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CONVERSION TABLE 

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

Multiply Metric S(l) Units To obtain American Units 

Centimeters (em) 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 (lb) 

Liters (L) 0.2642 Gallons (gal) 

Square kilometers (km2) 0.3861 Square miles ( 

Square kilometers (km2) 247.1050 Acres 

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) ( °Cxl.8) +32 Degrees Fahrenheit (°F) 
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Chapter l 

INTRODlH-:TION 

The Alaska National Interest Lands Conservation Act ( ANILCA) became law on ? 
December 1980 (Public Law 96-487). In addition to the numerous other 
orovisions contained in the act, Title X (Fecleral North Slooe Lands Studies, 
Oil anci Gas Leasing Program and Mineral Assessments) included orovisi ons for 
an assessment of the resources on the coRstcd plain of the Arctic National 
Wildlife Refur;e (Section 1002 - Arctic NRtional Hildlife Refuge Coastal Plain 
Assessment). The following materials are the complete text of Section l002(c) 
of ANILCA which mandated the baseline study orogrRm. 

(c) BASFLINF STUDY - The Secretarv, in consultation with the 
Governor of the State, Native Village and Regional Corporations, 
and the North Slope Borough within the study area and interested 
persons, shall conduct a continuing study of the fish and 
Hildlife (with special emphasis on caribou, vlolves, Holverines, 
grizzly bears, migratory HRterfoHl, musk oxen, anci polar bears) 
of the coastal Plain and their habitat. In conducti.ng the 
stuciy, the Secretary shall -

(A)assess the size, range, and distribution of the 
populations of the fish and wilcllife: 
(B)cietermine the extent, locati.on and carrying capacitv of 
the habitats of the fish and Hildlife; 
(C)assess the impacts of human activities and natural 
processes on the fish anci wildlife anci their hahitRts. 
(D)analyze the potential impacts of oil anci gas exploration, 
development, anci production on such Hi.lcllife and habitats; 
anci 
(E)analyze the potential effects of such activities on the 
culture and lifestyle (including subsistence) of affected 
Native and other people. 

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

The i.nitial report for the baseline study (U.S. Fish and l:Jildlife Service 
1982) Presented the status of the study as of mici-December l9Al. The baseline 
study continued from 1982 through 1985, anci the folloHing guide lines Here 
establisheci to define the scope of studies and reports: 

l. The baseline reports 
knowledge concerning 
cultural resources on 

Here intended to provide the 
the fish, Hilcllife and their 
the ANWR stucly area. 

current 
habitats, 

state of 
and the 

2. The baseline study reports 1-1ere not decision making documents, nor 
Here they documents that stated U.S. Fjsh and Wildlife Service (USFWS) 
policies or Positions on 
Regulations and accompanying 
anci Wilcllife Service 1983) 
served that function. 

oil and gas 
Environmentr~l 

requireci by 

1 

explorR tion issues. The 
Imoact Statement (U.S. Fish 
Section l 002 (d) of ANILCA 

__j 



?. The baseline studv reoorts were not a plannin~ Process or document. 

~-The baseline study reoorts or'esented fr~ctur~l information that 
desc~:ibed the surface resources of the area, and analvzed the impacts 
of the sei smir:: exol c1rati O'l proR:ram and ootential imp;:,ct.s of further 
exolorRtion, development, and oroduction of petroleum resources on 
those surface resources. 

T'l ad ition to the initial baseline renort (ll.S. F:i.sh and T·Tildlif'e :='.erv:ice 
l9R2), baseline update reports have been nreoared on an annuCJl basis (Gnrner 
anrl Reynolds loS?, Garner nnd Revnolcls 1084, Garner nncl Revnolc1.s J085, Garner 
2nd Revnolds loSfi). These reoorts detRiled nrogress on the :inc1iv:i.du;:<.1 
nrojects and included an overRll summarv thnt presented new information, 
chan~es, and adrlitions to the initial reoort. 

This volume constitutes the final report for the AN~R baseline studv of fish, 
H:ilcHife and their habitats, and cultural and subsi.stence resources required 
under Section l002(c) of ANILCA. Information Has derived from the field 
studies conducted from 1981 through 1985 on the ANWR studv area and a 
synthesis of available information from other sources, inc1udin,o; published 
sources, unoublished data, and reoorts in various agency files. Field 
investigations conducted from 1982-1085 by USFWS - ANWR staff and cooperators 
as Hell as studies for which refuge scientific Permits were issued are 
summarized in Table l. Data from these studies and inventories were also used 
to meet ongoing information and monitor in!" needs and for use in developing 
certain sections of the Report to Congress (ANILCA Section l002(h)). 

This reoort organizes information about the resources of the ANI,TR study nrea 
into several categ:ories: l) a general description of the studv area and its 
ohvsjcal environment (Chanter ?) ; 2) the state of knoHledP:e about the fish, 
•Jjldlife, habitat, and human culture and lifestyle resources of the study area 
(Chapters ~. U 5, 6, and 7): ~) the potential impacts of veophysjcal 
exploration and further exploration, development and Production of the oil and 
gac-; resources within the study area (Chapter 8). Fach chanter contains a 
literature cited section that is specifjc to that chanter. 

Becaw::e mucr of this information vl:ill he used extensively by profession::,l 
b~ologists and resource managers, the reference citations follm,r the style 
recommended hy the CBF Style Manual Committee (1983). Other conventions 
contained in this reoort were standardized to conform Hith the general style 
of the ,Journal of ~Hldlife Management, unless othervrise note<i. Usage and 
sc·clling for place names generally follow that of Orth 0967). Place names 
mentioned in the text, especially Inupiat names are not listed in Orth (1967), 
but mav be found in Jacobson and Wentworth (1082). 
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1"'1. Masteller 

P Hiller 
C'. 1'1oi to ret 
H. Hasteller 

5 

\J.C:.F 1:!.0 -Atn•.1R, 
F'c:.i rh::tnK::; 

lJ.~FP~.-ANHR, 

Fcti rhanJ..:s 

USFVIS-MJ\olll, 
Fairhctnks 

USFHS-ANT_,IR, 
Fairbanks 

USFT:/S-ANHR, 
Fair hanks 

lJSHIS-M:\olR, 
FairhnCJks 

USFHS-Ml\o/R, 
Fairbanks 

USHIS-AN\o!R, 

Fairbanks 

USFHS-APH!l, 
Fairbanks 

RPonrt:: 

.4rJ\·.1R Pr'of.l"rp:;:; 
RP:JOrt ro. ~·rr·,,')_Ltrt 

A~J\·,Ifi Prr:wress 
RPport CIG. pyAli_O c 

,ll.};I_ . .,;R Pror::ress 
RPoort I:o. FYALJ_J..·~b 

JUH·lR Progress 
RPport No. PYA~-7b 

ANt,JR Prcr:r~ss 

Report No. FYB~-Sh 

APHR ProRTess 
RPport ~o. FYPD-?h 

AN\>IR Pror:res.:: 
Report No. FYA"-Sh 

AKHR Prof(ress 
Report ~o. FY85-l3c 

AN~·n~ Pro2:r-=ss 
Recort ~o. FYA5-JWC 

J 



MiPr8torv bird use of 
coastal lClgoon cystem 
of the Beaufort Sea 
coastline wit~in the 
Arctic nrJ.tj on2l 
~lildli_fe Refu~e, 

Alaska, lQR4 

Movements of ~oltin~ 
olrlsquaw within the 
8eaufor~ Sea coastal 
l8~oons of the Arctic 
National 'clilrllife 
Refu~e, Alaska, 1084 

Distrj_hution, 
ahTJndancP, and 
Drorluc t i vj ty of 
~RJl staging lesser 
snow Reese on coastnl 
habitats of northPast 
Alaska and northwest 
Canada, 1~8~ 

Ecologv of lesser snow 
geese stagjnp on the 
coastal plain of the 
Arctic National l:.li1dljfe 
Refuge, Alaska, fall 
l gSLI. 

Distrihution, 
abundance, and 
oroducti vi ty of 
tundra swans in the 
coastal wetlands of 
the Arctic National 
Wildlife Refuge, 
Alaska, 1q84 

Distrjbution rJ.nd 
relative aburdance 
of golden eagles 
in relation to the 
Porcuoine caribou herd 
during calving and 
nost-calvin~ periods, 
J081J 

8jrds and mam~als 
along the Hulahula 

Terrestrial bird 
populations and 
habitat use on 
co2stal plain tundra 
of the Arctic 
National Wildlife 
Refuge 

Jr;vestir;rJtors 

A. Rrackne~r 

J. Morton 
,}. Noll 

A. Br'lckney 
J. t1or ton 
J. Noll 
v :0a2te~1er 

R. Oi'!tes 
A. Rrrtckney 
t-1. '1asteller 

A. Bracknev 
t1. Masteller 
J. t1o"ton 

A. Brackney 
J. ~1orton 

,J. Noll 
M. t1asteller 

F. !'-1auer 

P. !;ill 
M. Amaral 

R. o,tes 
D. Douglas 

" Mdlhorter 
c. Babcock 
R. Field 

"· Gehman 

'· Maxwell 
J. Morton 

6 

Affiliation 

USFl:.lS-A.N\-F\, 

Fa i_rbcmks 

USFH3-ANHR, 
Fajrbanks 

lJSFHS-MiVJP, 
Fa i_rbanks 

IJSHIS-M:\'IR, 
Fairba'lks 

USFHS-ANI'IR, 
Fairbanks 

IJSFHS-ANVJR, 
Fairbanks 

USFHS, Anchorage 

USFHS-ANHR, 
F2irbanks 

MJHR Pror-ree .. s 
Report No. FY85-llc 

MJ\'iR Proi'ress 
Reoort No. FY85-l?c 

f\,~:~~-}R Prop-re.'3~ 

Report ~o. FYRS-7c 

!1.~; 1,,'R Progress 
Report No. FYA5-AC 

ANHR Progress 
Report No. FY85-l0c 

MIHR Prrwress 
RPnort No. FY85-3c 

Trio report on file, 
AN\,JR, Fairban!<s 

ANVIR Prof'ress 
Report No. FY 86-l7d 



Table 1. Continued. 

Resource Year 

Mammals 

Caribou 

ProJect title 

Species accounts of 
migratory birds at 
eight study are2s on 
the coastal olain 
of the Arctic 
National Wildlife 
Refuge, Alaska 

Mi?ratorv bird LlSP of 
the coastal la~oons 

Tnvestjf!ators 

R. Clates 
M. McHhorter 
D. Dou~las 

Bnhcock 
p. FiPlrl 
s. Gehmrtn 

T. M2XWPll 
,T. Morton 

A. Brackney 
R. Platte 

svstem of the Beaufort J. Morton 
Sea coastline within 
the Arctic National 
Wildlife Refuge, 
Alaska, l o85 

Habitat use and 
behavior of molting 
old squaw on the 
coast of Arctic 
NRtional Hildlife 
Refuge, AlRskR, lgBr, 

Distrihution, 
abundance and 
productivi~tY of 
fall staging lesser 
snow geese on coastaJ 
habitats of northenst 
Alaska C~nd northwest 
Canarla. 

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

Di.stri.bution, 
abundance and 
productivity of 
tundra swans in 
coastal wetlands 
of the Arctic 
National Wildlife 
Refuge, Alaska, 
1085 

Distribution and 
relative abunrtance 
of golden eagles 
in relation to the 
Porcupine caribou herd 
during calving and 
post-calving periods, 
1985 

Evaluation of 
techniques for 
assessing neonrttal 
caribou calf 
mortalitv in the 
Porcupine caribou 
herd 

A. Rracknev 
R. PlC~tte 

R. OC~tes 

A. RrA.cknev 
M. t1cHhorter 
R. Platte 
J. Morton 
r;, Muehlenharot 
c. Bitler 

A. Rracknev 
R. Platte 
J. t1orton 
D. Hh i ting 

A. Bracknev 
R. Platte 

F. Mauer 

F. Mauer 
G. Garner 
L. Martin 
G. Heiler 

7 

Afflliatlon 

IJSFHS ANI-!R, 
Fai rb;mks 

IJSFHS-ANHR, 
Fairbank~ 

USFVIS-MIPR, 
Fairhar:.ks 

lJSF,IS-MJHF, 
Fairbanks 

IJSr\·IS-MJl:lR, 
Filirbanks 

IJSHIS-ANHR, 
Fajrhanks 

IJSF\>IS-AN\·IR, 
Fairbanks 

USFHS-MJ111R, 
Fairbar.Ks 

Reports 

iUJHR ProQTPSS 

Report No. FY 86-lBd 

AYl.,JR ?rosrress 
Report No. FY 86-lcrl 

M"JR Pro~ress 
Reoort No. FY B6-l7rl 

PJJI:JR Progrces s 
Reoort No. FYAE-lnrl 

fl.NI·TR Pror-re.c: s 
Report Uo. FY 86-ll~ 

i\PHP P!'"'op;ress 
Reoort No. FY3h-l<d 

AN\.JR Progress 
Reoort No. FY85-4d 

A}:HR ~!"'O!lress 

Report No. FY 8~-~~ 

_j 



Yea:' Project titJ_e 

Fall, winter, and 
sprin§! ~istrihutjon 
af the Porcupine 
c<=J.r i hou he:-ri, 
l08l-l032 

Size and conposition 
of the Porcupine 
caribou herd, l08? 

SttJdi~s of the Central 
Arctir caribOtJ ~erd 

Stlrvevs oF the Central 
!1.:-ct l_c; carl hou he:-rt 

M~gr~torv Pnerget~rs 

of C'arihnu 

SizP and comnosition 
of the PorcuoinP 
caribou herct, 1082 

Calving rlistrihlJtion 
and :'._nlt:ial 
productivity in the 
Porcupine caribou 
herd' 1 o82 

.Studies of the 
Porcunine caribou 
herd, lD2?-lD8'1 

rRlVinp distrihtJtion, 
j ni tia1 prorlucti vi tv. 

