late as 13 September

(Jacobson 1979) .

gwans on the ANWR coastal plain are part of the eastern continental population
which winters on the east coast of the United States. During migration they
depart to and arrive from their major migration corridor in the MacKenzie
piver Valley to the east of ANWR (Sladen 1973, Bellrose 1980, Pacific Flyway
study Committee 1983). A 3 year mean of 1363.77 + 80.6 3D (range 271-403)
swans have been counted on ANWR in spring surveys (Bartels and Doyle 198ia,
Brackney et al. 1985d, Brackney and Platte 1986) compared to an estimated
3000-4000 swans on the entire north slope (Pacific Flyway Study Committee
1983) and a 10 year mean (1975-84) of 81,600 swans in Alaska from both western
and eastern populations (Conant and Hodges 1984). Fall surveys on ANWR have
averaged 360.5 + 095.4 (range 280-485) SD adult swans (Spindler 1981lc, Bartels
et al. 1983, Bartels and Doyle 1984a, Brackney et al 1985d, Platte and
Brackney 1986).

Swan concentration areas and general range were defined during swan
observations on aerial surveys for 1977-1985 (Platte and Brackney 1986). The
majority of tundra swans nest and reside in concentration areas on the ANWR
coastal plain where the habitat is most suitable: the Canning-Tamayariak River
delta, the Demarcation Bay lakes, the Hulahula-Okpilak River delta/Barter
Island lakes, the Pingokraluk Point and the Aichilik-Egaksrak-Kongakut River
deltas (Fig. 30).

Because their May arrival date is 1 to 2 weeks prior to break-up, swans seek
out high ground that is blown free of snow. When such sites are adjacent to
pond and lake wetlands they are often chosen as nest sites (Spindler 1978a,
Martin and Moitoret 1981, Spindler 1978c, 1979b, 1980, 1981b). Clutch
completion on the Canning Delta was during the first week of June 1979, and
about a week later in 1980 (Martin and Moitoret 1981). Mean nest densities
during 1983-1985 for the concentration areas ranged from 0.05 + 0.05 SD
nests/km¢ at Demarcation Bay to 0.22 + 0.04 sD nests/km? on the
Aichilik-Egaksrak-Kongakut deltas (Table 12). 1In 1984, the Aichilik-Egaksrak
Kongakut deltas supported a high of 0.25 nests/kmg. Nest densities on ANWR
toncentration areas were similar to other areas on the north slope (Table 12),
but were considerably lower than on the Yukon-Kuskokwim Delta, which supports
the vast majority of tundra swans in Alaska. During the 3 years of spring
Surveys a mean of 81.7 + 17.2 SD nests were found on ANWR (range=66-100) .

Reproductive success and output varies considerably from year to year and area
Lo  area (Table 12). Mean total cygnet production was higher on the
Canning—Tamayariak delta (40.5 cygnets/year) than the Aichilik-Egaksrak
Kongakut deltas (37.7 cyenets/vear) or the Hulahula-Okpilak delta (26.5
CygnetS/year). An average of 129.5 + 59.53 SD cygnets were produced each year
on ANWR from 1981-1985. Production ranged from 42 cygnets in 1982 to 169
C¥gnets in 1983.

Densities of adult swans on the ANWR study areas were similar to or higher

;han those in other concentration areas on the north slope (Table 13). The
lchilik—Egaksrak—Kongakut deltas supported the highest density of adults with
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Table 12.

Mean tundra swan population statistics by area on the Arctic Netional Wild!ife Refuge,

1682-1985,

Spring survey Fall survey

1983-198% 1982-198~
Nest Adult Brood Adult
Area No. density No. density No. density No. No. density
l.ocation (km?) Nests (No./km?) Adults (No./km?) broods (No. /km?) Cygnets Adults (No. km?l
Canning-Tamayariak
Delta 227 9.3 0.73 115.7 0.51 1A .7 0.07 Lo, e 10,8 0.u7
Hulahula-Okpilak
Delta an 11.7 0.14 20,0 0., UuA 8.8 0.10 Ph LR RlLR 0.AL
Jago Delta 149 1.7 n.07 7.0 0.37 0.8 n.ol 1.8 5.R Nn.PR
Aichilak-Egaksrak-
Kongakut Delta 112 20,7 0.722 118.8 1.0A 1.5 0.1 7R 1248 1.20
Pingokraluk Point 13 2.0 0.15 5.3 N.u41 1.8 0.13 b8 7.5 0.58
Demarcation Bay 70 3.3 0.05 17.3 0.25 2.0 0.02 5.5 12.2 0.18
A1l concentration 52h 73.7 0.14 203.0 0.58 Lh.n 0.08 11A.8 R21.2 0.A1
areas
Other areas 7174 9.0 0.01 An.T 0.01 6.0 ta 12.8 20,5 0.01
A1l areas 7700 81.7 0.01 3A3.7 0.05 50.0 0.01 170,58 360.5 0.05

8t Less than 0.01.
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Table 13. Mean densities of adult tundra swans and nests in several

Alaskan locations.

Swan density Nest density

Location Years (adults/kmg) (nest/km2) keference
ANWR concentration areas a 1981-1985 0.45-0.64 0.10-0.17 Platte and Brackney (1986)
Aichilak-Egaksrak 2

Kongakut Deltas 1981-1985 0.63-1.29 0.18-0.25 Platte and Brackney (1986)
Colville Delta b 1982-1983 0.51 0.11-0.22 Hawkins (1983)
Sagavanirktok River Delta D 1977 0.17 - Welling and Sladen (1978)
Fish Creek b 1977 Q.42 - Welling and Sladen (1978)
Umiat b 1977 0.16 - Welling and Sladen (1978)
East Longlake b 1977-1978 0.20 - Derksen et al. (1981)
Storkerson Point b 1977-1978 0.10-0.30 —— Derksen et al. (1981)
Kewatin NWT 1975-1976 0.85 -— McLaren and McLaren (1984)
Kobuk River Delta © 1983-1984 0.41-0.47 0.13-0.18 Spindler and Hall (1984)
Selawik NWR, all areas d 1983-1984 0.28-0.39 0.09-0.10 Spindler and Hall (1984)
Yukon-Kuskokwim 1.50 Dau (1980)

a
b
c
d

Arctic National Wildlife Refuge.

Other north slope locations.
1983 swan density.

Selawik National Wildlife Refuge, nort

hwest Alaska coast.




a mean of 1.06 + 0.38 SD swans/km? in June and 1.20 + 0.31 SD adult
swans/kmZ in the fall (Table 12). Densities of 0.10 to 0.51 adult
swans/km? have been observed at 6 sites on the north slope (Table 13). Meanp
swan densities (1981-1985) on the 7700 km? ANWR coastal plain (including 524
kme  of primary habitat and 7174 km< of unproductive upland habitats) were
0.05 adult swans/km? as compared to 0.08 and 0.12 swans/km? in NPR-A in
1977 and 1978, respectively (King 1979). Overall swan densities on the
coastal plain of ANWR are apparently lower than north slope areas farthep
west. In contrast, densities within the ANWR concentration areas are as high
or higher than elsewhere on the north slope.

TRUMPETER SWAN - Rare coastal breeder. R. LeResche (ig_ Kessel and Gibsop
1978) observed a pair in late July 1972 at Simpson Cove. Pairs with 3 cygnets
were recorded by Canning River (16 September 1973), at Simpson Cove (10 August
1974), and in a pond by Demarcation Bay on 8 August 1974 (Kessel and Gibson
1978) .

GREATER WHITE-FRONTED GOOSE - Uncommon to fairly common spring migrant and
common fall migrant over coastal plain. Spring migration 1is primarily
westward (Salter et al. 19080), extending from late May to mid-June.
Early-season surveys at Canning Delta noted first arrivals on 17 May 1979 and
26 May 1980, and observations occurred until 29 June 1979 and 15 June 1080,
First arrival at Beaufort Lagoon was 29 May 1980, and birds were seen fairly
regularly throughout the month of June. Small groups were infrequently seen
grazing on the tundra at coastal locations in June. A group of U4 pair was
involved in courtship display in Moist Sedge habitat at Jago Delta on 6 June
1984, A single pair resided throughout June along lake banks in Flooded
habitat at Niguanak 1in 1985; no attempt at breeding was observed. No
observations of greater white-fronted geese on the ANWR coastal plain were
made from 2-30 July.

Beginning in mid-August, white-fronted geese were observed in a pronounced
eastward wigration over the ANWR coastal plain. A total of 10,228 geese
migrated past Beaufort Lagoon/Pingokruluk Point in 1680, with peak movements
on 29 August (6,334 birds) and 2 September (3,304 birds) (Levison 1980).
Between 23 and 30 August 1985, 149 greater white-fronted geese were observed
at Jago Delta; the wmajority were in feeding flocks of less than 30
individuals. However, during the same time period, 3,202 geese migrated over
the Niguanak area, about 27 km south of Jago Delta. The majority of greater
white-fronted geese apparently moved over the interior coastal plain, at least
to the Beaufort Lagoon area, rather than following the shoreline, as hrant
did. Fall migration at Canning Delta was observed beginning 16 August 1979,
and 12 August 1980. 1In 1979, flocks of 3-325 birds scattered widely across
the tundra to graze. Similar observations were made at Niguanak in 1985, with
heaviest grazing along lake banks and beaded streams (McWhorter et al. 1986,
Brackney unpubl. data). Small areas were stripped of vegetation as bird3
uprooted Carex plants. Maximum numbers at Canning Delta occurred on 0 August
1979 when a flock of 325 birds was seen, and on 25 August 1980 when a flock of
350 was seen flying east. Migration was apparently completed bv 3 Septembel
1980 when the 1last flock was seen. However, flocks were seen over the
Katakturuk delta as late as 14 September 1978 (Spindler 1978c).

SNOW GOOSE -~ Uncommon spring wigrant, rare summer visitor, and abundant fall
migrant on coastal plain of ANWR. The major nesting colonies of the westernd

arctic population, with the estimated number of breeding birds, are 165,000 ab
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panks Island, Northwest Territories, 3,800 at Anderson River Delta, Northwest
TathOFieS, 800 at Kendail Island, Northwest Territories (Krebs 1982), 80 at
gagavanirktok River Delta, Alaska (Johnson et al. 1985), and 60,000 at
Wﬁngell Island, USSR (Welling et al. 1981). Geese from these colonies mix
quring the winter in the Imperial and Central valleys of California, Rio
grande valley of New Mexico, and the state of Chilhuahua in Mexico (Bellrose
1980) . On the Alaska north slope, outside of the Sagavanirktok River delta,
scattered pairs have been reported breeding irregularly near Meade River,
Teshekpuk Lake, East Long Lake, Colville River, and Flaxman Island (Johnson et
al. 1975, Gavin 1976, Derksen et al. 1981). Snow geese once commonly nested
on portions of the Alaska north slope (Bailev 1048, Gabrielson and Lincoln
1959), but it has been hypothesized that introduced reindeer and their
nerdsmen destroyed geese and their nesting grounds (Bailey et al. 1932, Bailey
1948). There have been no recent reports of snow geese nesting or attempting
to nest on ANWR. Mid-summer records on ANWR are of lone stragglers or widely
scattered flocks grazing on the tundra (Levison 1680, Martin and Moitoret
1981, McWhorter et al. 1986, Schmidt 1970).

Snow geese are first observed during spring migration each year along the
Beaufort Sea coastline of ANWR during the latter part of May and the first
week of June (Johnson et al. 1975). The birds use several migration routes to
reach their arctic coastal breeding areas. Perhaps the greatest numbers
arrive by following the Mackenzie Valley northward (Barry 1967, Campbell and
Shepard 1973, Salter et al. 1974). Others have been seen wmigrating across
interior Alaska over the Yukon Flats and the Porcupine River basin (Gabrielson
and Lincoln 1959), crossing the Richardson Mountains through Blow River pass
(Koski and Gollop 197%4), and the Brooks Range through Anaktuvuk Pass (Irving
1960) . Snow goose occurrences on ANWR in the spring do not indicate a
definite migration toward any one of the major colonies. Observations which
include information on direction of wmovement indicate both westerly and
easterly movements (Burgess 1980, Johnson et al. 1975, Martin and Moitoret
1981, Salter et al. 1980, Schmidt 1970, Spindler 1978b). Farly arrival dates
on and near ANWR have ranged from 13 May to 29 June (Rand 1046, Gavin 1971,
Johnson et al. 1975, Martin and Moitoret 1981, Miller et al. 1985, Gollop and
Davis 1974b, Spindler 1978b, Burgess 1980, Levison 1980, Robus 1679, Bergman
et al, 1977). The peak date of egg-laying on the Anderson River delta colony
is about 9 June (Johnson et al. 1975).

Prior to fall migration snow geese from the Banks Island, Anderson Delta, and
Kendall Island colonies annually stage on the north slope of ANWR, the Yukon
Territory, the MacKenzie River delta Northwest Territories, and the Parry and
Bathhurst Peninsulas Northwest Territories (Koski 1975, 1977a and b). Annual
Variation occurs in the staging areas used, the numbers of snow geese using
®ach area, and duration of use (Koski 1977a and b, Spindler 1981la, Spindler
1983, spindler 1984a, Oates et al. 1985, Oates et al. 1986a, Brackney et al.
l986b). Estimated numbers of snow geese on the entire staging area have
fluctuated  annually ranging from  163,198-507,000 (Fig. 31). These
flUCtuations are believed to be caused by annual variation in reproduction and
PeCPuitment, although some geese are missed during surveys. On the ANWR study
areas the estimates of staging snow geese over 11 years of surveys have ranged
from 0 to 325,700 with a mean of 135,992 + 112,837 SD. During 4 of those
Years more than 190,000 snow geese staged on ANWR.

The chronology of staging also varies annually (Fig. 32). Adult and young

Beese leave the colony on the Anderson Delta at the end of August (Barry 1967)
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and probably leave the Banks Island nesting area at approximately the sSame
time (Johnson et al. 1975). Birds may stop over on the Bathhurst and Parry
Peninsulas for up to a week and then move west. During a normal vear, the
westward movement 1is followed by a 1 or 2 week period of 1little movement
(Johnson et al. 1975). The timing and magnitude of western movement into or
through the Mackenzie River delta, Yukon north slope, and ANWR coastal plain
may be influenced by severe weather (Johnson et al. 1975, Koski 1977a, b) or
available food resources (Koski 1977a, Brackney et al. 1985a). The dates of
the major arrival of snow geese on the ANWR coastal plain from 1971-1985 were
26 August to 1 September, and dates of major departure from the coastal plain
were 15-10 September. The first westerly migrating flocks have been sighted
between 15 and 24 August, with the earliest major influx of snow geese onto
ANWR occurring on 19 August 1980. The latest date of major departure was 27
September 1978, and the latest date snow geese have been seen on the ANWR
staging area have ranged from 9 September to 4 October (Fig. 32). A. Thayer
(pers. comm.) has reported seeing snow geese as late as mid-October in the
early 1970's.

Johnson et al. (1975) concluded that the main departure from the north slope
is gradual and occurs just ahead of freezing weather. Deep snow cover, which
hampers feeding activity, may cause a sudden departure (T. Barry pers.
comm.). Koski (1977b) suggested that snow geese remain on the staging area
long enough to accumulate sufficient energy reserves, respective of the
weather conditions.

Estimations of age-ratios were used as indicators of population productivity.
Percent voung observed varied annually from 0.1% Jjuvenile birds in 1974 to
over 54% Jjuvenile birds in 1973 and 1975 (Fig. 33). Productivity of the
western arctic snow goose populations is affected significantly by inclement
June weather (Barry 1967). Percent young also varied spatially on the staging
grounds. Samples including the Mackenzie Delta area have a tendencv to yield
higher percentages of juvenile birds than do samples including only the Alaska
and Yukon north slopes (Spindler 1983). This pattern would be expected if
fewer family groups migrate as far west as subadults or adults which failed in
their attempts to nest.

The distribution of fall staging snow geese has been extremely variable for
the years that data are available, 1973-1976 and 1978-1985 (Fig. 34, 35, 36,
37). In 1974, 1976, 1978, 1979, 1984, and 1985, snow geese staged over a wide
portion of ANWR, generally east from the Hulahula River to the Aichilik River
and extending from the coast inland to roughly the 305 m contour line. In
other years staging was restricted to certain localities or portions of the
coastal plain. In 1973, the use centered along the Aichilik River and
extended NW to the Niguanak River. In 1977 no snow goose surveys were
conducted. TIn 1975 and 1980 much of the population had apparently staged on
the Yukon north slope. In 1981, the distribution of 20,000 snow geese on ANWR
was fairly widespread, although approximately half the geese staged north of
the 305 m contour line between the upper Aichilik and Okerokovik Rivers-
During the fall of 1982, the area between the upper Aichilik and Okerokovik
Rivers again received the most concentrated and longest duration of use. In
1983, only 11,000-14,000 geese staged on ANWR, and these were dispersed over
much of the coastal plain. Tn 1984, the concentration areas were between the
Jago and Okerokovik Rivers, in the Jago Bitty and Pilak hills area, and alonf
the wupper and lower Aichilik River. The heaviest concentrations in 1985
é102,ooo geese) occurred in the foothills between the Aichilik and OkpilaK
ivers.
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Specific and consistently used "core" staging areas could not be precisely
defined. The extreme annual variation in the numbers of snow geese on the
ANWR coastal plain (Fig. 31) resulted in large annual changes in intensity and
use of specific areas. No area was used at a consistently higher intensity
(Fig. 38) or contained a consistently higher proportion of the population each
vear (Brackney et al. 1986h) although the inland areas between the Aichilik
and Hulahula Rivers north of the 305 m contour contained birds in all years,
The area between the upper Aichilik and the Okpilak Rivers was the most
consistently used by geese, but densities were highly variable.

Staging activities of snow geese on the eastern Alaska and Yukon north slopes
involve resting and feeding to allow sufficient accumulation of energy
reserves for completion of fall migration (Patterson 1974, Davis and Wisely
1974) . Patterson (1974) documented increases in body weights of 14.3% in
adult males, 17.1% 1in adult females, 9.5% in juvenile wmales and 23% in
Juvenile females during the staging period on the Yukon north slope.
Whole-body fat reserves of staging snow geese collected by Brackney et al.
(1986b) on the ANWR coastal plain increased substantially between arrival and
departure (Table 14). 1Incoming juveniles lacked sufficient fat reserves for a
2100-2400 km nonstop flight to the fall concentration areas in southeast
Alberta (Table 14). Similar results were found by Wypkema and Ankney (1979)
for snow geese of the eastern arctic population staging at James Bay, Ontario.

Table 14. Body fat reserves (g dry weight) and theoretical flight range of
fall staging snow geese on the Arctic National Wildlife Refuge
(from Brackney et al. 1986b).

Fat reserves during staging Flight range (km)

Sex Year Arrival Departure Arrival Departure
Adult males 1984 226 + 6U(A)D 653 + U2(3) 32koa 7699
1985 239 + 102(10) 594 + 93(14) 3338 7559
Adult females 1984 243 + 179(R) 587 + 21(3) 3268 7335
1385 251 + 125(14) 559 + 119(10) 3554 7726
Juvenile males 1984 99 + U6(h) 412 + 101(7) 1297 5899
1985 141 + 56(10) 320 + 127(7) 2075 4560
Juvenile females 1984 - 411 + 71(6) -- 5746
1985 131 +  40(7) 316 + 121(4) 2074 490k

a Based on a 70 km/hr flight speed, 80% utilization efficiency of fat, 2%
minimum fat reserve, and a flight cost of 11.0 x basal metabolic rate.
b Mean + 3D (n).

In 1984-1085, staging adult geese spent about 8.3 h per day feeding and
Juvenile geese fed approximately 11.7 h per day to acquire the observed energy
intale (Brackney et al. 1086b). Fcods found in the esophageous of T4 sno¥
geese collected in 1984-1985 consisted of 72.4% cottongrass (Eriophorum EBEJ
tubers and shoots (aggregate dry weight), 15.4% horsetail (Equisetum ggEJ
shoots, and 7.0% sedge (Carex spp.) (Brackney et al. 1986b).

Spindler (1978b) characterized the vegetation types within areas utilized bY

geese in 1978. The areas were composed of moist tussock--dwarf shrub tundrd
with lesser amounts of wet sedge and moist sedge tundra. The areas utilize€
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Fig.36 Distribution of fall staging snow
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in years of more widespread staging have included additional areas of
homogeous wet sedge tundra, flooded sedge tundra, and tussock tundra. Within
these areas the birds have been observed feeding primarily in low center
polygon centers, isolated wet sedge areas, or along the edge of permafrost
scar pits in upland tussock habitats (Brackney et al. 1986b). Staging geese
use lakes as night roosts and thus their distribution may be limited by the
availability of roosting lakes (Brackney et al. 1986b), or other suitable
roosting sites.

Because feeding snow geese consume the root stocks and lower stems of
cottongrass, they destroy the entire plant (Brackney et al. 1985a). The low
biomass production in the arctic (Cargill and Jeffries 1984) and the high
variability in annual reuse of areas by geese suggests that food resources are
not renewable on an annual bases. Brackney et al. (1986b) hypothesized that
reuse of feeding locations were on a multiyear cycle due to the extensive
removal of cottongrass in years of high feeding intensity and duration, and
the slow recovery of the vegetation. Therefore, habitat needs of the
population for pre-migratory staging may be greater than the amount used in
any given year.

ROSS' GOOSE - Casual spring migrant. One individual was observed on 13 June
1980 at the Canning Delta.

BRANT - Uncommon breeder in coastal plain basin-complex wetlands, locally
abundant migrant along Beaufort Sea coast. Spring migration was eastward and
peaked in the last week of May and the first week of June. At the Okpilak
Delta in 1978, peak spring movement of about 10,000 birds was U4~6 June. Upon
arrival at Okpilak on 6 June 1982, flocks totaling 680 were counted, and on 7
June 1300 brant flew over the area. Tn 1985, large flocks of brant moved
eastward between 2 and 11 June. In 1980 at Beaufort Lagoon, Levison (1980)
counted 2447 birds between 26 May and 11 June. At the Canning Delta in 1979,
beak spring movement was 26 May-1 June and in 1980 it was 29 May-5 June.
Spring migration was noted at Jago Delta during early June 1984-1985., Flock
Size averaged about 70, and ranged between 4 and 250 in 1984. During spring
migration along the ANWR coast, brant usually followed lagoon shorelines and
Cut across points of land, sometimes 1-5 km inland. The tendency for brant to
Use the lagoon shorelines in spring may be related to their use of the saline
Coastal vegetated mudflats which were usually located on gradually sloping

lagoon shorelines (Nodler 1977). Brant were observed using these vegetated
$Udf1ats in early to mid-June near the Okpilak Delta where they grazed on
—d¢cinellia phyrganoides and Carex subspathacea. These mudflats may be

eritical to brant during spring migration since there are often limited
aMounts of snow-free vegetation at this time.

gTOANWR’ brant nested on islands and peninsulas within basin-complex and
n Oded tundra wetlands. Brant were found breeding on the ANWR coastal plain
See: Small colony of 15 pairs at the Okpilak Delta in 1978, and broods were
at Beaufort Lagoon in 1970 (Schmidt 1970), and at Canning Delta in 1970
Brant were not known to breed on the Okpilak Delta in 1982,
Ough 1 nest was found in 1983, and a small colony of 6 nests was found
ng €arly to mid-June 1985 with an average clutch of 4.6 eggs. All eggs
efﬁntly hatched between 25 June and 3 July, and no broods were observed.
1978freC0Clal young are usually led to the shore by the adults (Harrison
Single brant nest was found on 4 July 1984 at Jago Delta on a small
nd surrounded by Arctophila at the edge of a deep lake. The nest
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was abandoned on 11 July; the remains of 3 eggs broken at 1 end indicategd
predation by glaucous gulls or parasitic Jaegers, species that were present in
the area when the nest was first visited.

Fall migration past Beaufort Lagoon began on 22 August 1970 (Schmidt 1970) ang
14 August 1980 (Levison 1980). Peaks of fall migration in 1980 occurred 26,
29, 30, 31 August, and 1-3 September. A total of 28,863 brant were counted
migrating west past Pingokruluk Point during the 1980 fall migration watceh,
with 16,452 others being counted on 1 September (Levison 1980). This is the
highest actual count made on ANWR. Fall migration past Canning Delta was
first observed on 17 August 1979 and 18 August 1980. Duration of the
migration in both years was about 3 weeks. The peak of the fall migration in
1979 was from 24-26 August, but in 1980 it was delayed by strong westerly
winds until 10 September. In both years at Canning Delta, fall migration
tended to be more evenly spread through time than the spring migration. The
total count of brant passing Canning Delta in 1979 was 24,627, nearly double
the previous eastern Beaufort Sea coastal fall count of 14,806 made by
Schweinsburg (1974) on 25 August-6 September at Nunaluk Spit, Yukon Territory
and nearly equals the estimated total of 26,000 observed during spring
migration along the Yukon coast (Richardson and Johnson 1981). Larpge flocks
migrated westward along the Jago Delta coastline in late August, with the
largest movements noted on 23 August 1985. Flock size often ranged from 25 to
=0, but some exceeded U450 individuals. Lagoon surveys conducted between 16-22
August 1982, 1983, and 1984 estimated an average of 1226 geese that was
comprised largely of brant (see Fig. 29). Brant migrate in spring and fall
along or close to the coast from the Mackenzie River west to about Cape
Halkett.

CANADA GOOSE - Uncommon breeder in coastal river deltas and drained-basin
wetlands; uncommon to fairly common migrant on coastal plain. The species
migrates in low numbers into the area in spring from the east and departs in
the fall to the east (Salter et al. 1980). Reported arrival dates were 27 May
1979 and 20 May 1980 at Canning Delta: 16 May 1979 at Sadlerochit (Robus
1979), 4 June 1978 at Oko lak Delta, and 6 June 1980 at Beaufort Lagoon
(Levison 1980). On the ANWR study area, nesting was observed on islands in
basin-complex wetlands surrounded by deep water. Incubation was initiated on
12 June 1979 at Canning Delta; the first brood was observed on 5 July 1979.
Nesting density was estimated at 0.25 nests/km?2 in 1979 and 0.30 nests/km2
in 1980 in the few areas in which nests were found. Successful nesting at
Jago Delta was confirmed by the presence of 5 goslings with adults in Flooded
hanitat, on 7 July 1984, and by a sighting of young with a flock on 19 July
1985. One nest was found at Okpilak on 11 June 1985 which was being
incubated. The nest contained 6 eggs on 25 June, 4 eggs on 30 June, and was
noted empty on 8 July 1985. At Canning Delta, adults with broods moved tO
large lakes and salt water in lagoons shortly after the hatch.

Following the breeding season a molt migration to the west was apparent in
late June-early July as non-breeders and failed breeders vacated tundra
habitats and were seen migrating west, probably to Teshekpuk Lake (Derksen et
al. 1981, Martin and Moitoret 1981). Some birds which do not reach TeshekpuK
.ake before losing flight may spend the wing-molt period 1in July in river
delta habitats on the ANWR study area, as did the 65-90 flightless Canad?
geese observed at the Canning Delta in late July 1979. On 7 August 1985
30-50 individuals foraged in Moist Sedge-Shrub habitat on the Okpilak River
Delta. FEastward fall migration began mid-August and lasted until the end ©
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the month. Over 20 Canada Geese with at 1least U4 full grown goslings were
observed at Jago Delta on 27 August 1985.

GREEN-WINGED TEAL - ©Uncommon breeder inland; rare coastal breeder. The
earliest observation on the ANWR study area was of a pair at Sadlercchit
Springs on 22 May 19679 (Robus 1979). Green-winged teal were usually recorded
as singles, pairs, or infrequently as small flocks (up to 16 dindividuals)

mostly in June. Ten adults, including at least 3 pair with broods of up to &
young were observed in a wet, wmossy vriparian area at the base of the
Sadlerochit Mountains south of the Katakturuk camp, on 20 July 1982. Cne

female and 5 young were seen on 12 August 1985 on the river at Marsh (reeir,
Schmidt (1970) found a nest near Beaufort Lagoon, and a female was flushed
from a nest in Mosaic habitat at Okpilak on 11 June 1985. Late-summer
observations were uncommon: 1 individual at Aichilik on 12 August 1085, and 1
bird at Niguanak on 27 August 1985,

MALLARD - Uncommon migrant, rare breeder. Small groups of 1-3 mailards were
infrequently observed in Flooded or Riparian habitats during late May and
early June primarily at the ANWR coastal study sites. The only breeding
observation for mallards on the ANWR coastal plain was made at a large lake
11.5 km southeast of the Jago Bitty camp. On 2 July 1983, 4 pairs were ncted
at the lake, followed by a sighting of 8 adults and 10 ducklings on 25 Julvy.
Levison (1980) observed mallards in groups of 1-15 birds on &, 9, and 15
August 1980 near Beaufort Lagoon. On 12 August 1985, a group of 12 flew east
over Sadlerochit and 2 individuals were noted on the river at Jago Delta.

NORTHERN PINTAIL - Common migrant and summer resident, fairly common breedesr,
Spring migration is probably both east to west (from the Mackenzie Valley west
to the Alaskan north slope) and south to north (from interior Alaska north
across the Brooks Range to the north slope), with ensuing dispersal along the
north slope in both easterly and westerly directions (Johnson et al. 1975).
Arrival on the ANWR study area occurred in late-May to early-June. Opsn water
at river delta mouths in late May-early June usually attracted the first
bPintails until open water became available in wetland basin complexes during
the first or second week of June. Pintails were the most common dabbler using
tundra habitats on the ANWR coastal plain. They were observed daily in a
diversity of habitats at several locations. Average densities during the
reproductive season (June to mid-July) were highest in Flooded and Mosaic
habitats, with 5.3 and 4.6 birds/km?, respectively. Both densities were
lower than studies at Prudhoe Bay and sites west of ANWR (Derksen ef al. 1981).

PODUIation levels and breeding efforts fluctuated widely on the north slope,
apparently increasing when drought conditions on the North American prairie
Potholes occured (Derksen and Eldridge 1980). Northern pintails nested in all
habitats except Tussock, but were most common in Mosaic (1.5 nests/km?) and

Riparian (1.0 nests/km2). Clutch size ranged from 6 to &, and nest sites
Were commonly 1in protected wmicrosites near ponds, lakes, or small river
Qhannels. Hatch dates extended from 20 June through mid-July, and females

attended broods on small ponds.

The ANWR coastal plain also provided molting and staging habitat in the form
of basin—complex, beaded stream, and Flooded tundra wetlands. In early July
§ July 1978) flocks as large as 23 birds were observed at Okpilak Delta., In
Md-to-1ate July, birds undergoing wing molt were observed 1in Flooded
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Arctophila and Carex habitats. Wetlands with extensive Arctophila were used
bv molting pintails on the Canning Delta. The average pintail density in
Flooded habitat increased to 12.7 birds/km2 during the post-reproductive
period (mid-July through August), while densities in other habitats remained
constant or decreased.

Fastward fall migration began in early August. At Beaufort Lagoon, Levison
(1980) observed the first eastward migrants on 6 August, with peak movement of
783 flying east on 18 August, and the last group seen on 3 September 1980,
Peak migration of pintails from the north slope occurred on 14 August 1980,
when over 900 birds were counted flying east at Canning Delta. Major fall
migration past Canning Delta ended by 20 August 1980. During late August
1985, small flocks of 65-25 individuals (mostly juveniles) were observed on
ccastal lagoons and nearshore waters at Jago Delta. Small flocks of up to 30
birds were seen as late as 2 September 1980 at Brownlow Lagoon.

NORTHERN SHOVELER - Rare wmigrant and summer visitant. The earliest observed
date on ANWR was 22 May 1979, when a pair was seen at Sadlerochit Springs
{Robus 1979). Additional pairs of shovelers were observed in Flooded habitat
during early June at Jago Delta in 1984 and 1985, and at Okpilak delta in
1985. Schmidt (1970) reported a drake at the Aichilik River delta on 24 June
1970. From 1 to 3 individuals were seen on U occasions on 22 June 1979 at
Demarcation Point (Burgess 1980). At Canning Delta, the species was not
recorded in 1979, but was seen fairly regularly in 1980, when 1 to 4 birds
were observed on 10 dates from 7 June through 14 August, and a few shovelers
probably molted in the area using dense Arctophila beds for cover during the
moit.

FURASIAN WIGEON - Casual visitor to the ANWR coast. A pair was observed in an
Arctophila marsh within a drained-basin wetland complex near the Okpilak Delta
(Spindler 1978a).

AMERICAN WIGEON - Uncommon to fairly common migrant. The earliest
observations during spring migration were on 22 May 1979 in the interior
coastal plain at Sadlerochit Springs (Robus 1979), where open water most of
the winter provided an attractant for early-arriving waterbirds (Spindler
1979b) . On the coast, American wigeons arrive in the last few days of May (25
May 1979) at Demarcation Point (Burgess 1980) and 29 May 1980 at Canning
Delta. Observations of singles, pairs, and flocks of wigeons were frequent
through June along coastal lagoons and deltas. Schmidt (1970) recorded 3
flocks in the Beaufort Lagoon area, with a maximum of 50 seen on 24 Juné
1970. VNo birds were seen in July, and only 2 flocks were observed flying east
over Canning Delta on 19 August 1980.

GREATER SCAUP - Uncommon to fairly common coastal migrant; locally rare to
uncommen summer visitant. Greater scaup were seen regularly along the coast
during cspring wigration. Earliest observation was 1 June 168t at Sadlerochi
_agoon. Sightings through June were fairly common of single birds and f1locks
swimning and feeding in lagoons with oldsquaw and scoters. A flock of 52

las

scaup in a raft of scoters was noted at Aichilik River delta during the
week of June 1970 (Andersson 1973). Pairs and small flocks of up to 10 were
also observed in ponds and Flooded habitat near the coast. Two drakes and @
hen remained in a small, drained-basin wetland at Okpilak delta from 11-2
June in 1978. A single inland sighting was made of a scaup which flushed fron
tall willows in Riparian habitat near Jago Bitty camp on 10 June 1983-
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Observations of greater scaup during July and August were predominantly in
eastern coastal lagoons and at Canning Delta, where flocks of up to 5 were
observed almost weekly from 6 June through 21 August in 1979 and 1980. Dates
of peak scaup numbers observed 1in lagoons during aerial surveys varied
considerably from 1981-1985. A maximum of 46 were recorded on 25 Julvy 1982
(all at Jago Lagoon) and 82 were observed along a 400 m wide coastal transect
on 24 August 1981. Forty scaup spp. were observed at Demarcation Bay on 6
September 1983, the latest observation date on the ANWR coastal plain.

LESSER SCAUP. Rare inland breeder; rare summer visitant to coastal plain.
Lesser scaup are abundant breeders on south slope and commonly breed in Brooks
Range, but are rarely observed on the arctic coastal plain. The earliest
sighting on ANWR occurred on 11 June 1984 when a single bird was seen in
Flooded habitat at Jago Delta. In 1983, 2 lesser scaup were observed in a
pond 11.5 km south of Jago Bitty camp on 2 July, and later in season, an adult
with a brood of 6 chicks were seen in a pond 1.6 km east of Marie Mountain.

COMMON EIDER - Uncommon breeder in coastal wetlands and on barrier islands;
fairly common migrant and summer resident along ANWR Beaufort Sea coast.
Barry (1974) estimated that over a million eiders summer in the Beaufort Sea
area, and that slightly less than half are common eiders. In spring, common
elders arrive from the west. It is possible that common eiders occasionally
winter in leads and polynyas since they have been recorded at Banks Island as
early as 10 April 1953 (Johnson et al. 1975). It is believed however, that
the majority winters in the Bering Sea and North Pacific (Johnson et al.
1975) . The first spring observations on ANWR were 1 May 1980 (Spindler 1980)
and 27-31 May 1980 (Martin and Moitoret 1981). Spring migration along the
ANWR coast (and most of the Beaufort Sea coast from Harrison Bay to Mackenzie
Bay) 1is gradual with seldom more than a few hundred eastbound migrants
observed as compared to the hundreds of thousands seen passing Barrow in
mid-May (Johnson 1971) and Cape Dalhousie, Northwest Territories in late-May
to mid-June (Barry 1974). Following spring migration, small numbers were seen
On the tundra on the Okpilak River delta in mid-June 1978 (Spindler 1978b) and
on open water in coastal lagoons and the Beaufort Sea near Canning Delta in
June 1979-80.

Initiation of 9 nests at Canning Delta in 1979-1980 occurred during the last 2
weeks of June and the first few days of July. Divoky (1978a) found the
following number of nests in 1975 and 1976: Konganevik Point Island (8), Arey
Island (1), Arey Spit (1), Bernard Spit (1), Jago Spit (4), Egaksrak Island
(1), S. of Siku Entrance (6). Schmidt (1970) found 23 active nests on 2 reefs
1.6 wm south of Pingokraluk Point. Tundra nesting density in coastal Flooded
tundra at Okpilak was estimated to be 0.04 nests/km2. At Canning Delta
1980 the first broods were seen on 17 July 1980. Only 5 broods were seen off
Brownlow Point in mid-to-late August 1979 despite intensive weekly shoreline
Surveys. An eider nest was discovered on the bank of the Sadlerochit River 1
kn inland from coast in 1984 and 1985.

The earliest documentation of westerly migration of non-breeding eiders is
"ld-June. Martin and Moitoret (1981) noted extensive use by eiders in a
eveloping shore lead between Flaxman Island and Brownlow Point with at least
500-800 birds present on 27-30 June 1979, and 200 eiders were observed in an
OD?n lead off Brownlow Point on 10 July 1979. Comparable use of the Brownlow
%lnt area by eiders was not seen in 1980.
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In both 1979 and 1981 a major westward movement of eiders, of which at least
90% were male common eiders, was noted passing Canning Delta from the end of
July to 10 August. Peak wmovement was on 28 July 1980, when more than 500
birds/h were counted; in 1979 peak movement of 150 birds/h was noted on 21
July. By contrast Johnson and Richardson (1981) reported about 35 common
eiders/h migrating west past Pingok Island on 20-25 July 1977, at which time
157 king eiders/h were reported flying west. During the molt migration
Johnson and Richardson (1981) estimated that most of the eiders migrated along
shoreleads and over lagoon ice before breakup, and over the lagoons and open
sea north of the barrier islands after breakup. They estimated a total of
3,602 eiders (both king and common) passing through Simpson Lagoon during molt
migration.

During the molt wmigration and fall migration, eiders stop and rest in the
coastal lagoons and nearshore waters of ANWR (Spindler 1979a, Bartels and
Zellhoefer 1983). Eider numbers (not identified by species) averaged 351-373
birds in lagoons and on the offshore transect in late July through early
August 1981-85. Mean numbers showed a downward trend through August and rose
slightly in September. At Simpson Lagoon, eider densities offshore in the
Beaufort Sea peaked at 1.5 eiders/km” on 28 and 29 July 1677. Along the
south shore of the barrier islands, densities peaked at 1.6 eiders/km? on 28
to 29 July 1979 (Johnson and Richardson 1081). Densities along the shoreline
and mainland varied from 0 to 1.2 and 0 to 1.8 eiders/kmz, and eilders were
not seen in mid-lagoon waters (Johnson and Richardson 1081) .

Fall migration of common eiders is largely a movement of female and juvenile
eiders, since the majority of males departed during the earlier molt migration
(Thompson and Person 1963). At Brownlow Point, small numbers migrated west
between 14-31 August 1979, most of which were females and Jjuveniles. Fewer
total numbers of eiders were seen passing Brownlow Point between 19 August and
1 September 1980, but a peak rate of 45 eiders was observed on 1 September.
By comparison, Johnson and Richardson (1981) counted a peak rate of U7
birds/day between 21 August and 22 September 1977 and 135 birds/day in 1978 at
Simpson Lagoon. They observed eiders in Harrison Bav as late as 22-23
September 1977-1979. Common eiders were observed on lagoon and nearshore
transects along the ANWR coast as late as 9-10 September 1980 (Spindler 1981b)
and 20 September 1981 (Spindler 1981b). Observations by Bartels (1973),
Watson and Divoky (1974), and Divoky (1978a) indicate that migration often
occurs 13-16 km offshore in the Beaufort Sea, and may not be detected by
observers along the shore.