Investigators 

K. \•lh it ten 
R. Cameron 

K. \olhi t ten 
R. Cameron 

R. Cameron 
K. Whitten 

L. D•1quette 

K. Vlhitten 
R. Cameron 

K. Hhitten 
R. Cameron 

K. Hhitten 

K. Hhitton 
G. Gr:trner 

r:tnd neonatRl mor~Rl~tv F ~auer 

of the Porcupine 
caribou herd, 1083 

Probe: Soatial and 
temoora1 distrihutjon 
of hi tin!! and 
parasitic insects on 
the coastal olain and 
adjoining foothills 
of the Arctic National 
Hildl ifP Reftwe, Alaska 

Yearling mortalitv 
study of the Porcupine 
caribou herd 

Spring migration and 
staging of male 
cari. hou in the 
PorctJoine caribou herd 

Behavioral, foraging, 
a~d r.ovement patterns 
of a cow carihou 
Curj_ng sprinp: 
migration of the 
Porcupine caribou herd 

L. Pank 
E. Friedman 
C. Curhv 
A. Jones 

L. Duouet te 

8 

Affi lLetion 

Alaski'! Dept. of 
Fj sh and Game 
(ADF&G), Fairbanks 

ADF&G, 
Fairbanks 

ADF&G, 
Fairbanks 

RenewablP 
Resources 
C:onsultinp: 
Services Ltd., 
Anchornge 

Univ. Alasl<r=t, 
Fai rhanks 

AllF&G, 
Fairbanks 

ADF&G, 
Fairbanks 

ADF&G, 
Fairbanks 

ADF&G, Fairbanks 
nsniS-ANWR, 
Fairbanks 

USFl,.JS-Research, 
Fairbanks 

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

Canadian Wildlife 
Servicfo ( CHS), 
Hh i tehorse, Y. T. 

Uni v. Alaska, 
Fairhank~ 

Reports 

ADF&G Interim 
Report, l932a 

Work in progress 

Work in progress 

Status unknown 

Hork in prof'ress 
(M.S. Thesis) 

ADF&G Interim 
Report, l983b 

ADF&G Interim 
Repnrt, l983b 

ADF&G Preliminary 
Report, l984b c 

ANHR Progress 
Report N~. FY84-l2b 

DHRC Progress 
Report, l984b 

Work in progress 

Work in progress 

M.S. Thesis 



Table 1. 
continued. 

Resource Yen.r 

1 ass 

Project title' 

DevPlopr:~=mt r:tnci 
alteration of movpmenr 
patterns in the Central 
Arctic caribou herrl 

Surveys of t~e Centr2l 
Arctic cr:trihou ~Prrl 

Survevs o~ t~8 Central 
Arctic caribou herrl 

Fall and \·!in te!' 

mover..Pnt.s, 
distribution, and 
annual mortalitv 
oatterns of the 
Porcuptne car-Lbon 
herd, 1083-1984 

C3Jving distrihntion, 
i~itial productivity, 
i'!nd neonatal 
mortalitv of the 
~orcupine cr:tribou 
herd, l gS!i 

Probe: Spi'!t ia 1 C~nd 

temporr:tl distr~hution 
nf b.;tinp ond 
p~rasitic insects on 
t~e coastal nlain anrl 
actjoininv footl1ills 
nf the Arctic National 
1:Jilcilife Refur:;e 

Ye2rlinR mortalitv 
of the Porcunine 
caribou herrl 

~oring mi~ration anrl 
~tar-inr:: of male 
cctribou in the 
Porcupine carihou herd 

Occurrence of Centri'!l 
P.rctl c 'lerd c?.ri hou 
:in the Arctic 
tJational Wilrllife 
ReFuge during the 
snrinv and S11mmer 

Fall and Hinter 
movementR, 
distribution, and 
annual ~ortalitv 
oatterns of the 
Porcupine rarihou 
herd, l 08S 

Movements of the 

herd prior to, durin~, 

and after calving 

Yortality of neon2tal 
caribou calves in ~hP 
Porcupine herd 

P. C::J.:-:-IPron 
:,: tte11 

K, t·}b ~- t ten 
D Mauer 
G. Gn.rner 
D. Russell 

K. \·}hit ten 
F. ~,fnucr 

L. Pank 
c. Curb\' 
P. tlanki ve l1 

c. S~mor. 

'L 1:1rir:.ht 

'l. Russell 

A. ~18rtel 

f1. Russell 

P.CameroP 
K. ;.r~ :i t tf?n 

K. 1,1,1h:i ttAn 
F. Hauer 
G. Garner 

F. i"auer 
v 1:!h ~ t t Pn 

G, Garner 

F. ~-1auer 

r;, Garner 
K. 'dhi t ten 

9 

.'.DF\G, Fai 

RenPw:=thle Resourc~s 

ronsulting Scrvic~~ 
Ltri., r"'nc''loraP"e 

Alaskn Giologir2l 
R0search, fajr~ank~ 

Rpoo:ts 

.~.DF&G TntPriffl 
P<?oGrt :Jn :~i 1 r:, 

' ~;=:1 j 

StCt tus unknovm 

ADF&G, Feirhanks ANWR Prnprpss 
lJSFI:.IS-A.I'Jl.'.rR, Fa_i rbanks Jioport ro. FY85-l 7c 

lJSFWS-ANWR, Fairt~nks 

~ws. W~it0~orse Y.~. 

ADF&G, Fairbanks ANWR Provress 
USFWS-ANWR, Fa~rbanks 8eoort No. FY8S-1SC 
USFWS-ANWR, FRirhanks 

ll2FI.r,IS-Hesearc;h, 
Falrha!1ks 

Yuko!1 Dept. of 
Renewable Resource~, 
W~itehorse, Y.T. 

C:~·!S, hfhite~orsP, 

Y.~. 

ADF&G, 
F". i rbanks 

m,mc 
Provrcss Reoortc 

Vork in pro~res2 

Work in progress 

ADF&G Preli~tnarv 

Reoort, J08~c 

ADF&G, Fairhanks ANWR Prorrre~s 

USFWS-ANWR, Fairbanks Report No, FYBF-?ld 
USFWS-ANVIR, Fairbanks 

USFHS-At:!:!R, Fairbnnks Jl.fl:}R Progress 
Reoort No. FY86-6c 

USFl:.lS-At:T:.lR, Fairbanks A~1\·.lP ?rogress 

USF\·,1S-AN1:.7R, Fairbanks Repnrt No. FY86-22'
1 

ADF&G, Fair'Janks 



n l. (~"''1~" 

loR? 

JDR4 

l 

Invest iP:a toY·:: 

Porcupine caribou h~rd K. Whitten 
population c0n~u~ et al. 

ni.strihutinn of ~. P~rk 

biti~R and pnr~sjtjc 
insects ~~hich ~av 
affect Porcupine 
caribou 

AssPssmPnt of imp~0ts 
nP Porc11nine c~rihou 
hPrrl 

f • P:onk 

~ove~ents of ~~telllt~ L. P~nk 

cnll2rPd rarjho\1 j~ 

~he Pnrcunl~e and 
Central Arctic her~ 

Movemc~t p~tterns ~n 

i~ thP ~~ntral Arctic 
c2ri~ou h~rrl in thP 
Arctic Nation"ll 

ldlifc Refu~e in 
~pring and summer 

?opl1lation size, 
nroductivitv, and 
distribution of 
muskoxen in thP 
Arctic National 
Hi1dlife Refwze, 
Alaska 

romparative habitat 
use bv muskoxen in 
northern A1asl<a 

Porulation dynamics 
onrl rlistrcbution of 
muskoxen in thr?
Arctic ~!atio~:=Jl 

Hildlife Refuge, 
Alask;e 

Compar;etive habitat 
use by muskoxen in 
northern Alaska 

Population anrl herd 
dynamics, distri
bution, movements, 
and hahtt~t use of 
muskoxen i~ the 
Arctic National 
Wildlife Refuge, 
Alaska, lg82-lg84 

Effects ot winter 
seismic exoloration 
"1Ctiv:i_ties on 

Arctic Natio'lal 
1.'Ji_ldl i fe BefugP, 
Alaska, Januarv- Mav 
108/J 

Compartive habitat 
use ~v muskoxen in 
"orthern Alnska 

l:I. Repel in 

P. R<?v'lolds 
L. M;ertin 
G. l·.lei_l er 

C. O'Rri2n 

P. Revno ld.s 

L. MClrt in 
T. 'di lmers 
T. Dovle 

C. O'Brien 

P. Revnolds 
L. HC~rtin 

r:. Heiler 
J. Noll 
J. Morton 

P. Revnolds 
D. LaPlant 

C'. O'Brlan 

10 

llSFI·rS-R~:::Parch, 

Fr1irhank.c: 

lJSF\•J.S- G:0sParr h, 

Fnirhr~nks 

USF 1J.~-Re;:;e~rr::b., 

F?. i ,...h~nks 

ADF&G, Fajr~anl<s 

ADF&G, F~irbanks 

lH·.IRC Progress 
~eport No. FYA6-?~ 

f1l,·JRC Prop;ress 
Rcoort No. pyp~_,d 

PH?C ProP"ress 
Peoort N0. FYPf-4d 

ADF&G Report on 
file ANHR, Feirbanks 

USFWS-AKHR, Fairha~ks ANWR Progress 
Report No. FY33-7 8 

Univ. A.lc.skrt, 
F.:::d ;otanks 

US fl.r.IS-A "Jl:,IR, 
F::J l rhnnks 

Uni v. .l\l2ska , 
Fa:i_ rbanks 

USF':JS-AN':JR, 
Fair hanks 

llSPT·.i~-fJ.NT)R, 

Fairhanks 

l;r,i ',T. Al?.ska, 
F2irta~ks 

~ork in proRress 
P-~.:3. 'Thesis) 

AJ' 1.'rR Pror-ress 
Renort No. FY31!-lQ"l 

Work i~ progr~s~ 

(t~. S. Thesis) 

Jl.NHH Prog:ress 
Report No. FYBS-1° 

Jl.Pi:IR Progress 
Report No. FY85-2° 

Work in progress 
(M.S. thesis) 

J 



Table l. Continue~. 

Resource 

Moose 

Marine 
Mammals 

Year 

1983 

1985 

1982 

Project title Investigators 

Ecology of muskoxen P. Revnolds 
on the Arctic J. Herri~es 

National Wilrll~fe M Masteller 
Refuge, 198?-1985 

Movements and activity P. Revnolds 
patt0rns of a s0te~lite 

collared muskox on 
the Arctic National 
Wildlife Refuge, 
19811-1985 

Fffects of aircraft 
overflight.~ on 
muskoxen on the 
Arctic NationCJl 
Wildlife Refuge, 
1082-1085 

Fffects of winter 
seismic exploration 
rtctivities on 
muskoxen on the Ar~tic 
National Wildlife 
Refuge, 1982-1985 

Comparative habitat 
use by muskoxen i~ 

northern Alaska 

Populat1o~ size, 
composition, anG 
distrihutio~ of moose 
along the Canning and 
Kongakut Rivers within 
the Arctic National 
Wildlife Refuge, 
Alaska, fall, 198? 

Population size, 
composition, and 
rlistrihution of moosP 
olong the Cannin" a~d 
Kongakut Rivers in 
the Arctic Natton~l 
Wildlife Refuge, 
Alaska, spring 
and fall, 1084 

Population size, 
composition, and 
distribution of moose 
along the Canning anrl 
Kongakut Rivers in 
the Arctic National 
Wildlife Refuge, 
l98S 

Polar bear oopulation, 
movements, and rlennin~ 

P. Revnolds 

P. Revnolds 

c. O'Brian 

L. i'~8rtin 

G. Garner 

L. Martin 
G. Garner 

G. Garner 

Amstrun 

Polar bear population, S. Amstruo 
movements, a~d denning 

BoHhead tissue sa:1ple T. Albert 

11 

Affiliation 

USFhlS-A.tJhlf\, 
Fairbanks 

USFHS-ft.'ll:JR, 
FCJirbanks 

USF\-IS-ANV!R, 
Fairbanks 

USFflS-ANHR, 
Fi'!trhanks 

Uni v. Alaska, 
Fairbanks 

USF\•!S-MJv/R, 
Fairbanks 

USFT:TS-ANh1R, 
Fairbanks 

USF\oiS-ANHR, 
Fairbanks 

USFI·'S-Research, 
Anchorage 

USFl,,JS-~esearch, 

Anchorage 

North Slope 
R~vlronf'1Pnt 

~rotection Office, 
RrtrroH 

ArJt·.lR Progres~ 

Report No. FY2fi-2d 

AlJldR progress 
Report No. FY86-sd 

MJ\o!R Progress 
Report No. FY8fi-8rl 

ANHR Propress 
Report No. FY86-24d 

Hork in pro8ress 
U1.S. thesis) 

ANHR Progress 
Reoort No. FY 84-4b 

ANHR Progress 
Report No. FY BS-6° 

AN\oiR Progress 
Report No. FY 86-grl 

Work in propress 

Work in progress 

Status unknovn: 

- j 



-------------·---·--~-·--------------------····~-····----- ----

Arct.ic NAttonnl 
\>/i Refu;;:e 

'1. Phill:'p:1 

G. 
H .. 
L. 
G. 1:/e~ler~ 

:-!or to;, 
Noll 

"·1. 

12 

Pr:iv. AlB.skEt, 

f'.~Jh!R 

Re~ort 

'•'.iO!..,k 

(i'L t!lesjsl 



Year 

~Jol 

der: in 
vet' dra_i_nage 

ts of 
the 

Ko"!gakut River 

wolves 

fe 

il~ins 

L. 

. \·leiler 

G. 

B. 

F. ~<auer 

13 

Fa i rhanks 

Ur:i \'. f1laska, 

USF'r/S-AN''IH, 
Fa.i 

ANYJR Pr·cgress 
No. 