KING EIDER - Uncommon breeder in coastal wetlands and uncommon migrant along
the ANWR Beaufort Sea coast. The center of abundance of king eiders in Alaska
is near Point Barrow and eastward (Gabrielson and Lincoln 1959). Barry (197“)
estimated that about 700,000 king eiders migrate into and through the Beaufort
Sea. As with the common eider, the bulk of the eastward spring migration
pbrobably occurs in the Beaufort Sea offshore of ANWR (Johnson et al. 1975)-
King eiders first appear along the eastern Beaufort Sea coastal tundra during
the first 2 weeks of June. However, Searing and Richardson (1975) Su%gested
that they probably arrive in of fshore leads and polynyas around the third OF
fourth week of May. Martin and Moitoret (1981) reasoned that "since kiD8
eiders probably arrive in the Canadian arctic during the last 2 weeks of Mays
the Alaska breeders must either wait in offshore leads for snow on the tundré
to melt and/or there is a secondary movement of local breeders along tN€
Beaufort Sea coast in late Mayv or early June."
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puring a migration watch at Simpson Lagoon in 1977, king eider movement
eastward peaked between 7-13 June (Johnson and Richardson 1981). Arrival
dates for king eiders on the ANWR and nearby areas were 14 May through 7 Jure
(Brooks 1915, Dixon 1943, Johnson et al. 1975, Spindler 1978b, Martin and
Moitoret 1981). At the Canning Delta eastward migration was not detected:
pirds arrived and began using overflow water at the river delta and water in
snow melt pools. Pairs became numerous between 12-22 June on tundra at
canning Delta, and males began to decrease on the tundra during the last week
in June, disappearing entirely by the end of the first week in July.

Data on 7 nests at Canning Delta (1979-1980), 3 nests at Okpilak (1983), and 1
nest at Niguanak (1985) indicated that egg laying began during the second week
of June. Nest sites ranged from wet tundra with pools nearby, to mesic tundra
with shallow-Carex ponds, and the deep-Arctophila portions of Flooded
habitat. To the west of ANWR, at Storkerson Point, they were more common
nesters in similar Flooded habitats (Bergman et al. 1977). Female adults with
chicks were observed in Flooded tundra ponds at Jago Delta and at Niguanak
through July in 1985.

A molt migration was not evident past Canning Delta in either 1679 or 1880,
although, a few males were seen flying west on 1 August 1980. At Simpson
Lagoon, Johnson and Richardson (1981) noted a medium-sized westward movement
totalling 1,931 birds between 1-31 July 1977, most of which wmcved through
between 21-25 July. No comparable movement of king eiders was noted in 1978.
Equal numbers of common and king eiders were seen during the 1977 molt
migration at Siwmpson Lagoon (1,910 and 1,931 respectively). At Canning Delt:z
in 1979 and 1980, common eiders were by far in the majority during the mcit
migration period (Johnson and Richardson 1981, Martin and Moitoret 1081;.
Barry reported over 1 million king and common eiders migrating westward past
the Mackenzie River delta. Schmidt (1970) reported "a few small flocks®
flying past Ansun Point during late August and early September 1970. Johnson
and Richardson (1981) counted only 5 king eiders during intensive fall
migration watches at Simpson Lagoon. Most king eiders have left the coastal
lagoons along ANWR by September (Spindler 1981b). However, individuals have
been seen in Barrow coastal waters as late as 9 November and 2 December
(Johnson et al. 1975). Eider numbers (both species) estimated from lagoon
Surveys from 1982-1985 showed a steady decline (Fig. 29c) from a late July
Wean of 351 to 23 in late August and an increase to 206 in September.

§EEQI§9EEQ_J§£9EB_ - Uncommon breeder in coastal wetlands. The species was
Observed arriving at Canning Delta on 1 June 1979 and 5 June 1680, and at
Demarcation Bay on 12 June and 26 June (Burgess 1980). The center of

abundance of breeding spectacled eiders on the north slope of Alaska is
thought to be near Cape Halkett or Cape Simpson (Johnson et al. 1975). On the
ANWR, Schmidt (1970) recorded a pair on a pond in the Aichilik River delta on

July 1970, and occasional small flocks along the barrier spits of Beaufort
LZ%9OH in late June. Andersson (1973) reported breeding at Nuvagapak Point.,
N 1s0n (1980) observed 2 birds off shore of the barrier island at Beaufort
b goon on 24 July 1980, and Brooks (1915) collected 5 at Humphrey Point

i:tw§en 12-26 June 1914. A pair and a group of 2 females and 1 male were Secen
Mld-June 1979 at Demarcation Point (Burgess 1980) and 2 pairs were observed

o] : . . . . .
r Paglng in Flooded tundra during mid-June at Okpilak in 1982. Egg-layines is
eDOr'ted tO

commence on the north slope during the second week 1in June
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(Gabrielson and Lincoln 1959, Andersson 1973), although an incomplete clutch
was first discovered on 19 June at Okpilak in 1985. At Canning Delta, 3
broods were located in 1979, the first of which was seen on 28 July, only 1
brood was found at Canning Delta in 1980. One brood was observed at Okpilak
on 16 July 1985. Females with broods used shallow-Carex and deep-Arctophila
wetlands in Flooded habitat. Johnson et al. (1975) reported that spectacled
eiders preferred coastal areas with shallow, muddy water. Following the onset
of incubation, departure of males from the Beaufort Sea nesting areas was
reported by Gabrielson and Lincoln (1959). Three males and 1 female at Angun
Point on 1 September were the only fall records for the species on ANWR
(Schmidt 1970).

STELLER'S EIDER - Rare breeder and summer resident on coastal barrier islands,
lagoons, large coastal lakes, and wetlands. The regular breeding range of
this species centers on the Siberian arctic coast and extends as far east as
Point Barrow (Myers 1958). East of Barrow the species decreases in abundance
and regularity of breeding (Gavin 1970 and 1971, Watson and Divoky 1974),
Several birds, believed to be nesting locally, were observed at Humphrey Point
on 13 June 1914 (Dixon 1943). Brooks (1915) saw a female Steller's eider at
Demarcation Point in 1914. First arrival of the species is probably in the
first to second week of June. At Storkerson Point, Bergman et al. (1977)
reported arrival dates of 8 June 1971, 12 June 1972, and 7 June 1973.

HARLEQUIN DUCK - Uncommon summer visitant and rare breeder along rivers in of
inland coastal plain. Date of earliest observation on ANWR was 21 May 1979 at
Sadlerochit Springs (Robus 1979). June records include several pairs, or
single males and females at Sadlerochit Springs (1978, 1979, Robus 1979),
Katakturuk (1982, 1983, 1985), Aichilik (1984), Jago Bitty (1985), and Marsh
Creek (1985). Repeated observations of a pair swimming on the river were
recorded from 12-29 June 1983 at Katakturuk and from 9-20 June at Jago Bitty
in 1985. No harlequin duck nests were discovered on the coastal plain, but a
hen with 5 ducklings was seen swimming in Marsh Creek on 12 August 1985. Five
immature harlequins were subsequently observed in the river on 3 more
occasions in August.

OLDSQUAW - Common breeder on coastal plain tundra near lakes, ponds, and
wetlands; abundant summer resident in lagoons and nearshore waters; abundant
migrant along coast. Oldsquaw are the most numerous breeding duck across the
outer coastal plain from NPR-A (Derksen et al. 1981) to the Yukon north slope
(Salter et al. 1980). On the ANWR study area, it 1is probably the most
abundant duck, and is the most numerous resident species in coastal lagoons
and nearshore waters (Bartels and Zellhoefer 1983, Bartels and Doyle 198Ub,
Brackney et al. 1985c, Brackney et al. 1986a). The abundance of oldsquaw has
prompted intensive study as a key species on the north slope (Johnson and
Richardson 1981, Brackney and Platte 1986, Taylor 1986).

Oldsquaw migrate eastward along the Beaufort Sea coast from wintering areas in
the Bering Sea and north Pacific to breeding areas on the Alaska and Yukon
north slopes and the Canadian arctic. There is some evidence for a northerly
migration across interior Alaska and the Brooks Range to the north slopé
(Johnson et al. 1975). Documented spring arrival dates on the ANWR coastal
plain and nearby ranged from 22 May to 1 June (Johnson et al. 1975, Levison
1980, Martin and Moitoret 1981). Peak spring movement occurred on 5 June 19

at Canning Delta, where 2000 oldsquaw were estimated to have passed at the
average rate of 30 birds/h (Martin and Moitoret 1981). 1In general, spriné

160




povements of oldsquaw past the Canning Delta were generally not as intense as
the fall movements in 1980 (Martin and Moitoret 1981). Richardson and Johnson
(1981) estimated the spring movement past Oliktok, near Prudhoe Bay, at 178.3
pirds/h from systematic radar and visual watches during 2-10 June 1977. The
spring migration near and west of Oliktok appeared to be a "broad front"
extending from 50-60 km inland on the coastal plain to 50-60 km seaward of the
coastline, while at Komakuk Beach on the Yukon north slope, the route appeared
to be concentrated along the coastline.

0ldsquaw were observed using river delta overflow waters as soon as they
pecame available (31 May-1 June) on the Canning Delta in 1979-1980 (Martin and
Moitoret 1981). The earliest observation of oldsquaw using tundra wetlands on
ANWR is 7-10 June (Spindler 1978a, Martin and Moitoret 1981). Habitat use by
oldsquaw on the tundra is a reflection of the preferences of the highly
territorial breeding adults (Alison 1975, Derksen et al. 1981). During the
breeding season on NPR-A, oldsquaw prefer deep Arctophila ponds (Class 1V
wetlands of Bergman et al. 1977), deep open lakes, (Class V), beaded streams
(Class VII), and to a lesser extent shallow Carex and Arctophila wetlands
(Bergman et al. 1977, Derksen et al. 1981). These wetlands are used primarily
for feeding and loafing. All of these wetlands are within the Aquatic Tundra
habitat (Class IIb-c) of Walker et al. (1983). Of 26 nests found on the ANWR
coastal plain from 1978-1985, ¢ (34.6%) were located in Aquatic Tundra
habitat, 8 (30.8%) were in wet graminoid tundra, 3 (11.6%) were in partially
vegetated Riparian habitat, and 2 (7.7%) in Mosiac. One nest each (3.8%) were
found in Moist Sedge Shrub, Moist Tussock Sedge and Moist Shrub Riparian
(Spindler 1978a, Martin and Moitoret 1981, Spindler and Miller 1983, Miller et
al. 1985, McWhorter et al. 1986). Habitat use by broods in NPR-A in 1977-78
was primarily in deep Arctophila ponds, deep open lakes, and shallow-Carex
ponds (Derksen et al. 1981).

Oldsquaw nests found on ANWR have been widely scattered (Spindler 1978a,
Martin and Moitoret 1981). Elsewhere, Alison (1975) reported frequent nesting
in small clusters or colonies. Minimum estimated nesting density was
0.40-0.45 nests/km? in 1979-1980 at Canning Delta (Martin and Moitoret
1981), and 2.0 nests/km? at Okpilak Delta in 1978 (Spindler 1978a).
Densities of adult oldsquaw on the Canning Delta in 1979 decreased from 4.9
birds/km2 in June to 1.1 bird/km? in August, and were similar to densities
Observed at other arctic coastal sites west of ANWR. Densities ranged from
1.1 to 4.6 birds/km© at 6 sites in NPR-A during 1977-1978 (Derksen et al.
%981) and ranged from 0.3-5.1 in June to 0.1-9.0 in August at Storkerson Point
in 1971-1975 (Bergman et al. 1977).

Egg‘laYing peaked during the last week of June and the first week of July at
the Canning Delta in 1979-1980. The first broods were seen on 18-23 July with
Some nests still incubated as late as 28 July (Martin and Moitoret 1981). 1In

Tgs-A during 1971-1973, nest initiation ranged from 9-23 June (Bergman et al.
7).

After mating, male oldsquaw vacate the tundra breeding areas by late July and
pt1e§“‘“ab1y go to nearby large, deep, open lakes and coastal lagoons to molt
Alison 1975, Vermeer and Anweiler 1975, Schamel 1978, Derksen et al. 1981,
m?rtin'and Moitoret 1981, Taylor 1986). The occurrence of a mid-summer molt
Ne%iatlon and subsequent use of Beaufort Sea coastal waters py oldsquaw are
Bar documented (Gollop and Richardson 1974, Johnson and Richardson 1981,

tels et a1. 1984, Bartels and Doyle 1984b, Brackney et al. 1985b, Brackney
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and Platte 1986). However, the proportion of birds molting in ANWR lagoong
which bred on the ANWR coastal plain is unknown. An  obvious westwarg
migration occurs during this time (Martin and Moitoret 1981, Spindler 1978a)
and the magnitude of this movement suggests that birds could be arriving frop
some distance to the east (M. Spindler per com., Gollop and Davis l97”b,
Levison 1980). Furthermore, the turnover rate of individual birds using each
lagoon is unknown. Johnson and Richardson (1981) indicated that large flocks
of flightless molting oldsquaw move (swam) from lagoon to lagoon. If thig
phenomenon occurs frequently, then lagoon use by oldsquaw is dynamic and the
numbers of birds present and the individual birds present are not statie,
Oldsquaw fitted with radio transmitters in 1983-1984 were sedentary during the
molt period, but then exhibited interlagoon movements following molt (Bartels
et al. 1984, Brackney et al. 1985c).

On ANWR coastal lagoons, peak oldsquaw abundance found in aerial surveys
occurred in early-August 1981-1985, with a 3 year mean of 29,563 + 1189.7 9p
oldsquaw in 10 selected lagoons and a 400 m wide offshore strip. Oldsquaw
densities averaged 81.4 + 3.7 SD birds/km? (range 20.6-92.0 for all surveys)
during the peak period in early-August. The highest oldsquaw density recorded
on ANWR was 327.2 birds/km2 on Tamayariak lagoon from 7-13 August 1982, 1Ip
comparison, Johnson and Richardson (1981) found the peak and average density
of oldsquaw in Simpson Lagoon was 566 and 145 birds/kmg, respectively, with
an estimated total population of 50,000 birds (in 1 lagoon) on 28-29 July
1977 . Seasonal abundance of oldsquaw during 1981-1985 indicates a gradual
buildup of birds occurs through July until a peak is reached in late July or
early-mid August followed by a decline into mid-September (Fig. 28).

Oldsquaw also use large, deep, open lakes on the tundra for molting (Derkson
et al. 1981, Taylor 1986). 1Inland lakes were used more fregquently by females
than by males at the Canning Delta (Martin and Moitoret 1981), but the
opposite pattern was observed at East Long Lake in NPR-A (E. Taylor pers.
comm.) . In addition to coastal lagoons and inland lakes, oldsquaw were the
most abundant species observed in nearshore Beaufort Sea aerial surveys flown
0-400 m offshore of the barrier islands (Bartels and Zellhoefer 1983, Bartels
and Doyle 1984b, Brackney et al. 1985b, Brackney et al. 1986a). Densities of
oldsquaw seaward of the barrier islands have ranged from a low of 19.1
birds/km® on 22-23 July 1981 to a maximum of 123.8 birds/km? on 18 August
1984 (Bartels and Zellhoefer 1983, Brackney et al. 1985c). Nearshore use by
oldsquaw is generally low in July and increases during August and September as
more oldsquaw gain flight capability after molt (Brackney et al. 1985c).
Martin and Moitoret (1981) noted that at Brownlow Point most oldsquaw sought
protection inside the barrier islands while they were molting, but that some
oldsquaw were seen outside the barrier islands lagoon before molting.

Aerial transect data show spatial differences in the concentration sites for
oldsquaw. Johnson and Richardson (1981) reported that 90% of all birds seen
in aerial surveys at Simpson Lagoon were in the lee of the barrier island
chain. They compared oldsquaw distribution with prevailing wind patterns and
invertebrate prey density patterns, and concluded "that the presence of
protective (from wind, waves, ice) barrier islands and the availability of
rich supplies of food in adjacent coastal lagoons at least partially account
for the dense concentrations of molting (and feeding) oldsquaws in lagoOl
habitats.n» Brackney et al. (1985¢c) partitioned radio telemetry and aerial
Survey transect data into gross habitat types and found that oldsquaw seleOted
the aquatic habitat within 200 m of the following areas 1in order of
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reference: lagoon side of barrier islands, lagoon mainland shoreline, ocean
gide of barrier islands, passes between barrier islands, and ocean mainland
shopeline. Use of open water in the lagoons and in the Beaufort sea was lower
than expected based on the availability of these habitats. However,
pehavioral studies found that a higher proportion of oldsquaw in flocks were
feeding while in passes (53%), and open water habitat of the lagoon (20.9%)
and ocean (27.1%), than along the barrier islands (4.5%) or lagoon shorelines
(7.6%) (Brackney and Platte 1986). Thus, the protection of barrier islands,
spits, sandbars, and protective shorelines are important for resting oldsquaw,
and open water habitats and passes between the ocean and lagoon are important
feeding locations. Since oldsquaw appear to catabolize little of their body
energy reserves of fat and protein during molt (Brackney and Platte 1986),
they must acquire the energy and protein necessary for molt from the lagoon
and offshore aquatic system.

Epibenthic invertebrate species Mysis relicta, M. littoralis and the amphipod
Onisimus glacialis were the primary food items in the crop and gizzard of 54
oldsquaw collected by Johnson (1984) at Simpson Lagoon. Mysids comprised
58.7% and amphipods 14.2% of the diet by volume. Eighteen oldsquaw collected
by Brackney and Platte (1986) at Nuvagapuk Lagoon on ANWR contained 30.3%
amphipods, 23.8% mollusks, and 12.8% mysids by volume. Altogether, oldsquaw
are known to consume fish and prey from 17 major aquatic invertebrate groups
in the Beaufort Sea. Oldsquaw are apparently opportunistic feeders which
consume the most available prey items in the highest proportions (Peterson and
Ellarson 1977, Johnson 1984) .,

Fall migration of oldsquaw along the ANWR coast 1is westward and intensive
during major movements, with a peak of 538 birds/h observed during systematic
migration watches at the Canning Delta in 1980 (Martin and Moitoret 1081).
The actual westward movement begins with the male molt migration in late June
and early July. Between 18 and 31 August 1079, Martin and Moitoret (1081)
observed 4,728 oldsquaw of an estimated 20,800 migrating west past the Canning
Delta. From 18 August to 6 September 1980 an estimated 32,000 oldsquaw
migrated past the Canning Delta during the first half of oldsquaw fall
migration, By comparison, Johnson and Richardson (1981) counted 33,000
Oldsquaw flying west past Pingok island between 21 August-22 September 1977,
and estimated that over 100,000 oldsquaw migrated through or past Simpson
Lagoon. 1In 1978, they did not see nearly as many oldsquaw migrating west and
reasoned that "oldsquaws do occur far offshore in the Beaufort Sea during late
August ang September (Searing and Richardson 1975, Divoky 1978a). It is
Probably that a significant fraction of autumn migration is not near the coast
at Simpson Lagoon." Timson (1976) estimated that 240,500 oldsquaw migrated
West past Barrow during 3-16 September 1975. During migration, individual
Oldsquaw may use a lagoon for only a short period. Johnson and Richardson
gigSl) noted "considerable turnover" of individual oldsquaw in Simpson Lagoon
om 22 to 23 September 1977-1979. Oldsquaw utilized ANWR lagoon and
Nearshore waters as late as 20 September and elsewhere along the Reaufort Sea
Coast, at Prudhoe Bay as late as 15 October (Johnson and Richardson 1081).
§§§g£_§ggygi - Uncommon coastal migrant. The speoies.nesps mainly from the
Ortirn Aleutians and Alaska Peninsula east through interior Alaska to the
West Territories, northern Quebec, and Newfoundland (Johnson et al.
to . Occurrence of the species on the eastern Alaskan north slope appears
Ange & 'post-breeding shuffle' and perhaps a westward molt migration. On
» the species has been seen flying west past Rrownlow Point: a flock of
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50 was seen on 24 June 1980, and 4 males and a female were observed op 2
August 1979. One black scoter was also observed swimming in the sea among 4
group of white-winged scoters off Brownlow Point. Burgess (1980) saw 200
black scoters on 21 June and 70 black scoters on 28 June flying pagg
Demarcation Point in 1979, Black scoters may also frequent 1inland coasta)]
plain lakes on ANWR; 3 males on 23 June and 1 female on 14 July were seen on 3
lake in the upper Hulahula River drainage in 1980 (Spindler 1980) .