Reoort No. FY86-3d 



F~'-':";O'JrCC: Year 

Fish 

Pro_lPct tit l_e 

Micr0tine rodents anrl 
~round squirrels of 
the cnastal plain and 
foothills of t~e Arctic 
National Wild1ife 
Refu~(?: distributions, 
densities, and ?eneral 
ecologv 

Investlv?.tor:=:; 

Microtines and C. Babcock 
ground sauirrels of 
the const~l plain 
of the 1\rctic Ucttional 
Wildlife Refuge: 
Notes on distributions, 
densities, and general 
ec ologv 

Small mammal s pee i men 
collectinf' 

Microtine rodents and 
ground squirrels of 
the coastal plain and 
foothills of the Arctic 
National Wildlife 
Refuge: di.strj hut ion, 
densitjes, and general 
ecology 

S. HcJJonald 

C. Babcock 

Food habitats of 
microtine rodents 
on the Arctic 
national Wildlife 
Refuge 

C. Rabcock 

Vegetation patterns 
and microttne rodent 
use of tunrlra 
habitats in 
northeastern Alaska 

Aauatic studies on 
the north slope of 
the Arcti~c national 
vii ldli fe Refuge 
191ll and l9R2 

Environmental 
characterization 
and biological use of 
lae;oons in the east~?.rn 
Beaufort Sen 

Fisheries studies on 
the north slooe of 
tile Arctic Nat j_ona l 
Hildlife Re'furze, 1083 

Ahundance, 
rlist~ibution, and 
rliversi tv of :=Jn1J:::'!t i0 

macroinvertebr8tes 
on the north slooe 
of the Arctic national 
Wildlife Refuge, 1082 
and 1983 

C. Babcock 

H. Smith 
R. G~esne 

D. llaum 
P. Rost 
M. S"lith 

R. Glesne 
S. Deschermeier 

14 

Uni v. P1 l ask a, 
Fajrhanks 

Uni_v. Al?s/:"~, 

F~j_rbanks 

Uni v. Alaska, 
Fairbanks 

Univ. Alaska, 
Fairbanks 

Univ. Alaska • 
Fairbanks 

Univ. Alaska, 
Fair hanks 

USFI-IS-F8irbanks 
Pisherv Resources 
(FFR) 

L.G.L. Fcological 
Research Associates 
Inc., Bryant, Texas 

USFHS-FFR, 
Fairha'lks 

USFHS-FFP. 
Fairbanks 

Reports 

f'l.~H,IR Pror:ress 
Reoort Uo. FY84-3h 

ANl:JR Progress 
Report No. FY85-l5c 

Results on file, 
AN\•IR, Fairbanks 

AN\\fR Progress 
Report No. FY86-15d 

ANHR progress recort 
Report No. FY86-zod 

H.S. Thesis 

FFR Progress 
Report FY83-1 3 

Final recort for 
Outer Conti'lentctl 
Shelf Environ. 
Assessment profram 
fJOAA, ,Juneau 

FFR Progress 
Reoort Uo. FY 84-lb 

FTR Progress 
Report Uo FY84-2h 
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h lc~ l. +-~ i nuc:~. 
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CHAPTER 2 

DESCRIPTION OF THE STUDY AREA 

Location 

The study area is an irregularly shaoed portion of the northern coastal plain 
and foothills of the Arctic National \tJildlife Refuge (ANWR), lyinpr het•rJeen 

142o and 146° \<J and north of 69° 34' N, covering a poroxj_mately G?O, OC)O ha. It 
includes 135 km of Beaufort Sea coastline between the mouths of the Canning 
and Aichilik Rivers (Fig. l), excluding approximately 50 km of coastUne of 
26,700 ha owned by the Kaktovik Inupiat Corporation (Fig.2). The villa,ge of 
Kaktovik (population 203 in 1983) and the adjacent U.S. Air Force DisL:;nt 
Early Warning (DFW) site on Barter Island reoresent the onlv nermanent 
settlement in close proximity to the study area. 

Land Status 

ANWR is bordered on the east by the Yukon Territory, Canada. Adjoinjng lands 
along the western and portions of the southern boundaries of ANWR 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 boundary of the refuge is the Yukon Flats National Hj ldlife 
Refuge. 

Approximately 26,700 ha of land within the ANi.~fR boundary along the 2rct ic 
coast between Camden Bay and Oruktalik Lagoon (Fig.~?) has been convevecl t,o 
the Kaktovik Inupiat Corporation (KIC) according to provisions of the ANCSA. 
ANILCA provided for an exchange of lands which would allo-vJ for conveyance of 
an additional 9,324 ha of refuge lands to KIC, which are adjacent to existing 
corporation lands. This exchange has not yet been comoleted. Native land 
entitlements within the refuge (except for Barter Island) originally included 
surface rights only. The subsurface estate was retained by the Federal 
government. The Federal governrnen t and the Arctic Slope Regional Corporation 
(ASRC) signed a land exchange agreement on 9 August 1983 which tr·a!1~:;fen·ecl 
ownership of the subsurface estate beneath the KIC lands from tLe government 
to ASRC in exchange for ASRC holdings outside of AW,,TR. Public easements 
across Native lands for trails, survey access, util 1 t:ies, and tr·ansportation 
of energy, fuel, and natural resources were reserved. 

Forty-four approved Native allotments and allotment applications oending 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 l98S. 

Physiographic Setting 

Two of the major physiographic provinces of North A~cr~~? Pvtend into northern 
Alaska the Interior Plains and the Rocky fv1ountain 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 is a bow-shaoed belt of rugged mountains extending nearly 
1000 km from the Canadian border to Caoe Lisburne on the Chukchi Sea, and 
rising .in elevation to over 2700 m in its eastern sections. The Romanzor 
Hountai :1s of the easter·n Br·ooks Range curve north to Hj thin 30 km of the 
Arctic Ocr=:an. The range forms an abrupt scarp on the north side, 1-vhere it 
facec: the"! lov1, ,~olling plateaus and mountains of the Arctic Foothills, which 
1r, turn range from 180 to 1700 m i_n elevation. In the eastern Arctic, the 
~>elt ~Jf foothills is more restricted and the Romanzof Hountains front almost 
rlirectly on the study area. 

The 180 m contour is generRlly considered to represent the break separating 
the~ Arctic Foothills from the Arctic r:oastal Plain, although this distinction 
i.e: less apparent in the eastern sections. The coastal plain rises graciually 
from sea level, with its shore generally rising less than 15m, and frequently 
l s than ~ ~ ;-:1bove the Beaufort Sea. The Arctic Coastal Plain province is 
n8rrow (15-2~ kffi) and not well defined at its eastern end, widens to 
aopccJxin;ately lf)O km south of Point Barrow, then converges vii th the Arctic 
Foothills at Cape Beaufort. Wahraftig (1965) divides the Arctic Coastal Plain 
orovince into the flat, lake-dot ted Teshekpuk section on the v1est and the 
rrer1tlv unduiating ivhite Hills section to the east. The ANWR .study area lies 
entir·ely ~<'i thin the latter section. Except for a few small areas of flat 
coa2tal plain, rrnst of the terrain is rolling and merges gradually with the 
Arct.i c ?oothU ls to th'" south that comprise a large proportion of the total 
:::·".:1 area. 

7he flr0tin Coa~tal Plain is poorly drained, and crossed by rivers of generally 
·lmJ grelriient v:hich head in the highlands anrl mountains north of the Arctic 
Di'Ji.de. ~·llE~.e rL·-·crc:> of the c-Jestern coastal olain (such ;o_s the Colville and 
Meade Rivers) ~end to be meandering and deeoly incised, those to the east run 
more directly north and disolay the braided channels and hroad gravel 
flocc!olains characteristic of glacial streams. Some of the eastern rivers, 
:raining the higher·, CJ.cier-clad mountRins of the Brooks Range, are actively 
building deltas into the Arctic Ocean. Within ANWR, the largest drainages are 
-hose of U1e c:annjnr; and Kongakut Rivers, the latter flowing entirely within 
the ANHR wi lclerness e,ast of the study area. The principle drainages within 
the study areCJ. are the Canning, Tamayariak, Katakturuk, Sadlerochit, Hulahula, 
C:k")i 1ak, J::>,p:o, and Nie;uanak Rivers (Fip:. 2). 

Th>'' coastlin,-; of the Beaufort Sea is irregular and characterized by a series 
cf oarrier islands and lagoons, beaches, submerged hars, spits, and river 
deltas resulting from longshore erosion, transport, and deposition of fluvial 
"!nd marine sediments. This is in contr·ast with the Chukchi Sea coast to the 
west of Point Barrow, which is more regular with fewer islands, inlets, and 

Bedrock Geology 

The regional geology of the Arctic Coastal Plain has been reviewed by Adkison 
<''nd I3rosf!e ~ 1970), U. 5. flavy ( 1977), and Mast et al. ( 1980). Descriptions of 
rock units viithin the eastern coastal plain can be found in Reiser et al. 
(197] and 1980). The following discussion is derived largely from these 
sources. 
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ANWR study area is ~ocated in_ an area of .stratigraphic and structural 
The 

1 
·ty where 3 reg1onal sedlmentary provlnces (the Arctic Platform 

oomp exl ' ' Colville geosyncline and Camden-Demarcation Basin) anci ~ major structural 
features (the Brooks Rang~ fold belt, RarroVJ Arch, and Barrow Platform edge) 
converge and overlap. Thls roc_k. sequen~e has been further complicated by a 

·es of erosional unconformlt1es whlch have resulted from removaJ of ser1 . . · 
rtions of the sequence durlng the geologlc past. Beneath this sequence is a 

~~sement 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), VJhich formed Hhen northern Alaska lay beneath a shallow sea and 
the source of sediments Has 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. 

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

Ouaternarv Geology 

Glaciers coverect about half of Alaska duri.ng 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 i.ce 
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 1075, Pewe 1975). Somewhat more area 
was covered by Illinoian and pre-Illinoian glaciers than Wisconsin glaciers, 
particularly in the Hestern Brooks Range, but also in the northeast portion of 
the range. Late Wisconsin and Holocene age glaciers Here successively less 
extensive (Coulter et al. 1965) . 
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JlJ tf>o r::ost of the Arctic Coastal Plain remained unglaciated during the 
Pleistoce~e, glacial moraines of early or middle Pleistocene age do extend to 
within 30 km of the present coastline on portions of the narrow eastern 
:oastz,l plain Hhere the high mountains Rre in closer proximity. All of the 
coastal ain is covered by a mantle of Quaternary age glaciofluvial and 
marine deposits known as the Gubik Formation, which ranges in thickness from a 
few to 50 m and consists of slightly consolidated brown gravels, sand, silt, 
anri clay (Detterman et al. 1958, O'Sullivan 1961). This formation consists of 
jr,terbeddecl fluvial and marine sediments rleposi ted during alternating periods 
of' glacial oubJash and marine transgression. Hithin ANHR, a broad area of 
fllHatile - deltaic sediments extends onto the coastal plain, thus fluvial 
deposits tend to predominate vJithin this formation. To the west, the Gubik 
d~pcsits are primarily marine (O'Sullivan lo61, Pewe lo75). 

Recent fluvial and colluvial orocesses have eroded and reHorked earlier 
Quaternary deposits. Alluvial deposits on the eastern coa:stal plain consist 
of vlell worked, poorly to well sorted :silt and gravel on floodolRins and low 
terrRces. Hell developerl alluvial fcms are present near the coast on most of 
the larger rivers Hithin the study area, and some are actively building deltas 
into the Beaufort Sea. Further inland, where there is more topographic 
relief, colluvial deposits resulting from lanrlslides, frost action, and 
sheetfloH are common (Reiser et al. loBO). 

Periglacial Features 

The term periglacial Has 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 v.1hich 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 regi_on in vlhich continuous permafrost, frost action, mass-Hasting of 
frozen ground, and thermokarst erosion are widespread and significant factors 
governing geomorphic processes within surficial deposits. 

Perm8frost is defined as any earth material, soil or rock, Hithin which the 
temperature remains below 0° C for 2 or more years, regardless of the amount 
of moisture present (Muller 1947). The Arctic Coastal Plajn and the ANHR 
study area lie entirely Hi thin 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 
Hater remains unfrozen throughout the year. Permafrost is present under the 
coastal Haters of the Beaufort Sea, although its extent and characteristics in 
this i'lrea are unknown. Relict subsea permafrost i:s known to exist in areas of 
coastal retreat (Lewellen lo74). 

The thickness of the oermafrost layer is thought to exceed ilSO m under some 
oa~t-~c: of ~he coastal plaj_n, although the averap;e depth is 200 to 300 m in 
areas of flat coastal lowland underlain by thick, unconsolidated sediments 
(Pel-le 197c;). On the eastern coastal olain, v.rhere there is more relief, deep 
deposits are not as extensive, thus the average permafrost thickness is likely 
to be considerably less. 
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easonally thawed ground overlying oermafrost is termed the 

The layer " tive layer. The depth of tha~V depends upon topography, microclimate, 
80 t t. n surface moisture, and the thermal characteristics of the soil 
vege a 10 , . (Washburn 1973, Pewe 1975). The th1ckness can also vary from year to year due 

varying climatic conditions. ThaH depths range from less than 15 em in 
:~lder coastal areas to depths greater than 1 m in some river beds and exposed 
bedrock. 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 
characteristics 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 distri hut ion of vegetation types, and 
sensi ti vi ty 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 ~0 em) 
were found to be extremely variable in the study area, ranging from 0 to 80% 
(Felix et al. 1986a). Ground ice in the thaH lake plains near Barrm,r ranged 
from 50 to 75% in the upper 2 m, and was pri_marily 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 Rjver (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). In the thaw 
lake plains near BarroH, 10 % of the perennially frozen near-surface soils are 
composed of ice wedges (Brown 1967). In general, ice v.redges are formed when 
surface deposits exoosed to subfreezing temperatures contract and crack, 
usually in a polygonal pattern. These cracks are filled Hith meltwater during 
the folloHing 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 oingos; isolated, conical ice-covered hills, 20 
to 400 m in diameter and up to 70 m high ( Pewe l g75). These tend to form on 
nearly level ground (usually a draining lake bed) when unfrozen ground Hater 
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 usually reoresent 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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Altho most of the Arctic Coastal Plain remained unglaciated during the 
Pleistocene, glacial moraines of early or middle Pleistocene age do extend to 
wit~in 30 km of the present coastline on portions of the narrow eastern 
c'oastcil plain Hhere the high mountainc:; are in closer Proximity. All of the 
coastal plclin is covered hy a mantle of Quaternary age glaciofluvial and 
marine deposits known as the Gubik Formation, Hhich ranges in thickness from a 
feH to 50 m and consists of slightly consoUdated brovm gravels, sand, silt, 
and c (Detterman et al. 1958, O'Sullivan 19~1). This formation consists of 
i'lterhedriecl fluvial and marine sediments deposi_ted during alternating periods 
of glacial outwash and marine transgression. \'.fithin AN\,1/R, a broad area of 
flu,.ratjle- deltaic sediments extends onto the coastal plain, thus fluvial 
denosits tend to predominate within this formation. To the west, the Gubik 
deposits are primarily marine (O'Sullivan 1061, PeHe lo75). 