SURF SCOTER - Uncommon migrant and summer resident in ANWR coastal lagoons and
nearshore waters. The wmajor breeding areas of the sSpecies are in interiop
Yukon, the upper Yukon valley, and the Bering Sea coast (Gabrielson angd
Lincoln 1959). Occurrence of the species along the ANWR Beaufort Sea coast is
primarily post-breeding males. An unusual pre-molt migration that is in the
direction opposite to their rfall migration route has also been observeq
{Johnson et al. 1975, Johnson and Richardson 1981). The earliest record of
surf scoters along the ANWR coast was of a flock of males swimming in the
lagoon near Sadlerochit on 7 June 1984, Several groups of from 12 to 53
scoters were observed flying west over Brownlow Lagoon in late June and early
July of 1979 and 1980; 200 adults (mostly males) fed and rested in Simpson
Cove on 30 June 1982 (Spindler and Miller 1983). Surf scoters seemn to occur
regularly at Beaufort Lagoon where Andersson (1973) recorded 980 drakes
foraging in the lagoon on 28 June and saw flocks of 50 to 100 passing
northwest past Nuvagapak Point at the end of June 1970. Inland, 1 surf scoter
was observed on 19 June and 3 flocks of from 25 to 38 birds were seen from 30
June through 15 July on the lake at Niguanak in 1985. g definite westward
molt-migration of surf scoters was noted in early July 1980 at Canning Delta,
Levison (1980) counted 562 surf scoters flying west or using the lagoons near
or at Nuvagapak Lagoon between 25 June and 4 July 1980. Johnson and
Richardson (1981) noted 906 westbound and 22 eastbound surf scoters flying
past Simpson Lagoon during July 1978,

In 1978-1980, mid-summer densities of surf scoters on the ANWR coastal lagoons
were estimated during aerial surveys at 0.24 to 0.31 birds/km? in late July
and early August, and 0.07/km? during early September in the transects Just
south of the barrier island chain. Male surf scoters were the identirfiable
and abundant scoter on the ANWR coast during lagoon surveys from 1982 to
1985. Mean scoter numbers (Fig. 29) fluctuated weekly from 274-595 with no
clear trend from late July to August.

Following the mid-summer molt period, surf scoters were not observed returning
€astward in the same numbers in whioh they were seen wigrating westward prior
to the molt. Some surf scoters possibly migrated farther offshore or some
birds migrated south through passes in the Brooks Range (the same passes used
during Spring wigration) and then down the Yukon River drainage (Johnson et
al. 1975).  Salter (1974) observed 35 supf scoters flying south up the
Mackenzie Valley, Northwest Territories between ¢ September and 10 OQctober
1974,

WHITE-WINGED SCOTER - Uncommon coastal migrant and summer resident along the
Beaufort Sea coast of ANWR; possible breeder near inland lakes. The specié$
is a common breeder in the upper Yukon and Porcupine Valleys (Johnson et ale
1975), an uncommon breeder near eastern Brooks Range lakes and a migrant an
summer  resident in the coastal lagoons of ANWR. White-winged scoters maY

arrive in the ANWR coastal region from the west, since eastward movements Were,
noted past Nunaluk Spit and Clarence Lagoon, Yukon Territory in early Juné 3
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1975 (Johnson et al. 1975), and past Canning Delta in early June 1979-1980.
girds also may arrive from the south, following rivers and passes through the
mooks Range and then eastward along the Beaufort Coast (Bent 1925)., First
prival dates along the Beaufort coast of ANWR have been 1 June (Canning
pelta, 1979), 3 June (Sadlerochit, 1684 and 1985), 5 June (Canning Delta,
1980), 6 June (Komakuk Beach, 1975), 8 June (Beaufort Lagoon, 1980), and 13
june (Demarcation Point, 1914) (Johnson et al. 1975, Burgess 1980, Levison
1980 Martin and Moitoret 1981) .

Most late June and July observations of white-winged scoters are of singles or
flocks of 2 to 6 birds resting in lagoons or flying west. Levison (1980)
observed groups of 2 to 72 from wid-June through late August 1980 at Beaufort
Lagoon. In 1985, small flocks were seen flying south and southeast as far
inland as Jago Bitty on 15 and 18 June. On 2 July, 4 were observed with a
flock of 38 surf scoters on the lake at Niguanak bird camp. On 10 July 1979,
a count of 100-150 was made at Brownlow Point. The wmaximum number of
wnite-winged scoters seen in coastal aerial surveys was 45 birds in the
nearshore transects between Brownlow Point and Demarcation Bay on 12 July
1980. Because white-winged scoters are not readily identifiable from other
scoters during lagoon surveys, little information 1is available on this
species. Johnson et al. (1975) stated that "there is little evidence that
white-winged scoters actually molt along the Beaufort Sea coast." It is
suspected that the migration seen along the Beaufort Sea coast occurs prior
to their departure for molting areas farther south.

White-winged scoters apparently leave the Beaufort Sea earlier than surf
scoters, and possibly as early as mid August (Johnson et al. 1975). Since
more westbound molt-migrants were seen passing Nunaluk Spit in June-July than
returning eastward as wigrants in August, (Gabrielson and Lincoln 1959),
Johnson et al. (1975) speculated that they may "fly directly south through the
river passes in the Brooks Range and then to the Pacific coast via the Yukon
river drainage." Fall observations of white-winged scoters “on ANWR are
Insufficient to determine direction of fall migration; drakes and hens were
§g$erved flying in various directions past Brownlow Point from 20-29 August
9.

99!!95_:39&95&@1@_ - Rare spring wmigrant and summer visitant to lagoons and
Coastal wetlands. Two males swam and fed in the ocean near Sadlerochit River
°n 7 June 1984, and Levison (1980) observed 1 bird near Beaufort Lagoon on 17
July 1980, Adjacent to ANWR, Salter et al. (1980) reported a male in breeding
Plunage on 26 June 1975 at Clarence Lagoon, 10 km east of the Canadian
bmﬁep. Common goldeneyes have also been recorded in wetlands along
north-flowing rivers in the Brooks Range (e.g. Hulahula River).

§g§¥9ﬂ__mgig§g§gg. Casual summer visitor. The only records of common

M‘iirsers on the ANWR coastal plain occurred in the northern-most foothills

the Je Brooks Range in 1985. On 10 June a drake merganser flew north along
, 880 River near Jago Bitty and a hen was observed swimming in Okpirourak
€€k on 1 July.

RED-
1 D BREASTED MERGANSER  Uncommon breeder along rivers of the foothills and

and coastal plain; rare breeder along coastal river areas; fairly common
stal migrant. Initial spring migration routes into the Beaufort Sea area
hot known, but Salter et al. (1974) suggested a possible migration down
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the Mackenzie Riner Valley, thence westward along the coast. The earliest
ANWR observation was of 4 birds at Sadlerochit Springs on 22 May 1978,
red-breasted mergansers were subsequently seen regularly along Sadlerochit
River from the Springs to within 15 km of the coast (Robus 1979). Singles,
pairs, and groups were observed on the river by Aichilik camp from first week
of June through mid-August in 1983 and 1985. Along the coast, pairs and small
groups (primarily females or sub-adults) were seen in the Sadlerochit area,
flying and swimming along the river and in the lagoon, from 5 June - 18 July
in 1984 and from 8 June - 14 August in 1985. The species was seen regularly
in late-June and July at Canning Delta in 1979 and 1980 and at Jago Delta in
1984, Ten mergansers were observed in Brownlow Lagoon on 10 July 1980; most
sightings at Jago Delta occurred in ponds of Flooded habitat and along the

»iver,

Fyvidence of breeding on the ANWR coastal plain includes 3 birds accompanying a
brood of G at Demarcation Bay on 7 August 1978, a brood on the Canning River
inland coastal plain (Valkenburg et al. 1972), and a hen with 3 young on the
Staines River at Canning Delta. A hen with brood on the Sadlerochit delta was
seen on 13-14 August 1985. Nest sites are usually on the shore of a river or
lake, and concealed in brush or driftwood (Godfrey 1966).

A predominantly westbound molt-migration was noted past Nunaluk Spit, Yukon
Territory between 10 July and 13 August 1672 (Gollop and Davis 1974b). Martin
and Moitoret (1981) reported a late-August influx of mergansers on the
Beaufort Sea and lagoon shores near Canning Delta. Most birds appeared to be
males, with at least a few mergansers spending their wing molt period along
the Beaufort Sea and lagoon shores, fishing or loafing along the barrier spits
and 1islands. Seasonal occurrence of red-breasted mergansers in coastal
lagoons increased in late-July and reached a peak of 0.70 birds/km? on 5
September 1978, and 0.18 birds/km2 on 20 August 1980. Groups of 30 and 50
were counted during aerial surveys in mid-August at Tapkaurak Lagoon in 1982
and Simpson Cove in 1983, respectively.

NORTHERN HARRIER - Uncommon to rare visitor to the coastal plain. Kessel and
Gibson (1978) termed this species a "rare migrant, summer visitant, and
possible breeder in the Brooks Range and northern foothills." Evidence for
breeding on the coastal plain in Alaska was slight: a defensive pair was
observed at the Sagavanirktok/Lupine River area on 31 July 1975 (Kessel and
Gibson 1978). Salter et al. (1980) called this species an "uncommon visitor"
to the Yukon coastal plain and reported no nesting. Harriers were
infrequently observed as single birds at all study locations from 1982-1985-
Two pairs were observed north of camp at Marsh Creek during the spring an
sumner, and 1 pair was observed at Jago Bitty during June and early Julyi
however, no evidence of breeding was found. Harriers were also observed é
Beaufort Lagoon in 1970 (Andersson 1973) and 1980 (Levison 1980), sadlerochit
Sprines in 1979 (Robus 1979), and at Canning Delta in 1979.

. . . . e
GOSHEWK - Rare summer visitant to foothills of inland coastal plain. g;e

2dult was seen at Sadlerochit Springs on 20 May 1079 (Robus 1979) . e
species occurred as an uncommon summer resident at Mancha Creek at th
northerly limit of tree growth in ANWR, and it is likely that individuals nay
occasionallv venture out onto the north slope. Irving (1960) reported Sever?
roshawks at Anaktuvuk Pass west of ANWR, several km beyond tree-li”edra
1054-1956, and speculated that they may have wandered out onto the tuf

because of an abundance of ptarmigan.
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ROUGH-LEGGED HAWK - Uncommon inland summer resident and breeder along river
bluffs and near steep foothill slopes; rare coastal breeder. Earliest records
were of single adults seen on 14, 18, and 20 May 1979 at Demarcation Point
(Burgess 1980). Spindler observed 2 adults at Okpilak Delta on 4 June 1978.

One individual was seen at Canning Delta on 9 June 1980. One adult was seen
at its nest near Eagle Creek in wmid-April 1975 (D. Roseneau pers. comm.).
Most records for the study area are for early summer. Presence of

rough-legged hawks on the coastal plain varied considerably among years.
Martin (1980) noted 4 sightings in the Beaufort Lagoon vicinity in July 1976,
but none for the same month in 1974. He felt this difference was caused by an
abundance of lemmings (Lemmus sibericus and Dicrostonyx torguatus) in the area
in 1976. A pair of rough-legged hawks attempted to nest atop a collapsed
steel tower (approximately 3 m off the ground) at Beaufort lagoon in 1985. &
pair also nested atop a mound in flat open tundra at Okpilak in 1982. Nesting
areas on the ANWR coastal plain and foothills were documented by Roseneau

(1974): "The species has commonly nested in the Canning drainage, the Shublik
and Sadlerochit Mountain areas and along the northern edge of the Brooks
Range between the Jago River and the Alaskan border. Some nesting has

occurred along the high dirt/rock bluffs of the Katakturuk River and Marsh
Creek drainages north of the Sadlerochit Mountains and some may occur along
the upper Tamayariak and lower Carter Creek drainages." Roseneau (1974) and
Roseneau et al. (1980) reported a rough-legged hawk nest on the bluffs near
the 300 m contour line along the Katakturuk River in 1973. Robus (1979) found
a nest at Sadlerochit Springs and a probable nest about 2.4-3.2 kn
west-northwest of the springs, where a pair of adults acted defensively on
16-18 June 1979. Single nests were found on Katakturuk Bluffs in 1983 and
1985, and 6 nests were found along a 5.5 mile section of Igilatvik Creek near
the Jago Bitty camp in 1985; 7 pairs of hawks were observed and at least 2
nests fledged young. Intensive surveys in ANWR north of the continental
divide in 1973 indicated about 20 active nests {(Roseneau 1974).

The NPR-A Task Force (1978) reported the range of nesting dates as 15 May to
21 July, brood rearing dates as 15 June to 21 August, and fledging dates as
31 July to 30 August (Table 15).

Table 15. General chronology of raptor nesting on the north slope of Alaska.
Dates given are approximate for each species (Data from NPR-A Task
Force 1978).

Species Arrival Nesting Brood Fledging
rearing
Peregrine 21 April 15 May 15 June 31 July
to 7 May to 21 July to 21 Aug to 30 Aug
Gyrfaleon Resident 1 April 1 May 21 June
to 30 June to 15 Aug to 15 Aug
Rough-legged hawk 21 April 15 May 15 June 31 July
q to 7 May to 21 July to 21 Aug to 30 Aug
Olden eagle 1 April 1 May 7 June
Sn to 15 May to 30 June to 30 Aug
oWy owl 15 May 21 June 15 Aug
Sh to 7 June to 4 Aug on
Ort-eared owl 7 June 7 July 15 Aug
to 7 July to 21 Aug on
\\
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GOLDEN EAGLE - Uncommon to fairly common summer and fall resident; probable
rare breeder in foothills of inland coastal plain. Golden eagles were commor
summer visitants to the coastal plain in years when calving and post—oalving
caribou were present in the area. Roseneau (1974) reported 33 subadults oyt
of 35 total birds observed on the coastal plain between the Tamayariak and
Egaksrak Rivers. Mauer (1985) found 89% of 192 age-identifiable eagle
observations in 1984 were of subadult birds. Many of these subadults using
the coastal plain in June and early July were utilizing carrion from dead
caribou adults and calves, as well as preying on 1live calves (Roseneau ang
Curatolo 1976, Mauer 1985). Observed locations of subadult golden eagleg
shifted eastward as the Porcupine caribou herd migrated into Canada (Figs. 39
and 40), but it is not known if individual birds actually followed the cariboy
(Mauer 1985).

Golden eagles were 1 of the more abundant cliff-nesting raptors in the Brooks
Range portion of ANWR (Fig. 41) (Roseneau 1974, Spindler 1979b, Mauer 1985),
On the ANWR coastal plain study area, nesting sites were documented on bluffs
near the 300 m contour line along the Katakturuk River (Roseneau 1974,

Roseneau et al. 1980). Adjacent to ANWR, nesting was reported in suitable
river cliff terrain on the Yukon coastal plain (Salter et al. 1980) and in
NPR-A (NPR-A Task Force 1978).

AMERICAN KESTREL - Casual summer visitor to the ANWR coastal plain. This
species nested in low numbers south of the continental divide in the Brooks
Range (Spindler et al. 1980), and was documented on the ANWR coastal plain on
3 occasions: 1 was seen at Demarcation Point in 1978 (Burgess 1980), 1 was
observed at Beaufort Lagoon in late May 1980 (Levison 1980), and a male was
seen at Brownlow Point on 27 May 1980 using the DEW-line buildings as shelter
and feeding on snow buntings. An adult female was observed at Sadlerochit
Springs on 5 June 1976 (D. Roseneau pers. comm.) .

MERLIN - Rare coastal spring and summer visitant; possible rare breeder in
foothills of inland coastal plain. Merlins nest along the Kongakut River in
the Brooks Range, near and upstream from Mt. Greenough (M. Spindler pers. com.
data, P. Martin pers. com.). Reynolds (1974 as cited by Roseneau 1974)
observed a merlin in the upper Canning drainage.

Occurrence on the ANWR coastal plain has been documented 7 times: P. Martin
(pers. com.) observed 1 bird near Nuvagapak Point on 11 July 1976, Spindler
(1978c) observed an adult perched on DEW line buildings at Beaufort Lagoon on
23 May 1978, 1 individual was reported by Burgess (1980) at Demarcation point
in 1978, 2 observations of single birds were made at Jago Delta in August
1984, and 2 observations were made at Niguanak in August 1985,

PEREGRINE FALCON - Rare summer resident and possible breeder in cliff and
river bluff terrain of inland coastal plain; uncommon summer visitant and fall
migrant over coastal tundra and lagcons. Peregrine falcons nesting on the
north slope of Alaska arrive at nest sites between 21 April and 7 May, nesting
occurs from about 15 May to 21 July, brood-rearing is from 15 June to 21
August, fledging occurs between 31 July and 30 August (Table 15, NPR-A TaskK
Force 1978). Fall migration is during late August through mid-Septembel
(Levison 1980, Martin and Moitoret 1981) . Routes of migration to and from thé
nesting areas are thought to occur both through the Brooks Range and along thé
Beaufort Sea coast (D. Roseneau pers. comm.) .
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The arctic subspecies of peregrine falcon (Falco peregrines tundrius) which
inhabits the north slope of Alaska underwent a drastic population decline
begﬂming in the early 1960's as a result of pesticide contamination of its
food supply. In 1973, the peregrine falcon was placed on the Endangered
gpecies List (Endangered Species Act of 1973, 16 U.S.C. 1531-1543). Because
of its endangered status, populations and productivity of peregrines
associated with known areas of relative abundance (Colville and Sagavanirktok
pivers) are well documented by annual or biannual surveys (Ambrose et al. in
p,.es,s,). Other areas known to have smaller populations of nesting peregrines
(such as the ANWR) were surveyed less frequently (Roseneau 1974, Roseneau and
Bente 1980, Amaral and Benfield 1985). During the mid-~1970's the arctic
pepegrine falcon populations nesting in northern Alaska reached their lowest
level, approximately 35% of historical levels (Ambrose et al. in press). Over
the past 10 years, peregrine populations associated with major areas of
mmﬂuctivity (Colville and Sagavanirktok Rivers) have gradually increased to
historic levels (Ambrose et al. in press). In areas where smaller populations
of peregrines were known historically, numbers remain well below recovery
levels (Ambrose et al. in press).

Table 16. Evaluation of north slope river drainages in ANWR as potential and
known peregrine falcon nesting habitat (Source: Roseneau et al.
1980) .

Habitat Number of Potential habitat
River drainage rating?@ nesting locations

Kavik 2 1 reported small portion headwaters
and near 610 m elev.

Canning 6-7 3 confirmed Between 69° 37' and
3 reported 69°929' N, Upper

drainage, between
69021' and 69°00'N
below 762 m elev. Best
locations are generally
at tributary valley
entrances.

Tamayariak 2

Katakturuk 2-3 1 reported Upper drainage,
primarily the west fork
between 244 and 610 m
elev.

Marsh Creek 2-3 Upper main drainage
between 305 and 610 m
elev.

Carter Creek > Lower 4.8 - 6.4 km.
SadleFOChit -5 1 confirmed Between 274 and 762 m
elev., but centered in

upper reaches and
Sadlerochit Springs area.
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Table 16. Continued.

Habitat Number of Potential habitat
River drainage rating@ nesting locations
Hulahula 2-3 1 reported Kingak Hill viecinity or

Kikiktat Mountain
vieinity.

Okpilak 2
Jago 2-3 2 reported VABM Bitty vicinity
Marie Mountain vicinity
Aichilik 3-4 2 reported Primarily between
69°29' and 69°20' N.
Egaksrak 3-4 - Primarily between
69 35' and 69 25' N.
Ekaluakat 2-3 - Headwaters area
Siksikpalak 1 -- --
Kongakut 5-6 3 reported Primarily between
69 34' and 69 00' N.
Clarence 2-3 - Between 69°29' N and
(Alaskan portion) U.S.-Canadian Border.

dHabitat was rated on a scale of 1-10: 1l=very poor, &5-6=fair,
10=excellent. Classifications were made on the basis of the total
drainage. Even though a drainage may have a few potential nesting
locations, its overall rating mav be quite low.

In the northern portion of ANWR, surveys conducted during 1972-1973 identified

3 active nests among 20 historical or suspected historical sites (Table 16
(Roseneau 1974, Roseneau et al. 1976) . Surveys in 1980 found no nesting
activity (Roseneau et al. 1980). 1In 1984, 1 pair of peregrines was observed
at a historical nest site on the Canning River, but did not produce young
(Amaral and Benfield 1985). In 1985, an active nest was recorded on the
Aichilik River south of the study area (M. Amaral pers. comm.). A singlé
beregrine was also observed in 1985 at bluffs on the Jago River near vABH
Bitty, within the study area (M. Amaral pers. comm.). Based on recent survey
results there are slight indications of peregrines re-establishing historical
nest sites within ANWR. This trend is expected to continue, as productiVity

in the prime habitats west of the refuge reaches former levels (Ambrose et al
in press).

~—

Observations of non-nesting peregrine falcons in the ANWR study area are
fairly common. Peregrines were seen during June and July at Canning Delta lr
1979 and 1980, at Sadlerochit Springs in 1974 (Roseneau 1974), on Barte
Island in 1976 (D. Roseneau pers. comm.), at Jago Bitty in 1982, and 2
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okpilak, Jago Delta, Sadlerochit, and Niguanak in 1985. August and September
observations were made at Demarcation Point in 1979 (Burgess 1980);
Smﬂerochit Springs and 10 km inland along Sadlerochit River in 1979 (Robus
1979); Flaxman Lagoon, Brownlow Point, and the West Branch site at Canning
pelta in 1979 (Martin and Moitoret 1981); and at Niguanak, Sadlerochit, and
Jago Delta in 1985.

In August-September 1980, Levison (1980) reported a fall movement of
peregrines past Beaufort Lagoon and Pingokraluk Foint; 14 definite peregrine
falcons, including 7 immature birds, plus 10 falcon spp. were observed between
18 August and 3 September (Table 17). Salter et al. (1980) observed a fall
movement of several birds along the Yukon Beaufort Sea coast, the latest of
which was at Shingle Point on 17 September .

August-September sightings suggest an easterly coastal movement of peregrine
faleons. The number of records far exceeds that which would be expected if
only the small breeding population in ANWR were involved, so it is likely that
some of these birds are from breeding areas farther west. D. Roseneau (pers.
comm.) suggested that such a coastal migration corridor would be important for
peregrines because they follow the pathway of their prey base consisting of
fall migrating shorebirds and waterfowl.

Table 17. Peregrine falcon and falcon spp. observations made during migration
watches at Beaufort Lagoon and Pingokraluk Point, 15 August-4
September 1980 (Source: J. Levison and D. Blomstrom 1980 cited 1in
Spindler 1981d) .

Date Number/identity, activity, and location
18 August 1 Falcon spp., hunting over tundra, Egaksrak Lagoon.
20 August 1 Peregrine falcon, adult, flying near Arey Island.
23 August 1 Peregrine falcon, imm., flying S over Beaufort Lagoon DEW.
24 August 3 Falcon spp., flying past Beaufort Lagoon DEW.
2 Peregrine falcon, imm., flying past Beaufort Lagoon DEW,
seemed like hunting in area for few hours then flying S.
2 Falcon spp., flying SE past Beaufort Lagoon DEW.
1 Peregrine falcon, flying E past Beaufort Lagoon DEW.
25 August 1 Peregrine falcon, imm, hunting over tundra near Beaufort
Lagoon DEW.
26 August Between noon and 6 p.m. Pingokraluk Pt.
1 Peregrine falcon, adult, flying, direction unspecified.
1 Peregrine falcon, imm., flying NW.
27 August 1 Peregrine falcon, imm., Beaufort Lagoon DEW.
1 Peregrine falcon, ad., flying west Beaufort Lagoon DEW.
28 August 1 Peregrine falcon, ad., hunting snow buntings at Beaufort
Lagoon DEW.
2 1 Falcon spp., flying E along Siku Lagoon.
Rugust 1 Peregrine falcon, adult, hunting near Pingokraluk Pt.,
30 direction unspec.
Rugust Falcon spp., migrating by Pingokraluk Pt. direction unspec.
31 Rugust Peregrine falcon, imm., by Pingokraluk Pt. direction unspec.
September Peregrine falcon, by Pingokraluk Pt. direction unspec.

Falcon spp., by Pingokraluk Pt. direction unspec.
Falcon spp. hunting over tundra Pingokraluk Pt.

=

3 September
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GYRFALCON - Uncommon permanent resident nesting on cliffs, outcrops and river
'''''''' errain of inland coastal plain; rare coastal visitant. Gyrfalcons nest
earlier than other raptor species on the ANWR coastal plain (Table 15). The
reportecd range of nesting dates on NPR-A was 1 April to 30 June, brood rearing
dates were 1 May to 15 August, and fledging dates were 21 June to 15 August
{NPR-A Task Force 1978).

Roseneau (1974) reported 12 active eyries in the ANWR north of the continental
divide near the following locations in 1972-1973: Red Hill near the Canning
River, Sadlerochit Springs and other areas in the Sadlerochit Mountains, the
eastern Shublik Mountains, the Canning drainage south of Cache Creek, the Jago
River eastward to the Alaska-Canada border (and extending into Canada along
the northern edge of the British Mountains), and the interior coastal plain
and foothill bluffs such as VABM Atte, Hula, Nob, Gwen, and Dar. The Yukon
north slope had 22 total nest sites of which 10 were known active sites in
1973, U4 were active sites in 1974, 2 were active sites in 1975, and 6 were
active sites in 1976 (Salter et al. 1980).

On the outer coastal plain most of the observations were apparently of hunting
or migrating birds. Gyrfalcons were rare summer visitants at Aichilik,
Katakturuk, and Marsh Creek, and rare fall' visitants at Sadlerochit, Marsh
Creex, Niguanak, and Jago Bitty. Several of these observations involved
gyrfalcons in pursuit of ptarmigan. No gyrfalcons were seen at bird study
sites in 1982-1984. Observations were also made at Demarcation Point in 1979
(Burgess 1980), near Pokok Lagoon in 1970 (Andersson 1973), on Canning Delta
in 1979 and 1980, and on the Sadlerochit River 10 km inland in 1980 (Robus

1679).

WILLOW PTARMIGAN - Fairly common to common inland resident and breeder;
uncommcn  coastal resident and breeder, decreasing in abundance northward in
proximity to the coast wherever dwarf shrubs become scare. In April and
mid-May a general northward migration of willow ptarmigan was observed through
ANWR, with flocks of several thousand seen flying from the Brooks Range north
toward the coastal plain (M. Spindler pers. comm.). Irving (1960),
summarizing Eskimo reports and his own observations from Anaktuvuk Pass, found
that the northward movement began in February and lasted until late May and
that there were 2 '"waves": 1 before the end of March and the other after the
end of March. Willow ptarmigan arrived on the outer coastal plain in mid to
late-May (Spindler 1978a, Robus 1979, Burgess 1980). Observations of Brooks
(1915) and Martin and Moitoret (1981) suggested that some willow ptarmigan
appear earliest in the coastal areas because wind-swept bluffs initially
provide easier foraging than the low-lying, wind-drifted, riparian willoW
thickets of the interior coastal plain.

Preferred breeding habitat for ptarmigan on the north slope was fl?t
tussock-heath tundra with small patches of dwarf shrub or tall shrub if
available (Spindler 1978a, Salter et al. 1980). Hatching generally occurred
n late June or early July. Mests were well concealed among sedges, tussocks:
or low willows. Martin and Moitoret (1981) noted flocking of this species ?t
Canning Delta in late August 1979. Such behavior was not noted there if
1980. Intense flocking (several hundred) was observed in low willow thicke®S
along the Kavik River on the interior coastal plain west of ANWR, on 10 August
1981 (Spindler 1981b). Trving (1960) observed southward movement of willo¥
ptarmigan through Anaktuvuk Pass beginning about 1 October which was not a3
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large as the northward movement in spring. Weeden (1964) indicated that there
was sexual and spatial segregation of willow ptarmigan on the wintering
pabitat, with males more prevalent in alpine habitats and females more
prevalent in the forested habitats. Porsild (1943) said that willow ptarmigan
flocked in single-sex groups in winter in the Mackenzie River delta, Northwest
Territories. These data suggested that mostly males winter on the ANWR
coastal plain, but wintering status of ptarmigan species on ANWR is unknown.
M. and E. Simms of Kaktovik (pers. comm.) reported willow ptarmigan are the
most frequently seen and hunted ptarmigan species near Barter Island in
mid-winter, however, mid-winter populations are very low compared to those in
April to August.

b

ROCK PTARMIGAN - Common year-round resident and breeder on inland coas
plain; common coastal breeder, rare coastal winter resident. Jery sm
numbers were present in mid-winter near Barter Island (M. and E. Simms pe
comm.). Irving (1960) and Weeden (1964) stated that rock ptarmigan apparent
did not undertake the large scale 1long distance migrations as did will
ptarmigan.
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Rock ptarmigan were observed inland along the Sadlerochit River on 11 May 1079
(Robus 1979), and by the coast at Demarcation Point on 19 Mav 1379 (Burgess
1980). The species was seen at Canning Delta by the third week of May 1979
and 1980, and was most often seen in late May on wind-swept coastal or lake
shore bluffs. Rock ptarmigan were generally more common in drier upland and
Riparian habitats during the breeding season. Nests were difficult to locate
as a result of excellent camouflage, cryptic eggs, and reluctance of females
to flush. Hatching was observed in late June and early July. Females with
broods were seen in Riparian, Tussock, or Moist Sedge-Shrub habitats. Rock
ptarmigan appeared to be more common than willow ptarmigan at coastal sites
and about equal in numbers at inland sites.

Martin and Moitoret (1981) observed post-breeding flocking at Canning Delta
the first week of August: "by the end of August, flocks were zsometimes quite

large with groups of 35-50 seen 26-30 August 1979 and 1980." August flocking
was also observed at inland sites from 1982-1985, but the subsequent movement
and wintering areas of these post-breeding flocks is unknown. Weeden (1964)

hoted that the build-up of rock ptarmigan in wintering habitat east of
Fairbanks occurred at or below the lower altitudinal limit of their nesting
range in timberline areas in late October and November. Winter movements were
lar‘gely nomadic, perhaps affected by food supply, weather, roosting conditions
and predation. Spatial and habitat segregation of rock ptarmigan sexes
OCcurred: females mostly used areas below timberline and males mostly used
areas at or above timberline (Weeden 1964).

SANDHILL CRANE - Rare breeder and uncommon summer resident on outer coastal
Plaln; rare inland spring migrant. Cranes arrived on the outer coastal plain
1n late May to early June, where they were often seen feeding in Flocded cor

Wet Sedge habitats. Spindler (1978a) suspected breeding at Okpilak in 1677,
after finding a weathered crane egg-shell in 1978. 1In the Beaufort Lagoon
area, groups of 2-4 were seen in 1970, 1974, 1076, and 1980 in late June and
July (andersson 1973, Levison 1980, P. Martin pers. comm.). Robus (1979)
Observed 1 bird flying east across the Sadlerochit River 8 km south of the
Coast on 3 July 1979. Cranes were seen at Demarcation Point in 1978 and 1979,
and at 1east 1 pair bred there in 1979 (Burgess 1980). A pair of cranes was
Seen on the west side of Demarcation Bay on 4 August 1981 (Spindler 1981b).
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Martin and Moitoret (1981) obtained 9 records for the species on Canning Deltg
from 3-30 June 1980; most observations were of 1 or 2 birds flying, but sope
birds were 1in Wet Sedge tundra or Wet Saline tundra. The regularity apg
breeding status of the species on ANWR may be unique to the Alaska and Yukon
Territory north slope, since records are sparse to the west (Sage 1974,
Derksen et al. 1981). Despite fairly frequent observations, no breeding wag
confirmed east of the ANWR study area (Salter et al. 1980). Fall migration ig
probably to the east, since an easterly migration was observed on the Yukon
Territory north slope (Salter et al. 1980).

BLACK-BELLIED PLOVER - Rare breeder, uncommon spring wmigrant, and fairly
common fall migrant across outer coastal plain; rare 1inland wmigrant,
Black-bellied plovers do not breed in high densities nor do they migrate ip
large flocks (Bent 1929). Only 2 nesting accounts exist for the ANWR coastal
plain: at Canning Delta in 1980, and in Flooded habitat at Jago Delta in 1984
(hatched 14 July). Spring migration, during early June, consisted of single
or paired individuals flying through or stopping to forage 1in Mosaic, Wet
Sedge, and Flooded habitats. Subsequent sightings were rare until mid-August
when flocks of 4-42 adult birds passed across coastal peripheries and foraged
along mudflats and gravel or mud bars. By late August, most flocks were
comprised of Jjuvenile birds.

LESSER GOLDEN-PLOYEB - Fairly common breeder on ANWR coastal plain; common to
abundant fall migrant on outer coastal plain. Spring migration into ANWR
probably occurs from west to east, since all flocks observed passing the
Okpilak Delta in early June were flying east (Spindler 1978a). Earliest
arrival date on ANWR was 26 May 1979 and 1980 at Canning Delta, and the same
date in 1979 at Demarcation Point (Burgess 1980). Nests were found in frost
scars, boils, and similarly exposed areas in Tussock, Moist Sedge-Shrub,
Riparian (especially Dryas river terraces), Mosaic, and Moist Sedge habitats
(Figs. 21, 17, 3, 12, 15).

Hatching began on 17 and 19 July 1979, and 10 July 1980 at nests monitored at
Canning Delta. First hatching generally occurred during the first week in
July from 1982-1985. Most nests hatched in mid-July and some nests hatched as
late as early August. Habitat use by golden-plovers changed between the
nesting and brood rearing period: upland tundra (Moist Sedge-Shrub, Tussock,
and Moist Sedge) was used early in the season for nesting and foraging, Juné
through mid-July, whereas adults accompanied by broods frequented Wet Sedge,
Riparian, and Flooded tundra after early to mid-July (Figs.3, 6, 10, 15, 17
21). Lowland wet tundra types at Canning Delta were used also by fall
migrating adults in wid-July and a second peak of migrant juveniles 1in
mid-August. Flocks ranging in size from 3 to 27 birds were seen heading east
and northeast from inland areas and east from coastal areas.

Fall migration out of the study area was eastward. A steady stream of
eastward migrating birds was seen flving past the Beaufort Lacoon area between
20-25 July and again between 11-24 August 1980 (Levison 1G80). Salter et al-
(1980) noted eastward fall migration past the Yukon north slope. The latest
record of the species in ANWR is 5 September 1980 (Martin and Moitoret 1981) -

SEMIPALMATED PLOVER - Rare coastal breeder and summer visitant; rare bfeedeg
inland. Semipalmated plovers were closelv tied to gravel bars and Drya=
terraces on the coastal plain. Nests consisted of scrapes on bare ground an

were found on Dryas terraces, along bluffs (at Katakturuk), on river panks
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d on gravel bars. Hatching took place during the last week in June and the

an .
rst 2 weeks in July.

fi

KILLDEER Casual summer visitant to ANWR coastal plain. Wiggs and Warren (as
m Magoun and Robus 1977) observed a killdeer on Barter Island in early
June 1977 . Recorded as a casual spring migrant at Barrow and Umiat (Kessel
and Gibson 1978) and very rare summer visitor on the Yukon north slope (Salter

et al- 1980) .

FURASIAN DOTTEREL - Casual summer visitant to outer coastal plain. Andersson
—'—l .
(1973) recorded 1 dotterel at Nuvagapak Point near Beaufort Lagoon on 19 June

1970 .

LESSER YELLOWLEGS - Casual coastal migrant. One individual was sighted on
coastal mudflats south of Barter Island on 26 June 1978 (Spindler 1978a).
Magoun and Robus (1977) observed the M"very uncommon" lesser yellowlegs 1in
coastal vegetated mudflats and Moist Sedge terrains. No sightings have been
peported on the ANWR coastal plain since 1978.

WANDERING TATTLER - Uncommon inland breeder. Wandering tattlers were observed
exclusively along foothill rivers of the western ANWR coastal plain. The
carliest sighting was 6 June 1985 at Marsh Creek, where on 8 July, 3 adults
with at least 3 chicks were sighted in Riparian habitat. Adults utilized
river banks and Dryas terraces at Katakturuk River, 24-34 km upstream from the
camp site on 21-24 July 1983 . This evidence suggested that wandering tattlers
nested in higher densities along foothill and alpine streams of the Brooks
Range. No observations were made east of Marsh Creek.

SPOTTED SANDPIPER - Uncommon inland breeder. Spotted sandpipers utilized
Riparian habitat along the western foothills of the ANWR coastal plain.
Infrequent sightings were made during June and July at the Marsh Creek,
Katakturuk, and Jago Bitty bird camps. However, 16-34 km upstream from
Katakturuk camp, over 15 individuals were observed in Riparian areas between
14 and 20 July 1983, suggesting that spotted sandpipers were more abundant in
the extensive foothills or alpine tundra areas. One nest was observed in
Riparian habitat at Marsh Creek, and the chicks were first seen on 24 July.
Two spotted sandpipers were seen at Sadlerochit Springs on 14 and 16 August
(Magoun and Robus 1977). The only observation east of the Jago River was at
Aichilik on 5 June 198L4.

UPLAND SANDPIPER - Locally uncommon breeder of inland foothills. Nests,
Young, or territorial and defensive behavior during the breeding season Wwere
reported from mid to upper Kongakut River, Aichilik River, and Marsh Fork and
Canning River (Kessel and Gibson 1978).

‘;HIM& - Rare inland breeder; uncommon visitant over entire coastal plain.
eSting whimbrels were observed exclusively at inland foothill locations. A

i;ngle nest, initiated between 10 and 15 June 1985, was located on a hummock
sizwet Sedge at Aichilik bird camp. The nest contained 2 eggs of disparate
‘¢, and was probably a renest, as 4 eggs are normally 1laid (Bent 1927).
d?;zks @ere observed on 20 July, which closely corresponded to dates of adult
probpaCthn displays at Jago Bitty and Katakturuk, indicating that whimbrels
indiat-)ly bred at these inland foothill locations as well. Flocks of 3-18
viduals foraged in a variety of habitats at Aichilik during July 1984 and
5. Whimbrels were most commonly observed flying overhead or foraging in
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groups of 1 to 17 in wmesic habitats across coastal areas during July,
However, dates of observation at Canning Delta ranged from 6 June to 20 August
in 1979.

BLACK-TAILED GODWIT - Accidental migrant. One Jjuvenile black-tailed godwit,
flying east with a flock of long-billed dowitchers, was observed at Jago Delta
on 27 August 1985.

HUDSONIAN GODWIT - Casual visitant. One was seen at Canning Delta on 5 July
1980. This 1is the only record on the Alaska Beaufort Sea coast, east of
Barrcw {Kessel and Gibson 1978).

BAR-TAILED GODWIT - Rare spring and fall migrant across the outer coastal
plain. The majority of bar-tailed godwit sightings were on the western
periphery of ANWR at Canning Delta (Martin and Moitoret 1981). Observations
were recorded on 5 and 14 August 1979, 4, 6, 16, and 29 June 1980; all were
single birds except the 14 August sighting of 2 individuals. One pair and a
single godwit were seen on 11 and 15 June 1984, respectively, at Sadlerochit
bird camp. During the same year, solitary birds were observed at Jago Delta
onn 12 June and 18 August. Most bar-tailed godwits were sighted in flight; the
few on the ground were recorded in Wet Sedge, Riparian, and mudflat habitats.

RUDDY TURNSTONE - Fairly common breeder. Ruddy turnstones exclusively
utilized Riparian habitat and wudflats across the coastal plain (Fig. 3).
Densities were higher in more northern areas, possibly related to the more
extensive Riparian =zones. Only study sites that included Riparian habitat
reported nesting turnstones. From wintering grounds in Australia (Bent 1929),
the turnstone 1s one of the earliest shorebirds to arrive on the arctic
coastal plain. Martin and Moitoret (1981) saw ruddy turnstones at Canning
Delta on 27 May 1979 and 29 May 1980. Nests were initiated early to mid-June
in sparsely vegetated microsites along gravel bars and barren floodplain
nabitats (Fig. 3). Generally, U4 eggs were laid and hatching occurred in late
June and early July. After hatch, adults attended the chicks in gravel bar
areas or occasionally Moist Sedge and Dryas benches (Fig. 3). Ruddy
turnstones aggressively defended their nest sites and young. They dispersed
from breeding areas in early August, and were infreguently observed alone or
in small groups on coastal mudflats.

RED KNOT - Rare coastal migrant. The only red knots observed on the ANWR
coastal plain were at Canning Delta. One to 4 individuals were sighted on 5
occasions during June of 1979 and 1980, and 2 juveniles fed on the ocean side
of the Brownlow Lagoon barrier islands on 21 August 1980.