Recent fluvial and colluvial Processes have eroded and reworked earlier 
Ouatern:::try deposits. Alluvial deposits on the eastern coastal plain r:onsist 
of 1--1ell Horked, poorly to Hell sort en silt and gravel on floodplains and low 
terraces. \-Jell developed alluvj al fans are present near the coast on most of 
the larger rivers within the study area, and some are actively building deltas 
into the Beaufort Sea. Further inland, where there is more topographic 
relief, colluvial deoosits resulting from landslides, frost action, and 
sheetflow are common (Reiser et al. lORD). 

Periglacial Features 

The term periglacial Has originally introduced to describe the climate and 
climatically controlled features of an environment adjacent to glacial ice. 
Wac:;hburn (1973) and Pewe (1975) have since expanded this definition to include 
any environment which hac:; 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 ANHR study 
area, a region in Hhich continuous permafrost, frost action, mass-wasting of 
frozen ground, and thermokarst erosion are widespread and significant factors 
governing geomorphic processes within surficial deposits. 

Permilfrost is dPfined as any earth material, soil or rock, Hi thin which the 
tPmperature remains below 0° C for 2 or more years, regardless of the amount 
of moisture present (Muller 1947). The Arctic Coastal Plain and the ANHR 
study area lie entirely VIi thin the zone of continuous permafrost (Ferrians 
1965). In this zone, permafroc:;t occurs everyHhere beneath the surface except 
under a few deep lakes, deep rivers, and some coastal areas Hhere surface 
v.Jater remains unfrozen throughout the year. Permafrost is present under the 
coac:;tal Haters of the Beaufort Sea, although its extent and characteristics in 
this area are unknoHn. Relict subsea permafrost is known to exist in areas of 
coasti'!l retreat (LeHellen 1074). 

The thickness of the oermafrost layer is thought to exceed fiSO m under some 
02rtc: of the ;:coastal plain, although the average depth is 200 to 300 m in 
areas of flat coastal loHland underlain hy thick, unconsolidated sediments 
(Pehre 197c;). On the eastern coastal olain, vrhere there iR more relief, deep 
depoc:;its are not as extensive, thus the average oermafrost thickness is likely 
to he considerably less. 
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la er of seasonally thaHed ground overlying permafrost is termed the 
;~~ive y layer. The de?th of tha1-1 depends upon topogr~ph~, microclimate, 

t tl
. on surface mo1sture, and the thermal character1st1cs of the soil 

vege a • . (Washburn 1973, PeHe 1975~·. The th1ckness can also vary from year to year due 
to varying climatic cond1 t1ons. ThaH depths range from less than 15 em in 
colder coastal areas to depths greater than 1 m in some river beds and exposed 
bedrock. Over most of the study area thaH depths range from about 15 to 45 
em but can be highly variable depending on microsi te characteristics (Felix 
et' al. l986a). More detailed relationships of thaH depths to terrain 
characteristics are presented i.n 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 distri hut ion of vegetatinn typFs, and 
sensi ti vi ty 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 permafroRt (upper ~0 em) 
were found to be extremely variable in the study area, ranging from 0 to 80o/, 
(Felix et al. l986a). Ground ice in the thaH lake plains near BarroH ranged 
from 50 to 75% in the upper 2 m, and Has primarily composed of small ice 
segregations (Sellman and BroHn 1973). Massive ice lenses up to 10 m thick 
have been found in the foothills near the Sagavanirktok River (Kreig and Reger 

1982). 

Ice Hedges, Hhich 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 (PeHe 1975). In the thaH 
lake plains near BarroH, 10 % of the perennially frozen near-surface soils are 
composed of ice Hedges ( BroHn 1967). In general, ice Hedges are formed Hhen 
surface deposits exposed to subfreezing temperatures contract and cracl<, 
usually in a polygonal pattern. These cracks are filled Hith meltHater during 
the folloHing thaH 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 Hedge. The resulting 
form is that of a "loH centered" polygon (Washbur·n 1973). These ridges may 
impede drainage from Hithin 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 min diameter and up to 70 m high (Pewe lo75). These tend to form on 
nearly level ground (usually a draining lake bed) Hhen unfrozen ground Hater 
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, loHland sections of the coastal plain, 
pingos usually 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 
thai-ling 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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Poly~cnal troughs and pits develop over degrading ice wedges. 
'!ledges may result from cli.ma U_c change, but more often they 

Thawing of ice 
are caused by 

?Iteration of vegetation cover or changes 
thermokarst pits formed at the intersection 
interconnected, the result is a beaded drainage 

in drainage pat terns. When 
of ooly~onal troughs become 

(\,/ashburn 1Q73). 

The most widesnread thermokarst features on the Arctic Coastal Plain are thaw 
L1ke:c:, relaL vely small bodies of vJa ter Hhich are formed or enlarged by the 
thaHin~ of frozen ground. These lakes are dynamic features Hhich go through a 
r:vc1Jc pi'cce~~s of thawing, erosion and expansion, clrainage, and ultimately, 
rejuvenation cf ground ice (Billings and Peterson 1980). 

The active laver is a dynamic unit which is reshaped by seasonal freezing and 
thawin~ and is continually moving and adjusting on even the most gentle 
slope:". H"='aving and sorting movements result in a wide variety of patterned 
ground that includes hummocks, mud hails (non-sorted circles of frost boils), 
:scrted circles, stone stripes, and solifluction lobes (\·!ashburn 1973). 
Eumn1ocks and frost scars are particularly common features of the upland 
te1"rain of the study area, and greatly affect the vegetation pat terns as 
discussed in Chapter 3. Frost action also causes the mass transfer of 
material downslope mainly by solifluction and frost creep. 

:;c,lif'_uction, thco gradual downslope movement of fi_ne-grained water-saturated 
rficial 1epo~its (both mineral and organic), usually occurs over bedrock or 

. '-! shallov1 oerma frost table, aml appears as lobe-like or .sheetlike flo\oJS on 
slnpes 'dith gradients as low as 1°. These flO\.Js move at rates of up to 6 em 
p;:-,r vear on slopes of 10 to 14° (Hashhurn 1973). Solifuction forms, such as 
dis:::ontinuous .stripes or lobes, are common dmmslope from some outcrops and 
l~j_ver· bluff's, in the study area, where slope breaks exceed 10% (h'alker et al. 
lOR2). Water from melting snowbanks contributes greatly to formation of these 
olif'luction deposits. 

Frost creep is the doHnslope movement of material through a process of 
alternate frost heaving anci settling. It mav act toR:ether c-Jith solifluction 
oc-· alone' in areas of relatively loH soil moisture or poor soil development. 
1\ates of dovmslope movement through frost creep are generally comparable to 
those resulting from solifluction (Hashburn 1973). 

;";nother oeri;::rlacial feature typical of braided streams and commonly 
et'COllntered on most of the major rivers within the study area is aufeis, or 
overflow ice. After freezeup, aufeis may develop when the hydrostatic 
D"essure, which results as freezing approaches the stream bed, forces repeated 
over· flow of Hater onto and around older ice to form a new layer of ice. 
l'lufe; s mav aJ so accumulate in the vicinity of natural seepages or springs in 
t~o same manner. The result is a massive sheet of ice which usually persists 
on the river floodplain well after breakup and may he several hectares in area 
~r.rl nn tr- 1J ~ t~~:2k (T/a;::.~:;ur~ 1973). Cr. U1any· rivtCrs VIithifl the :sLudv acea' 
e.g. Canning, Tamayariak, Nularvik, Itkilyariak, Sadlerochit, Hulahula, and 
Ok~:s~~vik, aufeis is a conspicuous feature on deltas and on f'loodolains below 
sorings throughout the summer season. 
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l:limate 

Th climate of Alaska north of the Brooks Range is classified as arctic; 
e rs are short, cool, and generallv cloudy, with temperatures of th0 summe . ·· · · ~ 

warmest month (July) averagJ ng about 5° C and maximum temperatures rarely 
exceeding 30° C (Searby 1068, Sear?y and_ Hunter 1971). SubfreezinR: 
temperatures and snow may occur at any t1me dur1ng the summer months. Winters 
are very cold, with temperatures of the coldest month (Februarv) averaginer 
about -20o c. Extreme temperatures frequently drop beloH -40° C. Since h 
surface winds are common throughout the year, the combination of Hind and 
temperature results in equivalent chill factors well below the actual 

temperatures. 

The position of the arctic front is of considerable importance in determining 
patterns of temperature, precioitation, and Hind. The arctic front is a belt 
of maximum frontal frequency marking the transition from a warmer, low 
pressure southern Q.ir 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 .1\rctic Coastal Plain. During the 
winter, the frontal belt is less intense and generally lies over souther;, 
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 l"i to?') kilometers per hour (kph) VJith occasional 
intense storms generating winds in excess of llS koh. The winds are 
predominantly from the east during May through December and Hesterlv durinp; 
January through April. Most of the strongest Hinds (greater than 40 kph) are 
westerly. 

A distinct contrast exists betvJeen the summer climate of the immediate coast 
and the interior portion of the Arctic Coastal Plain (Haugen l 08?). Average 
summer temperatures on the coast remain VJi thin a feH degrees of freezing due 
to more frequent cloudiness and fog, and prevailing easterly Hinds or sea 
breezes off the ocean. Clear skies and higher average air temperatures occur 
farther inland. 

The only long-term climatic records available for the study area are from 
Barter Island which is representative of the coastal zone (Fig. ~). The mean 
annual temperature is -l2.3°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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t o~ghs qnd pits develop over degrading ice wedges. Thawing of ice 
,,e,:"!7 "'2 n::ov r•esult from climatic change, but more often they are caused by 
~, 1 '~"" c;ti on of vege+;ation cover or changes in drainage pat terns. When 
-~ 0 r~o~2rst ~its formed at the intersection of poly~onal troughs become 
~~~~r ~nected, the result is a beaded drainage (Washburn lQ73). 

st idesnread thermokarst features on the Arctic Coastal Plain are thaw 
'c,··c''<' , :·el;::t" vely small bodies of water whi,ch are formed or enlarged by the 
-~~wi~p of frozen ground. These lakes are dynamic features which go through a 
,- Vl' 1 i r; prr<::e:'s of thawing, er'osi on and expansion, drainage, and ultimately, 
re •enation cf ground ice (Billings and Peterson 1980). 

";'c:e dC ti ve laver is a dynamic unit c·:h ich is reshaped by seasonal freezing and 
thawing and is continually moving and adjusting on even the most gentle 
lopes. 1-l"::CJ.Ving and sorting movements result in a wide variety of pCJ.tterned 

~Trou'!d that includes hummocks, mud boils (non-sorted circles of frost boils), 
su-tPd circles, stone stripes, and solifluction lobes (\·!ashburn 1973). 
;_;um: ~~K:ks and frost scars are particularly common features of the upland 
tP1'rain of the study area, and greatly affect the vegetation pat terns as 

iscussed in Chapter ?. Frost action also causes the mass transfer of 
material downslope mainly by solifluction and frost creep. 

:<oJ i fl_ ucti on, the:; gradual downslope movement of fine-grained Hater-saturated 
r~icia~ rlepo:~i ts (both mineral and organic), usually occurs over bedrock or 

a shalloVJ permafrost table, anri appears as lobe-like or sheetlike fJo\-JS on 
slooes Hit'"l grndients CJ.S low as 1°. These fl01.:s move at rates of up to Fi em 
oer year en slopes of 10 to 14° (Washburn 1973). Solifuction forms, such as 
dis::~ontinuous stripes or lobes, are common downslope from some outcrops and 
l"i ver bluffs, in the study area, Hhere slope breaks exceed 10% (~\Talker et al. 
1982). 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 may act together with solifluction 
ex' alone in areas of relatively loH soil moisture or poor soil development. 
nates of dovmslope mo•1ement through frost creep are generallv comparable to 
those resulting from solifluction (Washburn 1973). 

Another Periglacial feature typical of braided streams and commonly 
er'countered on most of the major rivers Hi thin the study area is aufeis, or 
overflow ice. After freezeup, aufeis may develop when the hydrostatic 
~ressure, which results as freezing approaches the stream bed, forces repeated 
over' flow of Hater onto and around older ice to form a new layer of ice. 
Aufe:Ls mav also 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 he several hectares in area 
r1nrl 1lp to b rn th}C'k (~Tasbbl_lr~ 1_Q73). Q~ :r.2~y Y"i\rer:; ,.,,,.i~h:r-~ t~e stu:=\,. 3r-'80., 

e.g. Canning, Tamayariak, Nularvik, Itkilyariak, Sadlerochit, Hulahula, and 
Oke1ckovik, aufeis is a conspicuous feature on deltas and on floodplains below 
springs throughout the summer season. 
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C:lima te 

of Alaska north of the Brooks Range 
short, cool, and generally cloudy, 

(July) averaging about 5° C and 

is classified as arctic; 
with temperatures of the 

maximum temperatures rarely 
Hunter 1971). Subfreezing 

The climate 
summers are 
warmest month 
exceeding 30o C (Searby 1068, Searbv and 
temperatures and snow may occur at any time during the summer months. Winters 
are very cold, with temperatures of the coldest month (February) a vern n.,
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 chill factors well below the actual 

temperatures. 

The position of the arctic front is of considerable importance in determining 
patterns of temperature, precioitation, and wind. The arctic front is a belt 
of maximum frontal frequency marking the transition from a warmer, low 
pressure southern <;lir mass characterized bv '.-Jesterly 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. Aver,qge 
Hind speeds are generally 15 to :?5 kilometers per hour (kph) Hi th occasional 
intense storms generating winds in excess of 115 kph. The winds are 
predominantly from the east during May through JJecember and Hesterly durin0: 
January through April. Most of the strongest Hinds (gl"eater than 40 kph) arP 
westerly. 

A distinct contrast exists betHeen the summer climate of the immediate const 
and the interior portion of the Arctic Coastal Plain (Haugen 1QA2). Aver."tge 
summer temperatures on the coast remain Hi thin a few degrees of freezing clue 
to more frequent cloudiness and fog, and preve>iling easterly Hinds or sea 
breezes off the ocean. Clear skies and higher average air temperatures occur 
farther inland. 

The only long-term climatic records available for the study area are from 
Barter Island Hhich is representative of the coastal zone (Fig. ~). The mean 
annual temperature is -l2.3°C with 25.6°C being the highest recorded 
temperature and -50.6°C the lowest. Mean annual precioitation 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. 

26 



2
7

 

W
yom

ing 
snow

 
g

u
ag

es 
h

av
e 

b
een

 
u

sed
 

re
c
e
n

tly
 

to
 

o
b

ta
in

 
a 

m
ore 

a
c
c
u

ra
te

 
m

easu
re 

o
f 

ra
in

 
and 

snow
 

u
n

d
er 

th
e
 

w
in

d
y

 
a
rc

tic
 

c
o

n
d

itio
n

s. 
T

he 
tru

e
 

am
ount 

o
f 

p
re

c
ip

ita
tio

n
 

is
 

e
stim

a
te

d
 

to
 

be 
1

.1
 

tim
es 

h
ig

h
e
r 

in
 

th
e
 

sum
m

er 
an

d
 

3 
tim

e
s 

h
ig

h
e
r 

in
 

th
e
 

w
in

te
r 

th
a
n

 
th

e
 

p
re

c
ip

ita
tio

n
 

m
easu

rem
en

ts 
o

b
ta

in
e
d

 
from

 
th

e
 

sta
n

d
a
rd

 
8

-in
c
h

 
g

au
g

es 
(B

en
so

n
 

1
9

8
2

). 
M

ean 
an

n
u

al 
w

in
te

r 
p

re
c
ip

ita
tio

n
 

reco
rd

ed
 

a
t 

B
a
rte

r 
Isla

n
d

 
in

 
1977 

th
ro

u
g

h
 

1985 
is

 
show

n 
in

 
F

ig
. 

4
. 

C
o

m
p

ariso
n

s 
o

f 
th

is
 

p
re

c
ip

ita
tio

n
 

d
a
ta

 
b

etw
een

 
y

e
a
rs, 

h
o

w
ev

er, 
is

 
lim

ite
d

 
b

y
 

v
a
ria

tio
n

s 
in

 
m

easu
rem

en
t 

p
e
rio

d
s. H

y
d

ro
lo

g
y

 

T
he 

riv
e
rs

 
flo

w
in

g
 

in
to

 
th

e
 

B
e
a
u

fo
rt 

S
ea 

b
etw

een
 

th
e
 

Itk
illik

 
R

iv
er 

an
d

 
th

e
 

C
an

ad
ian

 
b

o
rd

e
r 

re
p

re
se

n
t 

a
p

p
ro

x
im

a
te

ly
 

28%
 

o
f 

th
e
 

to
ta

l 
stre

a
m

flo
w

 
w

ith
in

 
th

e
 

a
rc

tic
 

d
ra

in
a
g

e
 

(H
alk

er 
1

9
7

4
). 

T
h

ese 
stre

a
m

s 
flo

w
 

alm
o

st 
d

ire
c
tly

 
n

o
rth

 
on 

n
arro

w
 

flo
o

d
p

la
in

s 
an

d
 

h
av

e 
few

 
trib

u
ta

rie
s
. 

A
n

n
u

al 
p

re
c
ip

ita
tio

n
 

and 
g

la
c
ia

l 
d

isc
h

a
rg

e
 

a
re

 
lo

w
, 

th
u

s 
to

ta
l 

ru
n

o
ff 

is
 

lo
w

. 
T

he 
siz

e
 

and 
re

la
tiv

e
 

stream
flo

w
 

o
f 

th
e
 

p
rin

c
ip

le
 

riv
e
rs 

w
ith

in
 

th
e
 

ANHR 
stu

d
y

 
a
re

a
 

a
re

 
su

m
m

arized
 

in
 

T
ab

le 
l. 

T
ab

le 
1

. 
D

rain
ag

e 
c
h

a
ra

c
te

ris
tic

s
 

an
d

 
stream

flo
w

 
d

a
ta

 
fo

r 
p

rin
c
ip

le
 

riv
e
rs

 
w

ith
in

 
th

e
 

ANHR 
stu

d
y

 
a
re

a
 

(fro
m

 
U

.S
. 

A
rm

y 
C

o
rp

s 
o

f 
E

n
g

in
eers 

1
9

5
7

). 

R
iv

er 
D

rain
ag

e 
a
re

a
 

L
en

g
th

 
o

f 
m

ain 
E

stim
a
te

d
 

a
v

e
ra

g
e
 

(km
2) 

stream
 

(km
) 

an
n

u
al 

flo
w

 
(c

fs) 

C
an

n
in

g
 

5
,8

4
3

 
188 

1
,1

2
5

 
T

am
ay

ariak
 

873 
60 

1
7

0
 

K
atak

tu
ru

k
 

728 
68 

140 
S

a
d

le
ro

c
h

it 
l' 971 

113 
380 

H
u

lah
u

la 
2

,0
2

3
 

140 
390 

O
k

p
ilak

 
1

,1
0

9
 

113 
215 

Jag
o

 
2

,5
8

7
 

127 
500 

A
ic

h
ilik

 
616 

63 
1

2
0

 

T
he 

ex
trem

e 
a
rc

tic
 

c
lim

a
te

 
o

f 
th

e
 

c
o

a
sta

l 
p

la
in

 
re

s
u

lts
 

in
 

w
ide 

se
a
so

n
a
l 

flu
c
tu

a
tio

n
s 

in
 

stre
a
m

 
d

isc
h

a
rg

e
. 

D
u

rin
g

 
w

in
te

r, 
stream

flo
w

 
v

irtu
a
lly

 
c
e
a
se

s. 
In

 
th

e
 

d
e
lta

s
, 

th
e
 

ab
sen

ce 
o

f 
fre

sh
 

w
ater 

flo
w

 
allo

w
s 

sea 
w

ater 
to

 
m

ove 
u

p
stream

 
u

n
d

er 
th

e
 

riv
e
r 

ic
e
 

and 
le

a
d

s 
to

 
v

e
rtic

a
l 

z
o

n
a
tio

n
 

o
f 

s
a
lin

ity
, 

w
ith

 
th

e
 

lo
w

est 
la

y
e
rs 

b
ein

g
 

m
o

st 
s
a
lin

e
. 

In
 

th
e
 

C
o

lv
ille

 
R

iv
e
r, 

th
is

 
s
a
lin

ity
 

g
ra

d
ie

n
t 

m
ay 

ex
ten

d
 

up 
to

 
60 

km
 

in
la

n
d

 
(H

alk
er 

1
9

7
4

), 
a
lth

o
u

g
h

 
th

e
 

h
ig

h
e
r 

to
p

o
g

ra
p

h
ic

 
g

ra
d

ie
n

t 
o

f 
riv

e
rs 

w
ith

in
 

th
e
 

stu
d

y
 

a
re

a
 

w
ould 

p
ro

h
ib

it 
p

e
n

e
tra

tio
n

 
on 

th
is

 
sc

a
le

. 
H

ith
in

 
th

e
 

d
e
lta

s
, 

fre
sh

w
a
te

r 
is

 
e
n

tire
ly

 
re

p
la

c
e
d

 
by 

se
a
w

a
te

r. 

In
 

sp
rin

g
 

(M
ay 

and 
Ju

n
e
), 

m
elt 

w
a
te

r 
b

e
g

in
s 

to
 

accu
m

u
late 

and 
flo

w
 

o
v

er 
th

e
 

su
rfa

c
e
 

o
f 

th
e
 

in
la

n
d

 
riv

e
r 

ic
e
 

an
d

 
on 

th
e
 

d
e
lta

s
. 

A
s 

th
e
 

riv
e
r 

ic
e
 

fra
c
tu

re
s 

and 
b

reak
u

p
 

b
e
g

in
s, 

th
e
 

in
c
re

a
sin

g
 

flo
w

 
o

f 
fre

sh
w

a
te

r 
ra

p
id

ly
 

flu
sh

e
s 

se
a
w

a
te

r 
from

 
th

e
 

lo
w

er 
riv

e
rs 

and 
d

e
lta

s
. 

A
s 

b
reak

u
p

 
c
o

n
tin

u
e
s, 

e
x

te
n

siv
e
 

flo
o

d
in

g
 

p
e
rm

its 
ra

p
id

 
m

ovem
ent 

o
f 

ic
e
 

to
w

ard
 

th
e
 

se
a
, 

w
h

ere 
flo

o
d

w
a
te

r 
and 

b
lo

ck
 

ic
e
 

m
ove 

o
n

to
 

an
d

 
b

e
n

e
a
th

 
th

e
 

sea 
ic

e
 

to
 

a 
p

o
in

t 
ju

st 
beyond 

th
e
 

seaw
ard

 
lim

it 
o

f 
b

o
tto

m
fa

st 
ic

e
. 

S
ed

im
en

t 
lo

a
d

s 
a
re

 
a
t 

th
e
ir 

p
eak

 
d

u
rin

g
 

flo
o

d
in

g
, 

and 
c
o

n
sid

e
ra

b
le

 
d

e
p

o
sitio

n
 

(se
v

e
ra

l 
em

) 
o

f 
fin

e
 

m
a
te

ria
l 

m
ay 

o
ccu

r 
on 

th
e
 

sea 
ic

e
 

2
8

 



PRECIPITATION (mm) 

C) 
' ~ (\J ........ C) 

~ 
~ 

~ 

~ 
~ I 

I h... ~ I (..) 
~ I C) 

I 
~ ' 
~ 

~ 

~ ~ t€ " Crj 
~ ~ 

~ r ... -..,J 

~ ~ I~ ~ ~ ~ 
I ~ 

~~ 
I 

~ I 

~ I 
I ~ 
I 

.... 

~ 
~ ).... 

~ ~ 

~ ~ ~ """' 

~ C) C) C)(\J 
~ ~ ........ ................ 

I I I I 

(Jo) 3(:/(J..L tf(:f3dW3.L 

27 

't1 
0 

·rl 
H 
QJ 

0.. 
QJ 
.c 
-1-l 

H 
0 

4--< 

't1 
~ 
n:1 
rl 
U1 

H 

H 
QJ 

-1-l 
H 
n:1 
ill 

-1-l 
n:1 

g 
~ 
0 

·rl 
-1-l '1' 
n:1 co 
-l-'0'1 
·rl rl 
0.. 

"0 ~ 
QJ 0 
H Z 
0.. 

' 't1 QJ 
~ u 
n:1 H 

QJ 

u § 
0 0 
~u 

QJ 4--< 
H 0 
;:1 

-1-l 
n:1 -1-l 
H 0.. 
QJ QJ 
0..0 s 
QJ 

-1-l (f] 

>,8 
rl 
.c 
-I-'M 
~ co 
0 0'1 s rl 

I 
~ co 
n:1 '1' 
QJ 0'1 

::>: rl 

(Y) 

tJl 
·rl 

""' 

r 

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 
precipitation is estimated to be l.l 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 
recorded at Barter Island in 1977 through 1985 is shown in Fig. 4. 
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 princicle rivers 
within the ANWR study area (from U.S. Army Corps of Engineers 1q57). 

River 

Canning 
Tamayariak 
Katakturuk 
Sadlerochit 
Hulahula 
Okpilak 
Jago 
Aichilik 

Drainage area 
(km2) 

5,843 
873 
728 

l' 971 
2,023 
1,109 
2,587 

616 

Length of main Estimated average 
stream (km) annual flow (cfs) 

188 1,125 
60 170 
68 140 

113 380 
140 390 
113 215 
127 500 

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 
penetration 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 just beyond the seaward limit of 
bottomfast ice. Sediment loads are at their peak during flooding, and 
considerable deposition (several em) of fine material mav occur on the sea ice 
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surface. The fresh water and sediments are soon drainerl through cracks and 
holes in the sea ice which develop with changes in the thermal regime (Walker 
1974). Following breakup, flooding drops off rapidly. Due to the lovr 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. Except 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 km2 ( 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 is available (Williams 1970). Ground vrater 
occurring beneath the permafrost zone is likely to be saline (\rlalker 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 ~rithin 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 sturly area. At its 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 ANHR study 
area is defined here as the area between the terrestrial limit 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. 0974). 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 vraves, currents, and surges superimposed upon the 
lesser effects of an lunar tide of 15 em. Since the arctic ice pack usually 
lies only a few tens of kilometers offshore, the potential wind fetch is 
small, thus vrave 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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Reach and bluff erosion and sediment transport do not begin until winter snow 
and ice cover have mel ted, and the open water allows the wind to generate 
Haves and currents. Coastal erosj_on starts Hi th the thaHing of previously 
eroded bluff sediments and saturated soil floH. Thermal erosion proceeds with 
the undercutting and thaHing of exposed ground ice features such as ice lenses 
and vertical ice Hedges, frequently leading to thermokarst collapse of massive 
soil blocks (LeHellen 1977, Hopkins and Hartz 1978). Ice push, and the 
accumulation and incorporation of sea ice i_nto beach sediments during the 
summer and fall may contribute significantly to beach erosion. 

Coastal erosion rates of 20 m or more per thaH season have been measured, 
although coastal retreat betHeen Demarcation Point and Brovmlow Point has 
averaged l. 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 Hater (Barnes and Hopkins 1978). 

The prevailing northeasterly Hinds generate west-setting nearshore currents 
Hhich reach velocities of 50 em per second and, Hhen combined Hith 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, 
Hi.th 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 
movement of sea ice, which frequently grounds on the bars and can form 
breakHaters 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, 
:=md recent construe tional 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 
october, several weeks ahead of the sea outside the barrier islands. Ice 
cover is 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 
hypersaline, reaching levels of 60 ppt by late winter. 

Offshore Marine Environment 

The ANWR study area fronts entirely on the Beaufort Sea, that port ion 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 fr'om 
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 em 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), hut 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 em 
(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. 

32 



--

Beach and bluff erosion and sediment transport do not begin until winter snow 
and ice cover have mel ted, and the open water allows the wind to generate 
VJaves and currents. Coastal erosj_on 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 
?_ veraged 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 Hinds generate west-setting nearshore currents 
which reach velocities of 50 em 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, 
Hi th 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 VIi thin 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 
movement 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 
october, several weeks ahead of the sea outside the barrier islands. Ice 
cover is 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 
hypersaline, 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 hjgher 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 clockVJise over the Canada 
Basin and reaches a velocity of 10 em 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 Hester lies (see discussion of coastal environment), hut 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 em 
(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 ice beyond 
( Namtved t et al. 197 4, Naval Arctic Research Labor tory 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, is highly mobile, and contains a large 
proportion of first year ice which has formed over open water between the 
Umi t of land fast 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 
Hanagement 1979). The polar oack 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 land fast ice usually 
persists along the coast, becoming thinner and YJeaker, 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 pat tern of breakup (Wiseman et al. 1974, Naval Arctic 
Research Laboratory 1980). 
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Data Gaps 

Little information is 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 important 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 wind:s, fog, and corresponding lower 