SANDERLING - Rare spring and uncommon fall coastal wigrant; casual
breeder. Sparse numbers of spring wigrants passed along the coastal
extremities of ANWR during early June. One or 2 individuals, observed on
occasions in 1980, utilized snowless dunes on the Canning River Delta.
sanderlings were sighted at Okpilak Delta on 2 June 1978, and a flock of
adults {some in molt) foraged along mudflats at Sadlerochit on 6 June 1985-
At the inland Katakturuk bird camp on 14 July 1982, 1 adult in nuptial Dlumage
was observed with 2 chicks in Riparian willow and Dryas terrace habitats; the
nest was suspected as early as 15 June. Sanderlings primarily reproduc€ i
the northern coasts and islands of Canada and Greenland (Scott 1983). Fa

migration counts at Brownlow Point peaked on 28 August 1979 when 32 flew we
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in 7 h of observation, and on 30 August 1980, when 40 flew west in 6 h. Late
gummer shoreline surveys at Jago Delta in 1985 recorded U juveniles on 21

August.

SEMIPALMATED SANDPIPER - Common to abundant breeder and fall migrant.
semipalmated sandpipers were most abundant across the western portion of the
ANWR, especially 1n areas with extensive Riparian habitat. Courtship

activities began soon after their arrival in late May and early June.
Clutches were completed and aerial flight displays were very common during
mid-June. Semipalmated sandpipers nested on relatively dry microsites,
partioularly in Riparian zones, but also in Mosaic and Moist Sedge~Shrub
habitats that were proximate to water courses (Figs. 3, 12, 17). After
hatching in early July, this species utilized Riparian or Flooded habitats
exclusively (Figs. 3, 6).

Semipalmated sandpipers dispersed from inland breeding areas over the latter
weeks of July and numbers increased on coastal mudflats, lagoons, and river
deltas. Early flocks were probably composed of adult females which leave soon
after the broods hatch (Ashkenazie and Safriel 1979), while the larger flocks
that gathered on coastal mudflats during wmid-August were mostly juveniles.
The shifts in habitat use exhibited by semipalmated sandpipers, as well as
overall densities, have been relatively consistent during years that bird
investigations have been conducted on the ANWR coastal plain.

WESTERN SANDPIPER - Casual spring and fairly common fall coastal migrant.
Flocks of 1-13 western sandpipers were observed on 10 occasions from 14-29
August during 1979 and 1980 surveys at Canning Delta. Numbers peaked after
the main movement of semipalmated sandpipers, and utilization was restricted
largely to marine littoral and estuarine habitats. Approximately 400 western
sandpipers foraged with 300 semipalmated sandpipers on the Okpilak coastal
mudflats on 11 August 1985. Flocks of 3-20 westerns, mostly juveniles
associating with semipalmated sandpipers, were observed during late August
1985 at the Jago Delta mudflats. Two mid-August sightings were noted at
Sadlerochit in 1984 and 1985. The only spring migrant was a single bird seen
on 15 June 1979 on the shore of Brownlow Lagoon.

LEAST SANDPIPER - Rare migrant. Spindler (1978a) observed 3 least sandpipers
f‘OI"a-ging in Wet Sedge habitat on 19 June, and 1 individual in Mosaic habitat
on 20 and 23 June 1978, at Okpilak Delta. During 1985, 1 least sandpiper was
Sighted on 21 June in Riparian habitat at the Katakturuk bird camp.

wHITE—RUMPED SANDPTPER - Rare spring migrant and uncommon fall migrant along
Western coastal regions; possible rare breeder. The majority of white-rumped
Sandpiper observations were from surveys at Canning Delta during 1979 and
1980, Groups of 1-3 individuals were seen on U dates between 1 and 10 June in
;’;ﬁh years. Sightings included flight displays and utilization of dunes and
obSShes' A total of U1 fall migrants, as singles or in groups of 2-11, were
€rved between 6 and 18 August 1980; only 1 individual was seen in 1979.
ag:i_sightings were along shoreline transects. Martin and .Moitoret (1981)
inibuteq much of the annual variation to inter-year populatloq differences.
Yeaé ? white-rumped sandpipers were observed at several locations in other
i0h§i' 13 August 1984, Sadlerochit; 10 August 1985, Niguanak; 11 August 1985,
eo&st 1k; .l August 1983 and 12, 27 August 1985, Jago Delta.. Nearly all
iDar?l Sightings were along mudflats, while inland observations were 1in
lan  habitat. Defensive behavior of adult white-rumped sandpipers,
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observed on 17 and 21 July 1978 in coastal vegetated mudflats at Okpilak leg
Spindler (1978a) to conclude that breeding had occurred.

BATRD'S SANDPIPER - Fairly common breeder, uncommon migrant. Baird%~
sandpipers arrived on the ANWR coastal plain in early June, following theip
long migration from the southern regions of South America (Bent 1927). They
were most abundant within Riparian habitats across the foothills and westery |
portions of the refuge (Fig. 3). Their distribution extended south along the

Canning and Hulahula Rivers, into the alpine meadows of the Brooks Range °
(Martin and Moitoret 1981), as well as northward to the coastal deltas apq !
lagoons. Clutches were completed by the latter half of June. Nests were !
located within sparse tufts of grass or near debris in well-drained Siteg
along gravel bars, river banks, and bluffs (Fig. 3). :

After the young hatched in mid-July, familv groups utilized barren ground !
Riparian habitat (Fig. 3). Baird's sandpipers were rare after mid-August, and .
there were no significant observations of flocking. Single juveniles occurred
infrequently along river gravel bars at Jago Delta in late August 1985,

PECTORAL SANDPIPER - Common breeder, abundant fall migrant. Although pectoral
sandpipers displayed broad distribution and utilized all habitat types on the
ANWR coastal plain, 2 interrelated trends were apparent: abundance increased
from foothills to coastal areas, and from drier, upland habitats to lowland
saturated terrains (Figs. 3, 6, 10, 12, 15, 17, 21). Nest densities were
highest in mesic areas such as Wet Sedge, Mosaic, and Flooded habitats (Figs.
6, 10, 12). Utilization of Moist Sedge-Shrub habitat appeared related to the
interspersion of small ponds and/or the proximity of mesic areas.

Pectoral sandpipers arrived on the north slope during late May, following
their migration from southern South America (Bent 1927). Males established
territories upon arrival, and their display flights were observed throughout
June; peak courtship activities ocecurred during mid-June. Clutches of 4 eggs
were usually completed in mid-June, but reported dates ranged from 10 June to
12 July. Males left the breeding grounds soon after mating, and presumably
with unsuccessful females, they comprised the large wave of low-flying flocks
(usually 6-15 individuals) that migrated eastward. across the coastal plain
during the latter half of July.

Pectoral sandpiper density rose sharply in Flooded habitat during the
post-reproductive season (Fig. 6). After hatch, during the first half of
July, family groups congregated in flooded areas. Females aggressively
defended these brooding grounds, often with assemblages of other shorebird
species that attended their young in the area (e.g. semipalmated sandpipers:
long-billed dowitchers, stilt sandpipers, and red-necked phalaropes). Smaller
eastward movements during early August may have consisted of adult femaleSs
initiating migration. Finally, a large surge of juvenile flocks migrated
eastward over the coastal plain during late August. Flock sizes ranged from
5-25 across inland areas while staging groups on coastal mudflats reached UP
to 290 individuals.

SHARP-TATLED SANDPIPER - Casual migrant. A single individual was observed
foraging along the bank of a large inland lake at Niguanak bird camp on e
August 1985. It was temporarily joined by a pectoral sandpiper. There weT

No previous records of sharp-tailed sandpipers on the north slope (Kessel an
Gibson 1978).
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mmLIN - Uncommon coastal breeder; fairly common fall migrant across outer
Egg§€§1 plain. Dunlins arrived in late May; and the only observation of
spring flocking on ANWR was on 6 June when 10 individuals were observed in a
pixed-shorebird flock at Sadlerochit. ANWR may represent the eastern breeding
poundary for dunlins on the north slope (Martin and Moitoret 1981). A total
of 11 nests were located on the Canning, Sadlerochit, and Jago River Deltas,
in Mosaic and Moist Sedge-Shrub habitats. Clutches were completed by
mid-June, and hatching occurred the first week of July. Dunlin observations
were relatively uncommon at locations other than those previously mentioned.
puring August, dunlins gathered along coastal mudflats, pond edges, and stream
channels. The flocks were generally comprised of juveniles foraging with
other small shorebirds. At Jago Delta in late August, flock sizes ranged from
5-50, with a peak of 190 on 30 August 1985,

STILT SANDPIPER - Uncommon to fairly common breeder; fairly common fall
migrant. Stilt sandpipers bred at inland and coastal areas with slightly
higher numbers recorded at the mid-plain thaw lakes area at Niguarak in 1G85,
In all years first observation dates ranged from 1-8 June when single birds,
pairs, and small flocks were seen feeding on coastal wetlands and in Flooded
and Wet Sedge tundra (Figs. 6, 10). With the exception of Canning Delta in
1979 and 1980, nesting stilt sandpipers were only observed at study sites east
of Sadlerochit: Okpilak Delta, Jago Delta, Niguanak, Jage Bitty, and
Aichilik. Male courtship displays appeared to extend through a major portion
of the incubation period at several locations (from 7 June through ¢ July) .
Clutches of 2 to 4 eggs were laid predominantly on small, dry, sedge hummocks
in Wet or Moist Sedge habitat (Figs. 10, 15). Earliest record of flieht
capable young was on 12 July 1983 at Jago Bitty. Observations of hatching or
young chicks ranged from 27 June through approximately 7 July at coastal and
inland sites. Chicks moved with adults into Flooded tundra or wetter portions
of upland habitats soon after hatching where they remained through mid-July.

Aggregations of stilt sandpipers, pectoral sandpipers, long-billed dowitchers,
and lesser golden-plovers with their broods were noted at Niguanak in Flooded
habitat from July through the beginning of August. Stilt sandpipers were
fairly common fall migrants, especially in marine littoral habitat and coastal
wetlands. Most fall observations were of Juveniles feeding singly or with
mixed flocks of shorebirds. Juveniles were seen during 5-13 August 1879 at
Canning Delta. The peak of migration occurred between 8-13 August.

BUFF-BREASTED SANDPIPER - Locally rare to fairly common breeder. Breeding
densities of buff-breasted sandpipers fluctuated locally on coastal plain from
%978 to 1985 and showed annual variation in use of breeding habitats at both
nland and outer coastal locations. At Canning Delta, 6 and 5 nests were
found on river bluffs, Moist Sedge, and sparsely vegetated areas in 1979 and
1980, respectively. Seven nests were discovered at Okpilak from 1978-1983; 3
Were located on high-polygon and upland ridges in 1978, 3 occurred in Flooded
;gd Wet Sedge tundra in 1982, and 1 pair nested in Riparian habitat in 1983.
th Nests were found at this study site in 1985. Hichest nest densities for
sae entire ANWR coastal plain were observed in 1985 when buff-breasted
Sj:dplpers nested at 7 of 8 locations studied, with U4 nests each at 2 coastal
san:S~ and from 1 to U4 nests each at 5 inland locations. Buff-breasted
etwplpers were generally present in small numbers when observers. arrived
Undeen 1-12 June. Males gathered in flocks of 2 to 6 on exposed Moist Sedge

@ and Dryas river terraces where elaborate courtship displays peaked
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during the second week of June (Figs. 3, 15). Although buff-breasteg
sandpipers nested in all habitats in 1978-1985, they predominantly chose Moist
Sedge or Dryas-prostrate shrub microsites near Flooded tundra or rivep
drainages, or near small ponds associated with upland Mosaic and Moist
Sedge-Shrub habitats (Figs. 3, 6, 12, 15, 17). All nests contained clutcheg
of U eggs; at 3 nests where clutch completion and hatch dates were observed,
an incubation period of 23 to 26 days was noted. Young capable of flight were
observed at Aichilik on 13 July 1984, where observed hatching dates rangeq
from 5-20 July. In mid-July, single adults moved with chicks to Ripariap
habitat, snow-melt ponds, and Flooded tundra (Figs. 3, 6). Most adults were
absent by early August and juveniles were infrequently observed singly or in
small flocks along coastal wetlands and by lakes and rivers in early fall,
Latest observation was of a single bird flying near the Okpilak River delta on
18 August 1982.

LONG-BILLED DOWITCHER - Uncommon breeder, fairly common summer resident,
common fall wmigrant. Long-billed dowitchers were most abundant in Flooded
habitats, and utilization of Wet Sedge and Mosaic habitat was less extensive
(Figs. 6, 10, 12). This species arrived on the coastal plain during the first
week in June, a few days later than other breeding shorebirds. Incubation was
initiated in mid-June and nests were observed in Flooded, Wet Sedge, and
Mosaic habitats (Figs. 6, 10, 12). Dowitcher nests were difficult to locate,
but the defensive and agitated behavior of adults, frequently observed during
late June, suggested that breeding pairs were more widespread than nest data
indicated. Adults attended chicks in Flooded habitat where they foraged in
saturated soils around pond peripheries. Adults left the breeding grounds in
small flocks during late July. One month later, large cohesive flocks of
Juveniles surged eastward across the north slope; the largest influxes
occurred along the outer coastal plain.

COMMON SNIPE - Rare summer resident and possible breeder. Common snipe were
infrequently seen or heard in aerial display during June and early July at
varlous locations. Two display sites at Katakturuk in 1983 were associated
with Mosaic tundra in proximity to willow communities. A 1984 display site at
Sadlerochit was also associated with Mosaic habitat. At the Aichilik bird
camp, snipe were heard over Tussock and Moist Sedge-Shrub habitats during June
1984, Other observation areas included inland portions of the Sadlerochit and
Okpilak Rivers, the confluence of Eagle Creek and the Canning River,
Demarcation Point (Martin and Moitoret 1981), Barter 1Island, and Flooded
habitat south of the Niguanak bird camp (Magoun and Robus 1977).

RED—NECKED PHALAROPE - Fairly common breeder. Red-necked phalaropé
distribution was closely associated with Flooded habitat (Fig. 6). Use of Wet
Sedge, Mosaic, and Moist Sedge-Shrub was less frequent, apparently dependent
on the presence of small ponds or troughs (Figs. 10, 12, 17). The smaller
water bodies melted first, and were available for birds arriving in early
June, As  thawing continued, phalaropes dispersed intc areas with more
extensive, permanent lakes and ponds. Courtship began soon after arrival, and
ie2ts were constructed in sedge communities near permanent water. During the
latter half of June, females left the breeding grounds in small groups that
prebably gathered along the coast. Density of females reached 500/km? at
Canning Delta between 25 June and 12 July 1979 and 1980; the staging female€s
diminished by 25 July in both years.

—
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After the first week of July, eggs hatched and the males attended chicks in

saturated sedge communities. Family groups of other shorebird species
congpegated in the wet habitats as well. Such habitats may have afforded the
oung shorebirds optimal food availability and cover from predators. Adults

readily formed aggressive mixed-species flocks in response to intruders.

puring late August, males and juveniles gathered in small flocks and Joined
pigration movements along the coastline. On 6 and 8 September 1983, 16,425
red-necked and red phalaropes were observed within a 400 m wide aerial lagoon
survey transect paralleling the northern coastline of ANWR. Phalaropes used
1ittoral habitat extensively during late summer, and an east-west gradient in
species composition has been reported (Martin and Moitoret 1981). West of
ANWR at Barrow, red-necked phalaropes were rarely observed, while along the
yukon-Beaufort coast to the east, they outnumbered red phalaropes 20:1; more
equal ratios of the phalarope species would be expected along the ANWE coast .

RED PHALAROPE - Fairly common coastal breeder; uncommon inland breeder. Red
phalaropes occurred almost exclusively in Flooded tundra habitat, particularly
in coastal areas (Fig. 6). The largest density of nesting red phalaropes
observed on ANWR was at Canning Delta, the most extensive thaw-lake plain on
the refuge (Martin and Moitoret 1981). Red phalaropes were fairly common
breeders at Okpilak, another area of coastal thaw-lake plain. The few
individuals observed at inland sites were also associated with extensively
flooded areas.

Red phalaropes arrived 1in early June, and their courtship and nesting
activities peaked during the latter half of June. Nest sites were common in
Flooded habitat; however, Mosaic and Wet Sedge habitats were used at Okpilak
in 1982, possibly due to the late spring that kept Flooded areas frozen (Figs.
6, 8, 10, 12). Density of red phalaropes in habitats other than Flcoded was
probably dependent on the presence of small ponds. Like the red-necked
phalaropes, female red phalaropes grouped in small flocks, left the breeding
grounds, and gathered oOn coastal mudflats and lagoons during early July.
Males attended young in Flooded habitats through July, and they dispersed
during the first half of August. The coastal thaw-lake plains of ANWR appear
to be near the eastern limit of the red phalarope's breeding range, and
reported evidence suggests that late summer staging occurs in areas further
west (Connors and Risebrough 1977; Johnson and Richardson 1981, as cited by
Martin and Moitoret 1981).

EQMA&gﬂi_gggggg - Common spring migrant; locally rare to common breeder and
ngmep visitant. Pomarine jaegers were seen as a common eastward spring
Migrant across the coastal plain with peak migration movement during the first
Week of June. They also moved through the eastern Brooks Range from late May
thrOUgh June and apparently timed visits at inland locations with the presence
of migrating caribou concentrations. Pomarine, as well as parasitic and
long-taiied jaegers, remained in these areas through most of June (probably to
feed on caribou calf carcasses, Maher 1974).

Eze relationship between high lemming density and breeding by pomarine jaegers
q S Pegn well documented (Pitelka et al. 1955, Maher 1974). Local breeding
eNsities as high as 7.9/km2 were documented at Barrow (Maher 1974). Until
0f857 the only record of successful breeding by pomarine Jaegers on ANWR was

5 nests in the Beaufort Lagoon area during the high lemming year of 1976
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(Martin 1976, cited in Martin and Moitoret 1981). Only 1 pomarine was sighteq
in the same area in 1974. 1In 1970, and from 1978-1984, pomarines were locally
common spring migrants and summer visitants hunting in pairs or small £roups
over all habitat types. They were generally absent from the study areas by
mid-July, presumably when wmicrotine populations had declined (Anderssop
1973). In 1985, a year of relatively high lemming abundance (Babcock 1976),
pomarine jaegers were common to abundant breeders at wetter inland regionsg
(Niguanak) and fairly common breeders in Flooded tundra along the outer
coastal plain (Jago Delta, Okpilak). Although only 1 nest was located at
Aichilik, pomarines probably bred in low densities along other inland Riparian
areas in 1985 as well. Relatively high numbers of adults with fledged young
were observed along the Niguanak and Tamayariak Rivers in late July when
live-trapping surveys revealed moderate numbers of lemmings and tundra voles
(Microtus oeconomus) (Babcock 1986).

Pomarine nests held clutches of 2 eggs and were located on high, dry hummocks
or polygon ridges in Flooded and Wet Sedge habitats. Hatching dates ranged
from 9-14 July. At Niguanak, adults brought downy chicks from nearby sites to
the lake and smaller Flooded tundra ponds in a conspicuous movement soon
after hatching.

Migrating adults were observed in early August moving and hunting singly or in
small groups over Flooded and Wet Sedge habitats along the coastal plain.
Local juveniles remained with adults in Flooded and Riparian tundra until late
August. A large flock of adults and Jjuveniles congregated at the lake by
Niguanak on 29 and 30 August 1985.

PARASTITIC JAEGER - Rare to uncommon breeder: fairly common summer resident.
Parasitic Jjaegers were generally present as apparent residents on the coastal
plain as singles, pairs, or small groups in early June. Little migrational

movement was detected. As with other jaeger species, parasitics were observed
in small flocks where caribou concentrated in foothills and fed on calf
carcasses through mid-June.

Parasitic jaegers nested in low densities from 1982 to 1985 at coastal and
inland locations. One and 2 nests were located in 1979 and 1980 respectively
at Canning Delta. From 1982 to 1985, single nests were found at the coastal
locations at Okpilak (1982, 1983), Sadlerochit (1983, probable 1984, 1985),
and Jago Delta (1984), and at the inland site at Jago Bitty (1983). Highest
numbers of nests were noted in 1985 at Jago Bitty and Jago Delta (2 and 3
nests respectively). At least 1 to 4 adults were observed hunting at all
tundra bird camp locations from 1982-1985 throughout the breeding season,
indioaéﬁng more breeding pairs may have existed than were observed. Parasitic
Jaegers generally nested on drier sedge or woss hummocks in Wet Sedge and
Moist Sedge habitats and less often in Moist Sedge-Shrub and Flooded tundra
(Fig. 10). During incubation and early brood rearing, parasitic jaegers were
the most aggressive species observed, often flying after snowy owls, glaucous
gulls, other Jaegers, arctic foxes, and humans when the intruders were greater
than 0.5 km away from parasitic Jaeger nests. Hatching of 2 egg clutch?s
ranged from 30 June through 12 July. Unlike pomarine jaegers, parasitics did
not move young to wetter habitats after hatching and young remained with
adults in the viecinity of the nest site until fledged.