temperatures that inland locations. A series of weather stations located 
farther inland would provide more accurate temperature, Hind, and 
precipitntion data for the entire study area. Measurements of snov1 
accumulation on Barter Island should be continued to determine the annual and 
seasonal variations in 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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In winter, 3 major zones of sea ice can be recognized: landfast ice, deformed 
and dynamic ice of the transition or "shear" zone, and the pack ice beyond 
(Namtvedt et al. 1974, Naval Arctic Research Labortory 1980, U.S. Dept. of 
Interior - Bureau of Land Management 1979). The distance which land fast 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, 
Reimni tz 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 t1anagement 
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, is highly mobile, and contains a large 
proportion of first year ice which has formed over open water between the 
li_mi t of land fast 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 
Hanagement 1979). The polar oack 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 land fast ice usually 
persists along the coast, becoming thinner and vleaker, until it is broken up 
under the influence of wind, currents, and the influx of fresh water (Namtvedt 
et al. 197 4). 

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 is 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 important 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 w:inds, 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 snoH 
accumulation on Barter Island should be continued to determine the annual and 
seasonal variations in 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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SOILS A~D VRGRTATION 

The mapping and classification of Alaskan soils and vegetation in general and 
those of the arctic region in particular remain largelv in the earliest stages 
of refinement when compared vJi th the existing knowledge for the lands of the 
conterminous United States. Growing interest in 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 lying north of 
the Brooks Range, e.g. Barrow, Prucihoe Rav, the Kuparuk River delta region, 
and currentlv the study area as defined bv Section 1002(c) of the AlaskCl 
National Interest Lands Conservation Act. 

The following discussion provides: 1) a summarv of the development of 
knowledge about the soils and vegetation in and adje1cent to the study area, 2) 
a description of the soils and vegetation of the coastal olain based upon 
major terrain features, and ~) a brief summary of known data gaos and the 
steps necessarv to refine available information to assist ongoing and future 
resource management. 

3oils Studies 

Soil as used in this report refers to the August active layer. Nomenclature 
used is that of the U.S. Department of AfYriculture, Soil Conservation Service 
( 197S) unless otherwise noted. nearlv the entire study area falls vJi thin the 
Coastal Plain Land Resource Region as defined in the Exploratory Soil Survev 
of Alaska (Rieger et a1. 1q7o). ~Jithin this region the survey recognized ? 
soil associations, i.e. sep,ments of the landscaoe with a distinctive 
topographic and soil pattern: l) Pergelic Cryaquolls-Pistic Perp:eUc 
Cryaquepts, with loamy textured mineral components occurring on the nearly 
level to rolling tooographv - the broad, smooth north trending interfluves and 
the flat nee1r-coastal areas Hi th oriented laV:es, 2) Pergelic Cryaquepts on 
nearly level tonography 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 Al8skc> 
north of the Brooks Range with the exception of the Prudhoe Bay production 
area (Walker et al. 1980) and the Ogotoruk Creek Hatershed (Holowaychuk et al. 
lq66). In the early lq60' s, Brown (lqf)f)) developed a soils-lanclform map for 
approximately Jqkm2 in the Okpi lak lakes area and described soils along the 
Jago and Hulahula Rivers. HettinR;er and Janz Cl97Ll) 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 olant soecies occurring in northern Alaska were the 
result of exploratorv parties alonf the north slooe. The first major attempt 
to compile and oresent a unified approach to Alaskan flora 'tJas provided bv 
Hulten 0968). This effort vJas folloHed bv Anderson (lq74). These 2 ;-rorks 
have orovided the basic frameHork for the current knowledge of the vascular 
olant taxa within the Alaskan arctic. Within recent vears the studies of 
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arctic plant communities have steadj lv increaserl. More detailed rliscussions 
of vegetation and plant communi tj es in the north have come from Sigafoos 
(l9S2), Britton (l9S7), Spetzman (19So), Wiggins and Thomas (10~2), and 
Johnson et al. (1966). A number of more geographically restr:icted community 
descriptjons have l;een rleveloped by \rlip:gins 09Sl), Hansen (l9S3), Churchill 
(195S), Hettinger and Janz (J974), Murrav (1974), Batten (1077), Meyers 
(198S), and others. Successional processes within tundra vegetation tvpes 
have been described by ChurchHl (loSS), Churchill and Hansen (l9S8), and 
Spetzman (1959). Viereck's (1981) effort to prorluce an exhaustive 
bibl:iography for the vegetation of Alaska has resulted jn an annotated list of 
references that currently contains over 300 citations. 

A number of classification and mapping svstems have heen rleveloped over the 
years and some have heen apolied to the north slope of Alaska. None have vet 
met with broad scale acceptance due to variations in terminology, methorlolop:y, 
or conceptual framework. To a large degree, much of the work thus far ha.s 
been conducterl to the west of the study area in the National Petroleum Reserve 
- Alaska (NPR-A) near Barrow, along the Trans-Alaska Pioeline System (TAPS), 
and in the region near Prudhoe Bay. 

The Barrow and NPR-A areas have been studied bv Spetzman (1951, 1059), Wiggins 
0951), Churchill 095S), Walker 0977), Lawson et al. 0978), Web her ( 1978), 
Kormarkova and Hebber 0980), Morrissey and Fnnis (1981), ~Jalker and Acevedo 
(1984), Halker 098Sa), anrl others. Markon (1980) orovided a mapoing system 
for terrestrial and aquatic habitats along the proposed Alaska Natural Gas 
P:ipeline System. Ecological baseline studies along the northern sectjon of 
the TAPS haul road were presenterl bv Brovm (1978). The Prurlhoe B:w area hiis 
been described by VJebber and vlalker 097r:;), Everett and Parkinson 0077), 
Everett et al. (1978), Walker et al. 0979), and Halker (l08C)b). 

Arctic tundra wetlanrls were studierl bv Bergman et al. 
Bay. Fight wetland categories were recognized hased 
inundation, morphology, vegetation, and utjlization 
shorebirds. These wetland categories were as follows: 

Class I 
Class II 
Class III 
Class IV 
Class V 
Class VI 
Class VII 
Class VIII 

- Flooderl tundra 
- Shallow Carex ponds 

Shallow Arctophila wetlands 
Deep Arctophila wetlands 

- Deep open lakes 
- Basin complex wetlands 
- Beaded streams 
- Coastal wetlands 

0077) near Prudhoe 
on their degree of 

bv waterfoHl and 

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

Maos of vegetation, soils, and landforms of the Prudhoe Bay area were 
developed bv V.Talker et al. ( 1980). These maps were based on 1: ~, 000-scale 
aerial photos, and were produced at a scale of 1:12,000. Plant community 
names included 3 parts: 1) a site mojsture category (dry, moist, wet, or very 
wet); 2) several species that are typical of the community: and~) a 
physiognomic descriptor. For example, a wet tundra communi tv mi,rrht be called 
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rrHet Carex aquatilus, Drepanoclacius hrevifolius p-ramino:i.d meadoH". Lcmdform 
classes Here used to descri.be the variety of patterned ground in the area, 
such as lmJ-centered polygons, high-centered polygons, hummocks, and oingos. 
It is useful to mao landforms in the arctic since t~e soils anrl vegetatjon are 
closely related to variations :in the oatterns of ground features. A numher of 
special purpose maps were generated from the miister maos of vegetation, soils, 
and landforms. These included summer off -road vehicle sensi t 1 vi ty, oil spj l1 
sensitivitv, bird densities, peat th:ickness, snow depth, anrl active laver 
thickness. This series of maps provided information necessary to ~olve 

potential environmental problems associated with oil develooment. 

A detailed statewide vegetation classification was developed by Viereck et al. 
(1982). This hierarchical system is based on existing veg;etr1Uon attrjbutes 
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 i.n each phvsiognOf'ilC 
stratum and in some cases by indicator species. This classification :o:n~~ 

incoroorates an earlier orovisional classification of Alaskan arctic tundra bv 
Murray and Batten 0977). The system in general has received fcjLri", 
widespread interest by state, federal, and private sectors. 

Vegetation Mapping and Classification in the Study Area 

In an at tempt to oortray the potential natural vegetation of Alaskan lane:, 
Kuchler ( 1966) Us ted 10 phytocenoses or vegetation groups. The oct en Uri 1 

vegetation was characterized as cotton sedge tundra with Eriophorum 
representing the principle dominant rrenus, v.1ith i'l narrow hanrl of the vJater 
sedge tundra assemblage, characterized by rarex, along the coast from the 
Canning River east to aoproximately the Katakuruk Rjver and inland for about 
8km. 

The ecosystem maps for the state of Alaska in the Alaska Rerrional Profiles 
(Selkregg 1975, Arctic Region) providerl a very generalizerl classification 
system for the major plant community types present in the study area. The 
generalized boundaries of the 4 major communi tv 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 aauatic communities were also 
identified, the freshwater and marine. The commonly occurring olants of each 
of these 6 communities were listed in the atlas (Selkregg 197S). The 
communi ties reoresented 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 4 sample sites in or adjacent to the study 
area and described the following 6 major vegetation types 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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arctic plant communiti.es have steadilv increasecl. More detailed discussions 
of vegetation and plant communi ties in the north have come from Sigafoos 
(1952), Britton 0957), Spetzman 095o), Wigg:ins and Thomas 09!';?), and 
Johnson et al. ( 1966). A number of more geographically restricted community 
descriptions have been developed by \,Tir;gins (1951), Hansen 0953), Churchill 
0955), Hettinger and Janz (1974), Murray 0974), Ratten (1077), Meyers 
(l98S), and others. Successional processes within tundra vegetation tvpes 
have been described by Churchill 0955), Churchill and Hansen Cl9S8) , and 
Spetzman 0959). Viereck's (1981) effort to prorluce an exhcwstive 
bibliography for the vegetation of Alaska has resulted in an annotated list of 
references that currently contains over 300 citations. 

A number of classification and mapping svstems have heen cieveloped over the 
years and some have been apPlied to the north slope of A lasva. None have vet 
met with broad scale acceptance due to variations in terminology, methorlology, 
or conceptual framework. To a large degree, much of the Ttrork 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 Pioeline System (TAPS), 
and in the region near Prudhoe Ray. 

The Barrow and NPR-A areas have been studied bv Spetzman (1951, 1959), Wiggins 
0951), Churchill 0955), Walker ( 1977), Lawson et al. 0978), ~Jebber 0 978), 
Kormarkova and Webber ( 1980), Morrissey and Fnnis ( 1981), ~Jalker and Acevedo 
0984), ~/alker 098Sa), anrl others. Markon (1980) provided a mappinp- system 
for terrestrial CJ.nd aquatic habitats along the proposed Alaska NaturCJ.l Gas 
Pipeline System. Ecological baseline studies along the northern section of 
the TAPS haul road were presenterl bv Brown 0978). The Prurlhoe Ray area has 
been described by Webber anrl \rlalker 097S), Everett and Parkinson (1977), 
Everett et al. 0978), Walker et al. (1979), and Walker (J08Sb). 

Arctic tundra wetlanrls were studierl by Bergman et al. 
Bay. Eight wetland categories were recognized based 
inunrlation, morphology, vegetation, and utilization 
shorebirds. These wetland categories were as follows: 

Class I - Flooded tundra 
Class II - Shallow Carex ponds 
Class III - 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 

(l 077) near Prudhoe 
on their degree of 

bv waterfo1t1l anri 

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 Ray area were 
developed bv ~Talker et al. ( 1980). These maps were based on l: r;, 000-scale 
aerial photos, and were produced at a scale of l: 12,000. Plant community 
names included 3 parts: l) a site moisture category (dry, moist, wet, or very 
wet); 2) several species that are typical of the community: and ~) a 
physiognomic descriptor. For example, a wet tundra communi tv mi_ght be called 
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"lilet Carex aquatilus, Drepanoclarlus brevifolius graminoirl mearlow". Lanrlform 
classes were u.sed to descri.be the vari etv of patternerl grounrl in the area, 
such as loH-centered polygons, high-centered polygons, hummocks, and oingos. 
It is useful to mao landforms in the arctic since the soils and vegetation are 
closely related to variations in the Patterns of grounrl features. A numher of 
special purpose maps were generated from the master maPs of vegetation, soils, 
and landforms. These included summer off-road vehicle sensitivity, oil spill 
sensitivity, bird rlensities, peat thickness, snow depth, anrl active laver 
thickness. This series of maps provided information necessary to solve 
potential environmental problems associated with oil development. 

A detailed stateHide vegetation classification was developed by Viereck et al. 
0982). This hierarchical system is baserl on exisUng vegetation attribute.s 
and includes 5 levels of resolution from major formations (forest, scrub, and 
herbaceous) to documented inrlivirlual plant communities. Individual 
communities are characterized by the dominant speci.es in each phvsiogncm1 
stratum and in some cases by indicator species. This classification S\'coi :r• 
incorporates an earlier provisional classification of Alaskan arctic tunrlrCJ. b~ 

Murray and Rat ten 0977). The system in general has rece:i ved fa :.r 1'/ 

widesprearl interest by state, ferleral, and private sectors. 

Vegetation Mapping and Classification in the Study Area 

In an attempt to oortray the potential natural vegetation of Alaskan lane:, 
Kuchler (1966) listed 10 phytocenoses or vel!etation groups. The pctentic=Jl 
vegetation was charCJ.cterized as cotton sedge tundra wi. th Eriophorum 
representinp: the principle dominant genus, VJ:ith CJ. narrow band of the Hater 
sedge tundra assemblage, characterized by Car ex, a long the coast fl'Om the 
Canning River east to aPproximately the Katal<uruk River anrl inland for about 
8km. 

The ecosystem maps for the state of Alaska in the Alaska Regional Profiles 
(Selkregg 1975, Arctic Region) providerl a very generalizerl classification 
system for the major plant community types present i.n the study area. The 
generalized boundaries of the 4 major communi tv 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 Here also 
identified, the freshwater and marine. The commonly occurring plants of each 
of these 6 communities were listed 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 4 sample sites in or adjacent to the study 
area and descr'bed the folloHing 6 major vegetation tvpes in the coastal plain 
physiographic province: 

a) wet sedge meadows 
b) low shrub - sedge mearlow and hummocky tundra 
c) tus~ock tundra 
d) riparian willoH shrub 
e) dwarf s'" 'ub - Drvas meadoH 
f) heath-sedge tuss~ck tundra 
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National Wetlands Inventory maps based on the wetland classification method 
developed for U.S. Fish and Hildlife Service (USFWS) are available for the 
majority of the study area, including Flaxman Island Al; Barter Island A3-S; 
Mt. Michelson C2-4, Dl-S; and Demarcation Pt. C3, D2-5. Flaxman Island A3 and 
A4 are currently being revised. The basis of this system was oresented by 
Cowardin et al. 0979) with additional information presented in the 1978 
Interagency Task Force Report: Our Nations Wetlands (Horwitz 1978). 

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

I. Ice, snow, or aufeis 
II. Water or shadows 

III. Barrens 
IV. Partially vegetated ground 

V. Wet tundra or shadows 
VI. Flooded tundra or shadows 

VII. Intermediate wet-moist tundra 
VIII. Voland Dryas - heath tundra 

IX. Upland sedge tundra 
X. Upland tussock tundra 

XI. Ericaceous snow bed community 
XII. Hummocky frost-heaved ground 

XIII. 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 rjverine 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). 

Jln updated and expanded Landsat map of the study area was produced by Halker 
et al. 0982). Twelve landcover clas.ses were identified on satellite imagery 