Adults ranged over all habitats to hunt through June and early July, put
became increasingly conspicuous predators on birds in Riparian, Flooded, an

185




Moist Sedge-Shrub tundra after hatching and juvenile movements of most species
had occurred (Figs. 3, 6, 17). Prey ranged in size from Lapland longspur (the
most frequently observed prey item) to pectoral sandpiper and juvenile
ptarmigan. Pairs hunted together knocking prey to ground as a team and were
nighly efficient through July and early August. At Sadlerochit, adults
captured up to 10 longspur juveniles in 1 day over Riparian habitat, carrying
each back to almost fledged young.

Young fledged in the first week of August and remained in the area, hunting as
a family group for up to 2 weeks longer. Through late August small groups of
juveniles and adults congregated in Riparian, Flooded, and coastal wetland
areas. Latest observation was at Okpilak on 23 August 1982.

LONG-TAILED JAEGER - Fairly common spring migrant and common summer resident;
uncommon to fairly common breeder. The earliest coastal observations of
long-tailed jaegers were on 31 May 1985 at Sadlerochit. No conspicuous
migrational movement was seen; birds were present at most locations in eariy
June, hunting over all habitats as singles, pairs, and in groups of 3 to 10,
Like pomarine jaegers, the diet of breeding birds was composed mostly of
microtine rodents throughout the season and the breeding effort in a specific
year was possibly related to lemming and vole abundance.

Higher densities of nesting long-tailed jaegers and spring transients werse
noted at inland locations. Highest numbers of nests were recorded in 1985, =z
relatively high lemming year, when 13 were found at the 5 inland locations.
Highest numbers were observed at Jago Bitty (6 nests) and Marsh C(reeic (&
nests). Numbers of nesting long-tailed jaegers were also highest on thre outfer
coastal plain in 1985 when 5 nests were recorded at 3 locations. Only % nests
were found in 1984: 1 nest at Jago Delta and 2 at Sadlerochit. No nests were
recorded between 1978 and 1983.

Of the 3 jaeger species, long-tailed jaegers nested in drier and frequently
Mmore upland habitats. Nest sites were predominantly on Dryas-prostrate shrub
and Riparian terraces, and fewer were located on prostrate shrub or moss
hummocks in Wet Sedge, Moist Sedge, Moist Sedge-Shrub, and Tussock tundra
(Figs. 3, 10, 15, 17, 21). Hatching dates of 1 to 2 egg clutches wers

generally from 3-10 July; the earliest date was recorded at Jago Bitty on 20
June 1985 and the latest was at Aichilik on 18 July 1985.

OCOasionally, large flocks were seen in mid-season on the coastal plain: a
flock of 50 was seen near the Kongakut River on 2 July 1970 (Andersson 1973)
and several flocks of 20-200 were observed on the Aichilik River on 20 July
1974 (P. Martin pers. comm.) and 24 June 1984. A group of 50 hunted over the
Sadlerochit River from 3-7 July 1985, coinciding with and possibly related to

3 large insect emergence. Maher (1974) found that insects were a major
?OmDOnent of the diet of non-breeding birds. During August, at coastal and
tnlang locations, small adult groups and adults with fledged young were
Observeq hunting over coastal wetlands, Riparian habitats, and drier, upland
OUndra, Latest observation was on 28 August 1985 of a single adult flying
Ver Jago Delta.

EONAPARTE'S GULL - Uncommon breeder in south slope wetlands; casual visitor to
Orth slope (Spindler 1984b).
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MEW GULL - Rare spring migrant and summer visitant on coastal plain; probabie
rare breeder in foothills south of coastal plain. Earliest observation was on
7 June 1984 when a mew gull harassed several glaucous gulls over the AiOhilik
River. One or 2 mew gulls were regularly seen in Riparian habitat at Aichiljy
through July in 1984 and 1985, and a nest was suspected there on a rivep
gravel bar in both years. Small flocks and single gulls were sighted ovep
lagoons and Riparian areas near the coast on 12 occasions from 1981-198s,
Seven sightings were made in early to mid-June, 3 during July, and 2 in early
August; the latest observation occurred on 5 August 1984,

HERRING/THAYER'S GULL - Rare migrant and summer visitant. Herring/Thayer'g
gulls were recorded on 8 occasions at Canning Delta from 28 May through 4
September in 1979 and 1980 . During the 1982-1985 period, single gulls were
observed flying or hunting over Flooded, Riparian, and Mosaic habitats on 7
occasions at coastal sites and on 5 occasions along river drainages at inland
locations. All observations were during late May or in June, except ]
signting at Simpson Cove during an aerial lagoon survey on 10 August 1983,

SLATY-BACKED GULL - Casual summer visitant. The only records of slaty-backed
gulls on the ANWR coastal plain occurred in 1985 at Sadlerochit. On 3 July an
adult hunted along the river 1 km inland from the coast with a flock of 20
glaucous gulls and 30 long-tailed jaegers. A dark plumaged first-year bird
was observed flying along the coast by Anderson Spit on 19 July.

GLAUCOUS GULL - Common breeder and common to abundant migrant on outer coastal
plain; uncommon summer resident and probable breeder inland. Glaucous gulls
arrived early in the spring on the Beaufort Sea coast. Jacobson (in Spindler
1978a) reported an early arrival date of 8 May 1978 at Kaktovik on Barter
Island. On 23 May 1980, 380-400 gulls were present in Kaktovik feeding on
whale carcasses left by villagers from the autumn hunt (Martin and Moitoret
1981). No conspicuous migration movements were noted, but gulls were present
at all coastal locations in early June with scattered Observations of small
groups heading eastward. They fed in flocks of up to 30 in lagoons and flew
widely over Riparian and Flooded habitats. Through June and July, numbers
along rivers dwindled, but large flocks continued to sWwim and feed in lagoons
and along shoals. Inland, gulls were uncommon spring visitants, although from
1 to 4 were seen regularly through mid-August at Aichilik in 1984 and 1985,
and a nest was suspected in Riparian habitat at Aichilik.

Glaucous gulls nested singly or in loose colonies, sometimes in close
proximity to flocks of non-breeding adults. Glaucous gull nests were found
exclusively at coastal sites, with the highest number recorded at Okpilak in
1978 (14 nests). A colony of 8 nests was found at the "ruins" near Tapkaurak
Lagoon in 1985, Nest sites were typically on mounds or islets in Flooded
tundra and on raised mudflats at river mouths. A nest was also suspected on @
gravel bar along the Sadlerochit River near the coast in 1984 and 1985. All
nests contained clutches of 2 €ggs. Known hatching dates were on 17 and 30
July 1980 at Canning Delta, but downy chicks were reported near nest sites Of
4 July 1985 at Sadlerochit, and on 11 July 1984 at Jago Delta.

Adults stayed with young close to nest sites in Flooded tundra and alond
mudflats through July. Juveniles were frequently observed in early fall among
larger flocks of adults along the coast. Numbers of glaucous gulls inOFeased
in lagoons through August, with a peak number of 307 gulls recorded at Jag°
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Lagoon on 24 August 1983. At this time, much of their flying consisted of
1ocal movements, but a predominantly westward direction was noted in early
september.

BLACK-LEGGED KITTIWAKE - Rare migrant. Black-legged kittiwakes occurred
commonly in migration at Barrow (Bailey 1948), but were only recorded in 1980
and 1983 along the ANWR coast. A large westward movement of gulls, terns,
1oons, Jaegers, and waterfowl was observed at Brownlow Point on 29-30 August
1980 after severe winds during a storm. Hundreds of adult kittiwakes in
flocks of up to 30 were among these birds. A peak movement came through on 1
September when 438 were counted in 7 h of observations, and an estimated 2000
kittiwakes flew west past Brownlow Point during 1-3 September. On 10 August
1983 a rare inland sighting was recorded of an Immature kittiwake flying over
Jago Bitty camp. The only documentation of kittiwakes during 1981-1985 aerial
lagoon surveys also occurred in 1983 when 5 were counted in Brownlow Lagoon.

ROSS' GULL - Casual migrant. First recorded on ANWR on 2 June 1985 when 1
bird flew southwest along the coast near the Okpilak River delta. A flock of
10 Ross' gulls was observed during an aerial lagoon survey near the Hulahula
River delta on 15 August 1985.

SABINE'S GULL - Uncommon breeder and migrant. Date of earliest observation
was on 31 May 1979 at Canning Delta. Sabine's gulls were infrequently seen at
all coastal locations as singles, pairs, and small flocks flying east along
the coast during the migration period. Most observations of Sabine's gulls
were in June along the outer coastal plain where they were seen in a variety
of habitats, especially around estuaries, lagoons, and tundra lakes.

Sabine's gulls bred at Canning Delta where 3 nesting colonies and a total of 9
nests were located in 1979 and 1980. At least 2 of these colonies had active
nesting pairs each vyear. A1l nests were located on islands 1in lakes
surrounded by deep water. Hatching was observed from 8-19 July and the first
fledgling gulls were seen on 19 July, indicating considerable asynchrony in
nesting. In July and August, Sabine's gulls were seen regularly in small
numbers on Canning Delta shoreline transects, but no large flocks were
recorded. Single Sabine's gulls were observed only rarely east of the Canning
Delta during aerial lagoon surveys in 1681-1985. On 6-8 September 1983, 408
Were observed along a 400 m wide offshore transect. Flocks of 78 and 174 were
recorded in Oruktalik Lagoon and Egaksrak Lagoon respectively, both on the
fastern portion of the ANWR coast.

IXQB!_QQEQ - Rare migrant along arctic coast (Spindler 1984b).

ARCTIC TERN - Fairly common migrant and summer visitant; fairly common breeder
on barrier islands, and rare breeder on inland coastal plain. Small flocks of
U to 12 birds were seen infrequently along the coast flying eastward during
the first week of June. Along the outer coastal plain, singles, pairs and
?mall flocks of terns were observed at least weekly through June and July
oraging over lagoons, small lakes and rivers. Highest numbers of nesting
®rns were reported at Canning Delta in 1979 and 1980. Here they bred
?gimafily on gravel beaches of the barrier islands and spits, but also on
Coaands in lakes and on river gravel bars. Terns may have bred along the
198§t east of Canning Delta, but only 1 nest was located gt Sadlerooh;t in
With. Inland, terns were primarily rare to uncommon visitants associated

lakes and larger river drainages. A brood of 2 chicks defended by 3
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adults was observed by a large lake 11 km northeast of Jago Bitty camp iy
1983. Clutches of 1 to »2 eggs were laid in scrapes on the bare ground ang
incubation began as early as 17 June at Canning Delta. Known hatching dateg
were in early July, and first fledged juveniles were seen in mid-August.

Terns gathered in flocks during August to feed 1in lagoons, and a flock of 90
adults and juveniles recorded at Jago River delta on 30 August 1985,
Generally, no migration movement or direction was determined, but after high
storm winds an estimated 1400 arctic terns flew westward over Brownlow Point
during 1-2 September 1980.

MURRE SPP. - Rare migrant. Three unidentified murres were seen flying west
past Brownlow Point on 1 September 1980. Nearest breeding colonies of

fhick-billed murres are at Cape Parry on the Parry Peninsula, Northwest
Territories, (Johnson et al. 1975) and at Cape Lisburne in the Chukchi Sea
(Sowls et al. 1978b).

BLACK GUILLEMOT - Rare breeder; uncommon migrant and summer visitant.

One or 2 black guillemots were recorded on 7 dates during August 1979 in the
sea off Brownlow Point. First seen in Brownlow Lagoon on 17 June 1980, they
were observed frequently in this area throughout the summer. A pair nested in
a half-buried oil drum on a barrier island east of Brownlow Lagoon reef where
up to 9 guillemots at a time (28 July) were seen through the season.
Elsewhere on the outer coastal plain, 2 guillemots were observed on a barrier
island spit at Anderson Point (Sadlerochit) on 29 July 1983 and 2 were
observed on 22 July 1985 near the barrier island of Tapkaurak Lagoon. From
1982-1985, guillemots were seen infrequently during August and September
aerial lagoon surveys, with a peak of 17 observed on U August 1983 along a 400
m wide offshore transect.

HORMED PUFFIN - Casual visitant. One was seen flying low along the beach in a
westward direction past Brownlow Point on 1 September 1980. This sighting
coincided with sightings of murres and kittiwakes, all probably related to
storm winds during the previous 2 days. The nearest major breeding colony is
at Cape Lisburne (Sowls et al. 1978), but numerous sightings were made from
1976-1980 at black guillemot nesting colonies on Seahorse Island, Deadman
Island, and Cooper Island (Divoky and McElroy 1980, as cited in Martin and
Moitoret 1981).

SNOWY OWL - Rare visitant in vears of 1low lemming populations; uncommon
breeder and common summer resident on outer coastal plain during vyears of
higher lemming densities. High fluctuations in snowy owl abundance were noted
on the ANWR outer coastal plain from 1976 through 1985; in all vears snowy
owls were rarely observed at inland locations.,

In 1976, a relatively high lemming year, 2 nests were located near BReaufort
Lagoon and owls were regularly observed along the coast. From 1 to 5 owlS
were summer residents at Okpilak in 1978 and an estimated 0.1 owl/kme was
found during coastal aerial surveys (Spindler 1978b). Several owls were
sighted regularly through the season at Canning Delta in 1980, but no nests
were discovered. Owls apparently increased 1in the Okpilak area in 1982 and
approximately 1.,0-2.5 owls/km? were estimated along coast. In contrasts
only 1 and 4 sightings of owls were reported at coastal sites during the 1983
and 1984 seasons, respectively. In 1985, a vear of relatively high lemming
abundance, owls were resident on ANWR by the last week in May. Two toO
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adults and immatures were observed daily at coastal 1locations from June
through August. Most of these appeared to be non-breeders. Snowy owls
primarily hunted in Mosaic, Flooded, Wet Sedge, and Moist Sedge-Shrub habitats
from bluff, hummock, polygon ridge, and driftwood perches. A small influx of
yisiting owls occurred in mid-July. Observed frequency of hunting owls
incpeased in Riparian areas coineciding with the emergence of arctic ground
squiprel young (Spermophilus parryii) from burrows.

mwo nests were found in 1985, 1 in Wet Sedge habitat at Jago Delta and 1 near
the lake at Niguanak. Young hatched by approximately 15 June at Niguanak and
in mid-July on the coast. Fledging occurred from 16-18 August at Jago Delta
and young were observed with adults in Flooded tundra throughout the end of
pugust. A few adult owls were still present on Barter Island after the first
snows of the season on 11 September.

SHORT-EARED OWIL, - Common inland breeder and falirly common coastal breeder in
years of high lemming densities; rare spring visitant on inland coastal plain
and rare migrant along coast in years of low lemming densities. Use of the
ANWR coastal plain by short-eared owls appeared to be cyclic and probably was
greatly influenced by fluctuating lemming and vole populations. Owls were
most commonlyv seen hunting in Moist Sedge-Shrub, Riparian, Wet Sedge, and
Flooded habitats in 1985, but were observed flying over all habitats 1in
1982-1984 . Nests were most commonly found in Riparian zones in Moist
Sedge-Shrub, Wet Sedge, or Wet Sedge with willow microhabitats. Clutch size
ranged from 2 to 7 and averaged 5.45 (n=7). Clutches were generally completed
during the first and second weeks of June. Reported incubation period is
24-28 days (Harrison 1978).

COMMON NIGHTHAWK - Casual visitant (Spindler 108ib).

EMPIDONAX SPP. - Accidental visitant. An unidentified Empidonax flycatcher
was found dead on 17 June 1979 along the bluffs on the east shore of Flaxman
Lagoon (Martin and Moitoret 1981).

§£{Sijﬂﬂ2ﬂ@i - Casual visitant, accidental fall migrant. One bird was seen in
mid-August 1983 along a coastal bluff at Arey Lagoon near Okpilak.
mmervations have also been made along the Aichilik and the mid- and upper
Kongakut Rivers (Kessel and Gibson 1978).

EASTERN KINGBIRD - Accidental visitant to north slope (Spindler 198u4b).

ﬂ@ﬂ@g_gégg - Rare inland breeder and visitant; causal coastal visitant. A

;31? with 1 fledgling was seen on 20 June on the creek bluff 3 km south of
arsh Creek camp in 1985. A nest was suspected to be present in willows on a

:‘_’Uth facing slope of VABM Bitty in 1982. Other observations were made at
l?hllik camp in June 1985, Katakturuk camp in June 1983, and Demarcation
°lnt in June 1978 (D. Troy pers. comm. in Martin and Moitoret 1981).

v

?EEET-GREEN SWALLOW - Accidental spring migrant. A single specimen was found
fad in Kaktovik in late May 1985.

B

sgNK SWALLOW - Casual migrant. Three birds were seen flyins over a large lake

a;mh of Tapkaurak Lagoon near Jago Delta camp in 1985. A bird was observed
°Ng the Canning River in 1975 (Kessel and Gibson 1978).
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CLIFF SWALLOW - Rare spring migrant and breeder on the north slope of BroOks
Range. Cliff swallows were reported nesting on the Kongakut, Aichilik, ang
Canning rivers (Kessel and Gibson 1978).

BARN SWALLOW - Casual visitant. Two birds were seen at Jago Delta in late
June 1985, 1 in late June 1984 at Aichilik, and 1 in mid-June 1983 at Okpilag
Delta. Kessel and Gibson (1978) reported an observation on Barter Island in
1975.

GRAY JAY - Accidental. One bird was observed on 22 July 1978 in Kaktovig
(Spindler 1978a).

COMMON RAVEN - Uncommon resident. Ravens were infrequently seen at all study
sites as single birds or in flocks of 2 to 4 flying over all habitats. They
were most commonly seen hunting over Riparian habitats where they were of'ten
mobbed by shorebirds. During the breeding season they were often mobbed by

nesting jaegers.

AMERICAN DIPPER - Uncommon breeder and resident at Sadlerochit Springs
(Spindler 198.Lb).

BLUETHROAT - Locally rare migrant and breeder in uplands and foothills (Kessel
and Gibson 1978).

NORTHERN WHEATEAR - Rare visitant on inland coastal plain. Observations were
made in mid- to late August 1985 at Niguanak, Marsh Creek, and Aichilik.

GRAY CHBEEKED THRUSH - Casual visitant. Birds were seen in tall willows on
Eagle Creek in 1972 (Valkenburg et al. 1972) and in June 1979 on Brownlow
Point.

HERMIT THRUSH - Accidental. A single male was heard and seen in a willow
thicket from 3-19 July 1985 at Marsh Creek.

AMERICAN ROBIN - Casual summer visitant on inland coastal plain. Several
observations of single birds were made at Katakturuk in 1983 and 1985.
Several birds were seen between the Sadlerochit and Shublik mountains in 1983.

VARIED THRUSH - Accidental visitant. Observations were made at Aichilik in
1985, Sadlerochit Springs in May 1979 (Robus 1979, in Martin and Moitoret
1981), and Demarcation Point in May 1979 (Burgess 1980, in Martin and Moitoret
1981) .

YELLOW WAGTAIL - Locally rare to fairly common breeder. Presence and density
of wagtails appeared to be correlated with Riparian habitat and increasing
willow height, with bird densities typically higher on the inland coastal
plain in areas with taller willows, but flucuating annually (Figs. 17, 21%
Wagtails were also seen less commonly and at generally lower densities 1P
Moist Sedge-Shrub and Tussock habitats. Nests were extremely difficult tO
detect. Two nests were found: 1 was in a willow root ball in Riparia®
habitat, contained 6 eggs and hatched on approximately 23 June 1985; the other
was in Tussock habitat, contained 5 eggs and hatched on 29 or 30 June 1983.
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WATER PIPIT - Rare breeder across coastal plain; fairly common inland fall
EEEFEHET—__Ereeding water pipits were observed at Okpilak Delta in 1978.
greeding probably occurred at Jago Bitty in 1982 and 1985. Pipits were also
seen on the Canning Delta in 1979 and 1980.