based on vegetation, landform, and soils data collected at numerous field 
sites (Appendix I, Table l). 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 to 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 he distinguished. 
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ceobotanical maps (1:63,360 scale) of 6 areas of the coastal plain were 
produced by Walker et al. (1983) (Fig. l). The 1:63,360 scale vegetation 
mapping units derived from photo-interpretation Here pres en ted as part of a 
hierarchical classification scheme which described tundra vegetation at 4 
levels: l) very small scale units, 2) Landsat landcover units, 3) 
photo-interpreted units, and 4) plant community descriptions. Codes for the 
map polygons (Appendix II, Tables 2 and 3, Figs. land 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, olant life forms, and 
physiognomy. 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 he identified. Landform/terrain 
units used in the map legend were primarily based on the svstem of Kreig and 
Rieger (unpublished), which Has 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, icings, 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 0974, l979b) described the flora at several sites within the refuge 
including Beaufort Lagoon and Sadlerochit Springs. Meyers ( 1985) studied the 
narrm·J linear band of tide'·mter influenced vegetation along the coast of the 
study area. Sixteen plant communi ties and hahi tat types were described. The 
hahi tat types included salt marsh (tidal and upper storm zone), salt 
Plarsh/beach, salt marsh /dune, salt marsh/uoland, gravel beach/salt marsh, and 
strand/dune/coastal meado~. 

A Landsat-assisted landcover/terrain maooing 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 1984. Problems were encountered with developing a uniform 
classification system across this large diverse area. Modifications were made 
to the existing Halker et al. (1982) classification scheme and 22 classes of 
landcover were eventually identified and final maps were completed in l 985. 
An accuracy assessment was conducted, and data analysis is presently in 
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National Wetlands Inventory maps based on the wetland classification method 
developed for U.s. Fish and l<'lildlife Service (USFWS) are available for the 
majority of the study area, including Flaxman Islanrl Al: Barter Island A3-5; 
Mt. Michelson C2-4, Dl-5; and Demarcation Pt. C3, D2-5. Flaxman Island A3 and 
A4 are currently being revised. The basis of this system was oresented by 
Cowardin et al. 0979) with additional information presented in the 1978 
Interagency Task Force Report: Our Nations Wetlands (Horwitz 1978). 

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

I. Ice, snow, or aufeis 
II. Water or shadows 

III. 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. Ericaceous snow bed community 
XII. Hummocky frost-heaved ground 

XIII. 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). 

Jln updated and expanded Landsat map of the study area was produced by Halker 
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 dHarf 
sl-)rub, 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 to 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 he distinguished. 
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Geobotanical maps (1:63,360 scale) of 6 areas of the coastal plain were 
produced by Walker et al. 0983) (Fig. 1). The 1:63,360 scale vegetation 
mapping units derived from photo-interpretation v.1ere presented as part of a 
hierarchical classification scheme which described tundra vegetation at 4 
levels: l) very small scale units, 2) Landsat landcover units, 3) 
photo-interpreted units, and 4) plant community descriptions. Codes for the 
map polygons (Appendix II, Tables 2 and 3, Figs. l 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 life forms, and 
physiognomy. Vegetation diversity codes were based on the number of color 
tones or textures identifiable on aerial photographs. This scheme permit ted 
most areas of high vegetation diversity to he identified. Landform/terrain 
units used in the map legend were primarily based on the system of Kreig 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, icings, dunes, and beach features. 
Percentage water was interpreted for 5 of the mapped areas, excluding the Mt. 
Michelson D- 3 quadranp::le. The codes, developed as an indica tor of wetlano 
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 
narroVJ linear band of tide,tJater influenced vegetation along the coast of the 
study area. Sixteen plant communities and habitat types were described. The 
habitat types included salt mar.sh (tidal and upper storm zone), salt 
marsh/beach, salt marsh/dune, salt marsh/upland, gravel beach/salt marsh, and 
strand/dune/coastal meado4. 

A Landsat-assisted landcover/terrain maooing effort of the entire Arctic 
National Wildlife Refuge (ANWR) including the study area Has 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 1984. 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 is presently in 
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progress. 
Appendix 
Appendix 
utilize 
co~puter 

The landcover classes found on the coastal plain are described in 
III, Table l. Estimated area of each landcover class is shown in 
III, Table 2. Vegetation descriptions in the Report to Congress 

this Landsat classification, because these data were available on 
tapos and scenarios could he developed on a geobased information 

syste:m. 

The ~orth Slope Borough is presently developing an integrated geographic 
syste~ to provide Borough-wide coverage at a regional scale. Maps at 1:250,000 
'~ca!.F arc? available for the entire study area, and l:fi3,360-scale maps are 
e1vaiiahle for' Barter Island A4, AS; Demarcation Point D4, D5; Mt. Michelson 
:,l, D2, D3; and Flaxman Island AJ. Nine manuscript maps which include related 
,,..-criables are produced for each area. Titles of these maps are as follows: 

I. Integrated terrain unit 
II. Surface hydrology 

III. Political and administrative units 
IV. Infrastructure, settlements, and special features 

V. Energy and mineral resources 
VI. 

VII. 
VIII. 

IX. 

Elevation provinces 
Historic/archaeologic sites 
North Slope Borough planning data 
Subsistence land use 

The integrated terrain unit map includes vegetation, soils, landform, and 
slope. Mapping of these variables was based on image interpretation of aerial 
cnotography and Landsat imagery. Vegetation types are classified according to 
level III of Viereck et al. 0982). Landform classes and soil types are 
equivalent to those used by Walker et al. (1983). 

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 1-Jalker and Acevedo (1984): the National \.Jetlands Inventory 
classifications (Cowardin et al. lQ79); level C photo-interpreted map units of 
1-Jalker et al. 0983), 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 LaFerriere (1977), Prudhoe Bay stand types 
(Walker 1981), Pt. Storkerson wetlands (Bergman et al. 1977), and the 
International UNESCO classification (197~) was presented in the Initial 
Baseline Report (USFWS 1982). 

Description of Soils and Vegetation of the Study Area 

The vegetation of the study area lies within the tundra formation. 
format ion occurs in cold climates, principally alpine areas and arctic 
north of the 10° C July mean isotherm. The arctic foothills and 

This 
areas 

arctic 
::-=::::;:_::~ ~:a-L~l 0f ~-.ortLern Alaska are ir.t tL1e tundca region of the CtcLLi8 as 
defined by Aleksandrova 0980). 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 dr·a inages. 
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progress. The landcover classes found on the coastal plain are described in t,ppend ix III, Table l. Fstimated area of each landcover class is shown in 
Appendix III, Table 2. Vegetation descriptions in the Report to Congress 
utilize this LandsRt classification, because these data Here available on 
c tapos anri scenarios could he developed on a geobased informz.tion 
system. 

The North Slope Borough is presently developing an integrated geographic 
~ystem to provide Borough-wide coverage at a regional scale. Maps at 1:250,000 
~cal :=cre available for the entire study area, and l:fl3,360-scale maps are 

ava:il21Jle for' Barter Island A4, A5; Demarcation Point D4, D5; Mt. Michelson 
"

11, D?, D3; and Flaxman Island Al. Nine manuscript maps which include related 
""'.ciables are prorluced for each area. Titles of these maps are as folloHs: 

I. 
II. 

III. 
IV. 
v. 

VI. 
VII. 

VIII. 
IX. 

Integrated terrain unit 
Surface hydrology 
Political and administrative units 
Infrastructure, settlements, and special features 
Energy and mineral resources 
Elevation provinces 
Historic/archaeologic sites 
North Slope Borough planning data 
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 
onotography and Landsat imagery. Vegetation types are classified according to 
level III of Viereck et al. 0982). Landform classes and soil types are 
equivalent to those used by Walker et al. (1983). 

~ 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 Halker and Acevedo (1984): the National 1-Jetlanrls Inventory 
classifications (Cowardin et al. lG79); level C photo-interpreted map units of 
1-/alker et al. 0983), and level III and IV units of Viereck et al. 0982) 
(Appendix III, Table 3). A similar cross walk which includes the Landsat 
classification of Nodler and LaFerriere (1977), Prudhoe Bay stand types 
(Walker 1981), Pt. Storkerson wetlands (Bergman et al. 1977), and the 
International UNFSCO classification (1973) was presented in the Initial 
Baseline Report (USFWS 1982). 

Description of Soils and Vegetation of the Study Area 

The ve~etation of the study area lies within the tundra formation. This 
format ion occurs in cold climates, principally alpine areas and arctic areas 
north of the 10° C July mean isotherm. The arctic foothills and arctic 
coastal plain of northern Alaska are in the tundra :-egion of the arctic as 
defined by Aleksandrova 0980). The tundra region is differentiated from the 
oolar 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. 
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The following discussion is based upon material by Walker et al. ( lG82). The 
study area is divided into the following terrain types: l) flat thaH-lake 
plains, 2) hilly coastal plains, 3) foothills, 4) alpine tundra, and S) river 
floodplains including deltas and braided drainages and ancient deltas (Fig. 
1). Descriptions of Landsat landcover classes follow Walker et al. (lG82), 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 l. 

Flat Thaw Lake Plajns 

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 
topograohy with large oriented thaH lakes, drained lake basins, and expanses 
of low-centered ice-wedge polygons is found in only a few small areas, 
primarily near the flat braided deltas of rivers (Plates l & 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 east Hard 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 is 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 40 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 His tic Pergelic Cryaquepts and Cryohemists 
inundated by storm surges along some coastal areas (Note: See Appendix III, 
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, Halker et al. 1980, lNalker 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 l m of 
elevational difference is the major influence on the distribution of plant 
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progress. The landcover classes found on the coastal plain are described in 
Appendix III, Table l. 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 available on 
computer tapes and scenarios could be developed on a geobased information 
system. 

The North Slope Borough is presently developing an integrated geographic 
system to provide Borough-wide coverage at a regional scale. Maps at 1:250,000 
scale are available for the entire study area, and l: 63, 360-scale maps are 
available for Barter Island A4, A5; Demarcation Point D4, D5; Mt. Michelson 
Dl, D2, D3; and Flaxman Island Al. Nine manuscript maps which include related 
variables are produced for each area. Titles of these maps are as follows: 

I. 
II. 

III. 
IV. 
v. 

VI. 
VII. 

VIII. 
IX. 

Integrated terrain unit 
Surface hydrology 
Political and administrative units 
Infrastructure, settlements, and special features 
Energy and mineral resources 
Elevation provinces 
Historiclarchaeologic sites 
North Slope Borough planning data 
Subsistence land use 

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

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 (1984); the National Wetlands Inventory 
classifications (Cowardin et al. 1979); level C photo-interpreted map units of 
Walker et al. ( 198 3) , 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 LaFerriere (1977), Prudhoe Bay stand types 
(Walker 1981), Pt. Storkerson wetlands (Bergman et al. 1977), and the 
International UNESCO classification (1973) was presented in the Initial 
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 
coastal 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. 
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Plate /. Wet sedge tundra on the thaw lake plain. 

Plate 2. Low-centered polygons. 
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communities. The small elevational differences associated with ice-wedge 
polygons create distinct patterns of plant communi ties and soils that are 
associated wj th the various topographic elements VIH.hin indivjdual ic:e-Hedge 
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 1049, Britton 1957, Carson and Hussey 
1962, Everett 1980). This cycle describes the formation, expansion, and 
eventual drainage of thaVI lakes. The process starts Hi th 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 1 s edges. The pond enlarges until it intercepts another lake, the: 
coast or a stream, which causes drainage. Succession can take place on the 
barren drained-lake surface or in small ponds that may remain in the basin 
(Britton 1957, Billings and Peterson 1980). The ponds that remain mav 
initiate another cycle. 

Although much information is available regarding thaw-lake mechanisms, the 
cycle and successional oatterns are still incompletely understood (Mackay 
1963). The major questions relate to the time scale, i.e., hoH long it takes 
for the cycle to opc:rate 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 region:s Ohller l 981). These 
fluxes are important con:siderations in 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 thaVI-lake plains. Data from Prudhoe 
Bay and the Trans-Alaska Pipeline show that mean July temperatures C\t 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 \-.Talker 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 lichen growth, and fewer species in 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. hTorldwide, this zone is equivalent to the arctic 
subregion of Aleksandrova 1 s ( 1980) tundra region. Near Barrow the coastal 
strip is about lOOkm 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 
hypothesi:s. 

Along the northern limit of the "littoral tundra" band, there is yet 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 occasjonal storm-surges that flood large areas of inland 
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tundra. Taylor (1981) divides this shoreline ve~etation into 6 habitat tyoes: 
tidal salt marsh, uooer storm zone salt marsh, gravell v beach, raised beach, 
coastal dunes, and coastal bluffs. Coastal vegetation in northern Alaska has 
been described by Jeffedes 0977), Taylor 0981) and Halker 0981). Pith1n 
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 (':ently 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 relativelv well-drained terrain associated 
with them (Plates 3 & 4). This type of terrain is common within the coastal 
plain portion of the ANltJR, covering over 22% of the study area. Elevations 
within the re~ion rise graduallv from sea level to about 150 m. 

The veg;etation on ridges is moist sedge tundra Hhi.ch may or may not contain 
tussocks. The dominant Landsat landcover classes are moist sed12;e, orostra te 
shrub tundra, and moist sedge/barren tundra complex. The latter class is 
associated mainlv Hith upland terrain where frost scars occupy 30o/, of most 
surfaces. Frost scCirs have Pergeli.c Cryaquept soils with loam and fine sandy 
loam textures. Soils between the frost scars are Perp;elic Cryaquolls and 
commonly have from 8-12 em of saoric orR;anic material as a surface horizon 
overlying loam, or occasionally silt loam textured mineral soil. The active 
l ii.yer depth is 30 to ')0 em jn August at the time of maximum thCi'd. The 
depressions hetvJeen ridp;es contain moist/wet sedge tundra comolex, 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 Ri.ver and 
the Sadlerochit River, an east-Hest 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. East 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 Hide 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 .. Rreas of tussock covered high-contered polygons 