CEDAR WAXWING - Accidental visitant. Two waxwings were seen in shrub thickets
e .
on the south side of Jago Bitty 11 km south of camp on 2 July 1983,

NORTHERN SHRIKE - Rare visitant and possible breeder on inner coastal plain.
One bird was observed in Riparian habitat at the gorge 27 km south of
Katakturuk camp in late July 1983. Shrikes were possible breeders 14 km south
of Jago Bitty camp on 24 July 1983, and a nest was found at Peters Lake in
]ate May 1985.

ORANGE-CROWNED WARBLER - Accidental migrant. One bird was seen on a bluff
along Flaxman Lagoon shoreline in May 1980.

YELLOW WARBLER -~ Casual coastal visitant; probable rare 1inland breeder.
Single birds including a singing male were seen or heard in willow thickets in
mid-June at Jago Bitty in 1985 and Katakturuk in 1983. A single bird was seen
on the Canning Delta in 1979. Martin (1976) observed 1 adult with young
fledglings along the Kongakut River in 1976.

WILSON'S WARBLER - Casual fall migrant. A single female was seen in Riparian
willows in August 1984,

AMERICAN TREE SPARROW - Locally rare to fairly common inland breeder. Tree
sparrows were most commonly seen in erect willows on hillsides and along
inland river drainages (Fig. 3). Nests were on the ground under willows in
Riparian habitats (Fig. 3). Clutch sizes were of U4-5 eggs and hatching
occurred in late June to early July, and the normal nestling period was 9-10
days (Harrison 1978). Tree sparrows occurred as a casual fall migrant at
imﬂeroohit in 1984 and were generally absent from the coastal plain by late
ugust .

?HIPPING SPARROW - Casual summer visitant. A single singing male was observed
in a willow in Riparian habitat at Katakturuk on 23 June 1983.

SAVANNAH SPARROW - Locally uncommon to fairly common breeder. Overall highest
d?ﬂsities in 1985 were at inland locations in Riparian habitat with erect
Willows (Fig. 3). However, highest densities at any location were observed in
We? Sedge plots at Sadlerochit, where habitat was highly interspersed with
Moist Sedge willow strangs (Figs. 10 and 15). Savannah sparrows were
probable, although uncommon, breeders and rare fall visitors in 1982; they
;e?e Observed most often in Tussock tundra and occasionally in Riparian and
Olst Sedge-Shrub habitats (Figs. 3, 17, 21).

?:;lieSt recorded arrival of savannah sparrows was on 1 June 1983, at an

Sedand site. Nests were usually found in Riparian (most locations) and Wet

genge (Sadlerochit) habitat types (Figs. 3, 10). Savannah sparrow nests were

0bszrally on the ground in dense sedge-willow vegetation. First hatching was

Clutrved on 26 June in 1983, 16 June in 1984, approximate}y 24 June 1985,

com Ch size ranged from U4 to 6 eggs (1982-1985). Fledging was probably
Pleted py the second week in July.
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One bird was seen standing at the high tide line at Tapkaurak Lagoon op
August 1984. Last dates of observation were 17 August 1984, 15 August 1983
and 25 August 1982. ’

CLAY-COLORED SPARROW - Accidental visitant. A single male was obsepVed
singing in late June from a willow perch in Riparian habitat at Marsh Creek
in 1985.

FOX SPARROW - Casual coastal summer visitant; rare summer resident and
possible breeder on inland coastal plain. A pair was seen 10 km south of Jago
Bitty camp in willow on a south facing slope in 1983. A single bird was Seen
at Okpilak Delta in late June 1982.

WHITE-THROATED SPARROW - Accidental visitant. One bird was seen from g-28
August at Brownlow Point in 1979 or 1980.

WHITE-CROWNED SPARROW - Locally rare to fairly common inland breeder,
White-crowned sparrows probably bred at Katakturuk in 1983 and 1985, but were
absent in 1982. They were locally rare visitant or summer residents at Jago
Bitty in 1982 and 1985, respectively, and rare spring visitors at Niguanak in
1985. Nests were found at Marsh Creek in 1985.

White-crowned sparrows were largely restricted to medium height (approximately

1 m) and taller willow stands in Riparian habitat or on hillsides. Nests,
which were on the ground in willow thickets and contained 4 to 5 eggs, hatched
in late June or early July. The 1incubation period was a-15 days with a

nestling period of 9-11 days (Harrison 1978).

DARK-EYED JUNCO - Rare migrant. From 1 to 5 were seen daily in the
mid-Kongakut River valley in early August 1976 (Martin and Moitoret 1981).
Juncos were also seen on Brownlow Point in August 1979 and June 1980.

LAPLAND LONGSPUR - Abundant breeder. Lapland longspurs were commonly found in
all habitats and were usually present upon arrival of observers in early
June. Habitats of highest longspur density varied among locations within
years and within locations among years. No preference was apparent in
observed bird or nest densities for coastal or inland locations. The highest
densities of 1longspurs were generally found in drier upland (Mosaic, Moist
Sedge-Shrub, and Tussock) and Riparian habitats within each location (Figs. 3,
12, 17, 21). However, the lower density habitats at some locations at times
had higher densities of longspurs than the highest density habitats at other
locations.

Males were displaying when observers arrived in early June and continued until
late June or early July. During the breeding season, Riparian habitat often
had the highest number of longspurs, vet the lowest number of nests (Fig. 3)-
The greatest nest densities were generally in Moist Sedge-Shrub, Tussock,
Mosaic, or Moist Sedge habitats (Figs. 12, 15, 17, 21). Nests were often
located on the south side of tussocks or polygon rims and were virtually
always lined with white ptarmigan feathers. Nests generally contained 5 eggi
which began hatching the third week in June (fourth week in 1982). "Helper
males often assisted the parent longspurs in feeding the chicks. One of thé
males (suspected to be the helper) often besan molting into winter plumag®
prior to the other male. Most young were fledged by the end of the Secmm
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week in July . Some shifts in habitat wuse (primarily toward wetter
communities) occurred during late July and early August at some locations, but
the general trend was for densities to remain in similar proportions among the
nabitats. Numbers declined at most 1localities during the 1latter half of
pugust, and flocks of 20 to 30 birds (mostly juveniles) were seen along the
coast. A few longspurs remained at all locations until the termination of
observations on 18 August 1985 (1 September at Niguanak and Jago Delta).

sMITH'S LONGSPUR - Rare visitant. Single birds were seen in June and August
1985 near Okpilak Delta, at Jago Bitty in July, and Katakturuk in June and
pugust 1983. Kessel and Gibson (1978) reported sightings from Aichilik,
Kongakut, Hulahula, and Canning drainages.

SNOW BUNTING - Locally common breeder. Snow buntings commonly nested on
Barter Island and probably were present along the entire coast, nesting in
drift material or man-made structures (Martin and Moitoret 1981). They were
also observed in the foothills in a Riparian area 35 km south of Jago Bitty in
1983 and above 600 m in the Sadlerochit Mountains. Snow buntings arrived on
the coast at Kaktovik as early as mid-April (Spindler 1978a) and left in
migration as late as the second week in September (Martin and Moitoret 1681).

RED-WINGED BLACKBIRD - Casual visitant. Two males were observed in a willow
thicket at the mouth of Okpirourak Creek near Jago Bitty on 22 June 1985.

RUSTY BLACKBIRD - Causal migrant. One bird was seen in June 1980 on Brownlow
Point.

BROWN-HEADED COWBIRD - Accidental visitant (Spindler 1984b).

REDPOLL - Locally rare to abundant breeder. Generally more common inland
where willows have more height and density than those nearer the coast.
Redpolls were usually present on the tundra when observers arrived in the
first week of June at inland sites, and 1 to 2 weeks later at sites along the
coast. Nests were most commonly found elevated in willows (Fig. 3). Clutch
size in 1982-1985 was generally 4 to 5. First hatching at inland locations
ranged from 18 to 19 June (1982-85) and from 26 June to 10 July (1982-85) at
Coastal sites. Young were fledged by mid-July in most years, late July in
}ate years. Redpolls were most common in Riparian habitat and were often seen
In flocks of 2 to 8 from mid-June until migration (Fig. 3). Redpolls
Sometimes were observed with yellow '"bibs" which resulted from a dusting of
yellow pollen while feeding on insects in willow catkins (Miller et al.
1985). Densities of redpolls declined rapidly in late summer and the last

i;gﬁtings varied annually: 26 August in 1982, 11-16 August in 1983, 16 July in

REEL§E§K;§ - Rare visitant (Spindler 1984b).
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Chapter 5
MAMMALS

This chapter presents information on mammalian species that occur within the
ANWR study area and adjacent marine environments. Information is presented
by species or species groups and each section includes a data gap section
for the species/species groups being discussed. Caribou, musk ox, and moose
are discussed individually, while marine mammals (polar bear, ringed seal,
bearded seal, bowhead whale, beluga whale, and incidental species),
carnivores (brown bears, wolf, wolverine, arctic fox, red fox), and rodents
(arctic ground squirrel and microtine rodents) are discussed as groups.

Caribou (Rangifer tarandus granti)

Early biological studies of caribou in Alaska (Nelson and True 1887, Murie
1935) and Canada (Clarke 1940) were general in nature and concentrated on
basic life history. The use of airplanes to survey caribou populations and
map distributions began in the late 1930's in Alaska and in the 1940's in
Canada (Banfield 1954). Aerial survey techniques were further developed and
refined during the 1940's and 1950's (Banfield et al. 1955, Watson and Scott
1956, Olson 1957). As a result of these pioneering efforts, information on
the distribution, movements, and populations of caribou in northeastern
Alaska began to increase (Scott et. al. 1950, Munro 1953).

When large oil and gas reserves were found at Pruchoe Bay, Alaska, and in
the western Canadian arctic in the late 1960's and early 1970's, and plans
were made for industrial development in the arctic, the welfare of large
herds of barren ground caribou became an issue of concern. As a result,
major investigations were undertaken by government and industry. In 1970
caribou studies were initiated in northeastern Alaska and northern Yukon
Territory by Renewable Resources Consulting Services Limited (under contract
With Canadian and Alaskan Arctic Gas Studies) and Interdisciplinary Systems
Limited (for the Environmental Protection Board of Canada). The Alaska
Department of Fish and Game (ADF&G) and the Canadian Wildlife Service (CWS)
also began caribou studies in the region in 1972. From these studies came
the fiprst indepth documentation of the distribution, chronology of
migration, migration routes, habitat use, and population dynamics of caribou
in  northeastern Alaska. Industry-sponsored caribou studies continued
through 1975-1977, while government efforts have continued to the present
time, Studies of calving distribution, productivity, neonatal mortality,
Summer fall, and winter distribution, and mortality of the Porcupine herd
(PH) were conduoted during 1982-1985 as part of the 1002 baseline study
Program.

As a result of these studies, considerable information on caribou in the
P€gion of the ANWR study area has been collected. Of particular
Significance is the historical analysis provided by Skoog (1968) and further
historical examinations by Kevan (1970) and LeResche (1975). Updates on the
dlstrlbutlon and movements of Alaskan caribou are provided by Hemming (1971)
and  pavis (1980). Much of the recent literature on the PH has been
assembled by Calef (1974), Curatolo and Roseneau (1977), Thompson and
9Seéneau (1978), Davis (1978 and 1980), Kelsall and Klein (1979), LeBlond
(1979), ana u.s. Department of State (1980). Kelsall and Bisdee (1980)
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compiled an extensive annotated bibliography featuring 682 cross-referenced
entries on the PH and related references. A popular description of the life
history and ecology of caribou has been recently completed by Calef (1981).

Current or recent investigations of the PH have focused on the following
topics: energetics of spring migration (Duquette 1984), bioenergetics/
modelling (Fancy 1986), winter activity patterns and foraging behavior
(Russell and Martell 1985), calving habitat utilization and activity
patterns (Martell in prep), distribution and habitat use by male caribou
during spring/summer (Martell et al. in press), neonatal mortality on
calving grounds and post-calving areas (Mauer et al. 1983, Whitten et al.
1984, 1985a, 1986a), winter distribution and mortality (Whitten et al. 1985b
and 1986b, Russell and Nixon 1986), abundance/distribution of parasitic
insects (Pank et al. 1984, 1985, 1986), response of post-calving caribou to
insect harassment (Nixon-ongoing), post-calving movements/ecology
(Russell-ongoing), evaluation of satellite telemetry for the study of
caribou ecology (Pank and Regelin 1985, ongoing) .

Barren ground caribou have inhabited northeastern Alaska and northern Yukon
Territory for at least 54,000 years (Harington 1977). Evidence of human use
of caribou in the region of the ANWR study area has been found dating back
some 27,000 years (Irving 1968). Remnants of caribou fences and corral
structures used by Kutchin Indians can be found throughout much of the
current southern range of the Porcupine caribou nherd (Warbelow et al.
1975). Use of caribou by early Inupiat Eskimos on the arctic coastal plain
and foothills has also been documented (MacNeish 1956).

The first written references of caribou in the ANWR study area are those of
Franklin's exploration of the arctic coast of northeastern Alaska in
1825-1827 (Franklin 1828). Later expeditions to the region Dy Dease and
Simpson (1838), and Ibister (1845) confirm that caribou were abundant in the
region. Caribou were used heavily by overwintering whalers at Herschel
Island during the mid-to-late 1800's (Stone 1900). In an extensive review
of historical records of Alaskan caribou herds, Skoog (1968) surmised that
the northeastern Alaska-northern Yukon Territory caribou were at a high
level prior to 1900, but shifted their range away from the arctic coast and
more to the west in the early 1900's. Caribou from the McKinley and
Forty-mile herds reportedly moved into the area during the 1920's. Skoo8
(1968) reported a decrease in caribou numbers in the 1940's with a gradual
build up in the 1950's. A possible interchange of caribou from the
Forty-mile herd may have occurred in 1964, but it was not determined if a
permanent emigration had occurred (Skoog 1968). Although these early
accounts summarized by Skoog (1968) are sketchy and accurate population

estimates were not available, they indicate that a caribou herd has
inhabited northeastern Alaska and northern Yukon Territory in a mannerl
similar to current distributions, movements, and annual cycles since at
least the late 1800's (LeResche 1975, Calef 1974, Roseneau et al. 1974)-
This population of caribou is called the Porcupine herd in reference to_lgz
latio

semi-annual crossing of the Porcupine River. Caribou herds or popu

are currently defined as any group of caribou that traditionally calve i? an
area that is distinct from other groups (Skoog 1968). Currently 2 carib®
herds, the PH and the central arctic herd (CAH) use the ANWR study ared

during various periods of the year (Fig. 1).
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Porcupine Herd

Range, Distribution, and Movements

The PH currently numbers about 165,000 individuals (Whitten 1986) and ranges
over an area of about 250,000 km® (Mair and Cowan 1978). Seven distinect
phases based upon behavior and distribution have been identified in the
annual life cycle of caribou (Skoog 1968, Bergerud 1974b).

Spring Migration. 1In early March the spring migration of the PH begins with
a gradual drift of caribou toward the northern limits of their Wintering
areas (Calef 1974). The onset and progression of spring migration appears
to be influenced by weather, snow conditions and the advancing pregnancy of
the adult females (Pruitt 1959, Henshaw 1968, Duquette 1984. Whitten et al.
1984a, 1985a, 1986a). Routes of travel are related to topography, snow
conditions, winter distributions, and tradition (Thompson 1978).

Three major spring migration routes of the PH have been identified: the
Richardson, O0Old Crow, and Brooks Range routes (Fig. 1). The Richardson
route runs through the Richardson, Barn, and British Mountain ranges cf
northwestern Canada and 1s usually used by caribou that have wintered in the
Richardson Mountains or the Peel River basin of the Yukon and Northwest
Territories (Calef 1974, Roseneau et al. 1974, Roseneau and Curatolo 1976).
Caribou that winter in the Ogilvie Mountains (Hart, Ogilvie, Blackstone,
Tatonduk, and Kandik River drainages) migrate north via the 0ld Crow route
through the Keele Mountains, cross the Porcupine River in the vicinity of
Old Crow, and continue north through the 0ld Crow Flats and uplands west of
the 0ld Crow Flats, and over the British Mountains in to the Firth River
valley (Roseneau et al. 1974, Roseneau and Curatolo 1976). Caribou that
winter in the Arctic Village - Chandalar Lake area of Alaska migrate
northeast along the Brooks Range route, which crosses the East Fork of the
Chandalar River, Sheenjek and upper Coleen Rivers, and follows the Firth
River into Canada, joining there with the 0ld Crow and Richardson routes
(Roseneau et al. 1974, Roseneau and Stern 1974a, Roseneau and Curatolo
1976). In years of 1light snow cover, caribou wintering in the Arctic
V%llage area have been observed crossing northern mountain passes and moving
directly to the calving grounds (Roseneau et al. 1974). Considerable annual
Variation occurs within each migration route as to the exact route followed
by migrating caribou (Thompson 1978).

Spplng migrations generally are in 2 phases, with groups comprised
ggedOTinately of pregnant females moving first, followed by groups comprised
of talﬁly Juveniles and bulls (Kelsall 1968). Typically, the first movement
arctfl”lbou traveling the Richardson route may reach the Blow River.on the
begins' coast by mid- to late May, whereas the second movement 1s‘ ;ust
ime-slng to cross the Peel River at this time (Thompson 1978)f Similar
BPOokspage relationships occur during spring migration on the 0ld Crow and
ange routes. During the early phase of spring migration the
.females typically move in 1long, single-file lines, tending to
uSuallywlnd—Swept ridges and frozen lakes and rivers where travelling is

Tho less difficult and predators are more easily detected (Kelsall 1968,
diperOn 1978),

fficUlt Deviations into snow filled valleys and over seemingly more

terrain can occasionally occur.
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walking rate (approximately 4.0 km/h) and average daily net
(approximately 7-8 km/24 h) of migrating females of the PH
fairly constant throughout much of the spring migration
As the migration progresses across the arctic foothills
2 snow conditions are often improved over those encountered during
1y migration south of the mountains), a maximum net movement rate of 25
kr/2ih is often sustained over several days resulting in a final rapid
movement to  the calving grounds (Whitten et al. 1985a). The spring
aigration of males and juveniles of the Pil is more deliberate and appears to
be influenced by phenology of vegetation and social factors (Martell et al.
in press

Calving. The calving grounds of the PH are international 1n scope,
cxtending along the arctic foothills (up to 1,100 m elevation) and arctic
coastzl plain to the Beaufort Sea coast from approximately the Babbage River
ir Canada to the Canning River in Alaska (Fig. 1). Over the past 14 years in
whicrh similar data have been collected, substantial variation in
distributions of calving within this overall area has occurred.
Distributions of calving for the PH from 1972 through 1985 are presented in
sequential ocrder in Figs. 2-15. Factors such as the location of winter
distributions, weather and snow conditions encountered enroute to the
calving grounds, and the snow-melt pattern on the calving grounds when

migrating females arrive, all interact to influence calving distribution

during any given year. The date cows arrive on the calving grounds also
varies annually due to these factors (Table 1.). In years of difficult snow
conditions, calving can occur along the migration routes (Lent 1966). In

1972 and 1982 significant levels of calving activity occurred in the 0ld
Crow Flats, British Mountains, and on the coastal plain east of the Firth
River (Figs. 2 and 12), when migration of the PH was delayed by snow and
weather conditions (Roseneau et al. 1974, Mauer et al. 1983, Whitten and
Cameron 1984a). Conversely, in 1975 when snow conditions along the
migration routes were light and arriving cows found a relatively snow-free
calving grounds, nearly all of the herd calved on the extreme western
portion (Fig. 5) of the traditional area (Roseneau and Curatolo 1976,
Surrendi and DeBock 1976).

Table 1. Date of first arrival of caribou on the Alaskan portion of the
calving grounds of the Porcupine herd (Curatolo and Roseneau 1977).

Arrival Snow cover Ma jor wintering
Winter date? (estimated) areaP

1970-1971 30 May heavy Ogilvie Mountains

1971-197¢2 26 May heavy southern Richardson Mountains

1972-1973 24 May medium central Richardson Mountains

197 35-1974 5 May light central-eastern Yukon coastal
plain

1974-1975 12 May light central-eastern Yukon coastal
plain

1975-1976 20 May medium central Richardson Mountains

“Date on which caribou crossed Alaska-Yukon Territory border.

Chres - : : o . .
Area nearest calving grounds where significant numbers of wintering
caribov were observed.
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Distribution, 1975.
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