juxtaposed 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 oolygons) are Cryaquolls with uo to 12 em of hemic 
or sapric organic overlying dark colored organic rich mineral materials. 
Cryaquepts occur as frost scars that may occupy up to 40% of the polygon 
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Plate 3. H1!/y coastal plain wdh Brooks Range Mountains in background 

Plate 4. Moist sedge/barren tundra complex on hilly coastal plain. 
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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 0977), Taylor (1981) and Walker (1981). Within 
the study area it has been studied by Meyers (1985) in the Beaufort Lagoon and 
Camden Bay 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. l). 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 terrain is common within the coastal 
plain portion of the ANWR, covering over 22% of the study area. Elevations 
within the region rise gradually from sea level to about 150 rn. 

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 latter class is 
associated mainly with upland terrain where frost scars occupy 30% of most 
surfaces. Frost scars have Pergelic Cryaquept soils with loam and fine sandy 
loam textures . Soils between the frost scars are Pergelic Cryaquolls and 
commonly have from 8-12 ern of sapric organic material as a surface horizon 
overlying loam, or occasionally silt loam textured mineral soil. The active 
layer depth is 30 to 50 ern 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 krn, low foothills 
rise from Camden Bay to the base of the Sadlerochit Mountains, which lie 30 to 
55 krn from the sea coast. The hills in this region are interspersed with the 
drainages of the Tarnayariak 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 
Tarnayariak River have barren gravel outcrops. East 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 krn wide and there are another 20 krn of foothills to the boundary 
of the refuge wilderness . 

The crests of hills are commonly sites of complex pat terns of soils and 
rnicroscale landforms e . g., areas of tussock covered high-centered polygons 
juxtaposed with patternless areas, strangrnoor, and low- centered polygons 
(Plates 5 & 6). Therrnokarst 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 Cryaquolls with up to 12 ern of hemic 
or sapric organic overlying dark colored organic rich mineral materials . 
Cryaquepts occur as frost scars that may occupy up to 40% of the polygon 
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Plate 3. Htl/y coastal plain with Brooks Range Mountains in background 

Plate 4. Moist sedge/barren tundra complex on htl/y coastal plain. 

52 
~ -



Plate 5. High- centered polygons on foothills terrain. 

Plate 6. Moist sedge tussock, dwarf shrub tundra. 

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

The slopes are generally greater than 5% and are covered with cotton grass 
tussocks (Eriophorum vaginatum), willow (Salix spp.), and birch (Betula nana 
s.l.). 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 l. 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 em of Hemic or Sapric organic 
matter overlie mineral materials into which organic material is commonly 
enmixed. Active layer thicknesses range between 30 and 50 em, 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 em 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 
r anges between 70 em 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 is thin or absent and abrasion by blowing snow 
may be severe. However, soil development beneath stable microsi tes may be 
relatively intense. The soils are Pergelic (Lithic) Cryumbrepts if sufficient 
en mixed organic rna t ter is present or Pergelic (Lithic) Cryochrepts if it is 
not . Active layer thickness is greater than 1 m and ice volumes beneath these 
soils are generally low. 
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Plate 5. High- centered polygons on footht!ls terrain. 

Plate 6. Moist sedge tussock, dwarf shrub tundra. 

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

The slopes are generally greater than 5% and are covered with cot ton grass 
tussocks (Eriophorum vaginatum), willow (Salix spp.), and birch (Betula nana 
s.L). Parallel and subparallel water tracks are commonly present giving the 
topography a decidedly ribbed appearance. Areas referred to as Hater 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 em of Hemic or Sapric organic 
matter overlie mineral materials into which organic material is commonly 
enmixed. Active layer thicknesses range between 30 and 50 em, 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 em of the 

surface. 

Frost scars are almost always a component of tussock tundra and can comprise 
up to 50% of a given sur face 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 En tic Cryaquoll. Active layer thickness 
ranges between 70 em and l 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 is thin or absent and abrasion by blowing snow 
may be severe. However, soil development beneath stable microsi tes may be 
relatively intense. The soils are Pergelic (Lithic) Cryumbrepts if sufficient 
enmixed organic matter is present or Pergelic (Lithic) Cryochrepts if it is 
not. Active layer thickness is greater than l m and ice volumes beneath these 
soils are generally low. 
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Solif'luction forms, such as discontinuous stripes of frost scars or lobes, are 
common downslope from some outcrops and where slope breaks exceed 7-10%. This 
phenoweno~ 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 is a moist dwarf shrub, tussock tundra. Terrain with water track 
complexes is classed as moist tussock sedge, dwarf 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 
djfflcult 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 Hithin ANWR where 
ar'eas with numerous frost-scars have comoletely different plant communi ties 
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 l250m and have only sporadic 
vegetation and ground pattern. 

Soils consist of Pergelic Cryorthents ( Cryochrepts may 
fine enough) interspersed Hith rock land. Although 
beneath such sur·faces it is difficult to detect since 

occur if textures are 
permafrost is present 
the excessive drainage 

and exoosed snoH free slope positions preclude any significant accumulation of 
ice. However, experience elseHhere (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 occasion Pergelic Cryaquolls do occur in finer 
textured materials. Their presence and degree of development indicate at 
least local stability or very sloH rock glacier movement on such slopes. 

ReloH the talus, where vegetation cover is commonly comolete and snowbanks 
develop, the slopes display a variety of solifluction forms including turf 
banked terraces, lobes, and stripes. A complex of soils js 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 c~ or 
more in the Hetter areas to less than 30 em on some of the better drained 
micro topographic elements Hi th organic rich soils. Where coarse blocky talus 
underlies the solifluction slope, water movement in spring may distribute 
mineral material over the surface of otherwise organic rich soils. 
Solifluction slopes are naturally unstable with a complex of perched Hater 
tables and subsurface drainages. 
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Vegetation communities in these areas are identified as partially vegetated by 
Landsat classjfication 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 
1-Jith numerous prostrate shrubs, such as mountain avens (Dryas octopetala), 
prostrate willoVJs (Salix arctica, ~ chamissonis, ~ phlebophylla), and small 
forbs. Sadlerochit Springs is of special interest because of the presence of 
poplars (Populus balsamifera) and other disjunct plant species (Murray l979a, 
l979b). 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 hryophytes 
associated VJith VIet 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 2S% of the study area), 
their value as wildlife habitat, and because they are likely to be affected by 
exoloration and drilling operations. This discussion includes the barren 
deltas and braided channels of the larger rivers, the terraces and alluvial 
areas associated 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 usually l or more 
terraces. The majority of the major rivers within the study area are braided 
channels ranging in VJidth from about 1 km to 4 km (Plate 7). Most of the 
diamond shaped islands betVJeen channels are probably inundated at least 
sporadically in most years during the period of melt-off (usually late May to 
early June). These islands may be either unvegetated or vegetated. 
Unvegetated islands are subject to intensive water and ice scouring, and 
consist of gravels Hith little soil development (riverwash). Vegetated 
islands are eleva ted sU.ghtly above the normal high Hater mark because of 
channel cutting and have Hidely 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. In 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 Hhere fine sandy 
surface sediments have been reVJorked into low discontinuous sand dunes, 
Cryopsamment soils are recognized. Permafrost here is in excess of l 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 snoVJrnelt 
flooding (Fig. 3). The youngest 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 em 
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 Hi th fibrous 
organic horizons up to 20 em or more thick overlying mottled gray silt and 
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Plate 7. Bratded river floodplain. 

Plate 8. Riparian willows. 
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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 oc tope tala) , 
prostrate willows (Salix arctica, ~ chamissonis, ~ phlebophylla), and small 
forbs. Sadlerochit Springs is of special interest because of the presence of 
poplars (Populus balsamifera) and other disjunct plant species (Murray l979a, 
l979b). 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 bryophytes 
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 25% 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 associated with old river channels, and the delta formations at the base 
of the foothills that possibly represent an ancient sea level. 

Riverine systems consist of the active channel and usually l or more 
terraces. The majority of the major rivers within the study area are braided 
channels ranging in width from about l km to 4 km (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 islands may be either unvegetated or vegetated. 
Unvegetated islands are subject to intensive water and ice scouring, and 
consist of gravels with little 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. In the most stable positions a thin Al horizon has developed 
and some mottling occurs in the fine sediments. The active layer normally 
exceeds l 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 l 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 youngest 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 em 
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 em or more thick overlying mottled gray silt and 
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Plate 7. Braided river floodplain. 

Plate 8. Riparian willows. 
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silt loam textured materials. Permafrost is encountered usually within 50 
em. These soils are Pergelic Cryaquepts. A surface pattern consisting of l 
to 2 m diameter polygon cells is common to the better drained island 
elements. Other of the terraces may lack any surface pattern and consi:c3t 
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. Outward from the 
river the trend in soil and ground pattern development is 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 freauent 

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 mud flow or by solifluction. The result is commonly a complex of 
soils (and non-soil) on which the solifluction lobes, which may stand 50 em or 
more above the surrounding slope, exhibit over-thickened A horizons. Wetter 
areas occur upslope and behind the lobes. 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 ex~osed 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 l m or 
more. The processes of topographic reversal are quickly 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 th8t 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). 
Slightly more stable areas are often only partially vegetated, but may contain 
a "d Wl e variety of taxa (Appendix I, Table l). These are among the most 
floristically 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 
n.s riparian willow communi ties 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 l:i mited supply of riparian 
willows within the study area may be of significance to the numerous wildlife 
species that compete for this resource. 

Dense willow communi ties also occur along some of the smaller drainages in 
bands too narrow to appear on Landsat images. These smaller streams and 
quieter :i.nterchannel areas of some larger rivers have lush sedge and willow 
stands. The heights of the willows vary according to the amount of w:i_nter 
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 2m in height (Walker 1981). 

Dry terraces just above the main braided channels often have distinctive dry 
prostrate shrub, forb tundra (Dryas river terraces). These communi ties are 
fairly extens:ive, 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 
development is either 
recognized. Permafrost 
probably underlies these 

Sand Dunes 

small percentage of 
or in some stable 

enter into the soil 

a very 
lacking 
does not 

the study area. 
sites Cryorthents 

taxonomy although 

Soil 

sites. 

are 
it 

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 soils 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 detetil 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 
exp1 orn.ti on and /or development occurs on the study area, this base map is 
essential to aid in s:i_te selection for facilities and related activities to 
minimize environmental impacts. 
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\-Jillows (Salix spp.) are common on partially vegetated gravel bars, and may 
form fairly extensive thicket;,; however, these thickets are not as extensive 
C!S riparian willow communi ties 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 communi ties 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 ;c;ome larger rivers have lush sedge and willow 
stands. The heights of the willows vary according to the amount of winter 
sr~ow 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 2m in height (Walker 1981). 

Dry terraces just above the main braided channels often have distinctive dry 
prostrate shrub, forb tundra (Dryas river terraces). These communi ties 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 
development is either 
recognized. Permafrost 
probably underlies these 

Sand Dunes 

a very small percentage of the study area. Soil 
lacking or in some stable sites Cryorthents are 
does not enter into the soil taxonomy although it 
sites. 

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 soils 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 4 

BIRDS 

Information in this chapter is divided into 4 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: l) tundra - including 
wetlands, uplands, and inland lakes, 2) shoreline habitats and, 3) coastal 
lagoons and offshore waters. The final section is an annotated species list 
summarizing 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, 4 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 l 
abundance-status code can be listed for each species. The abbreviations used 
in Table l 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) 

68 



Walker, D.A, P.J. Webber, and V. Kormarkova. 1979. A large scale (1:6,000) 
vegetation mapping method for northern Alaska. Inst. of Arctic and Alpine 
Res., Plant Ecology Lab., Univ. of Colorado, Boulder. 48pp. 

Walker, D.A., K.R. Everett, P.J. Webber, and J. Brown. 1980. Geobotanical 
atlas of the Prudhoe Bay region, Alaska. U.S. Army Cold Regions Res. and 
Eng. Lab., Hanover, N.H. CRREL Report 80-14. 73pp. 

Walker, D.A., W. Acevedo, K.R. Everett, L. Gaydos, J. Brown, and P.J. Webber. 
1982. Landsat-assisted environmental mapping in the Arctic National 
Wildlife Refuge, Alaska. U.S. Army Cold Regions Res. and Eng. Lab., 
Hanover, N.H. CRREL Rep. 82-27. 59pp. 

Walker, D.A., P.J. Webber, and K.R. Everett. 1983. 1:63,360- scale 
geobotanical mapping studies in the Arctic National Wildlife 
Alaska. Inst. of Arctic and Alpine Res., Plant Ecology Lab., 
Colorado, Boulder. 48pp. 

Refuge, 
Univ. of 

Webber, P.J. 1978. Spatial and temporal variation of the vegetation and its 
production, Barrow, Alaska. Pages 37-112 in L.L. Tieszen, ed. 
Vegetation and production ecology of an Alaskan arctic tundra. 
Springer-Verlag, New York. 686pp. 

Webber, P.J., and D. A. Walker. 1975. Vegetation and landscape analysis of 
Prudhoe Bay, Alaska: A vegetation map of the Tundra Biome study area. 
Pages 81-90 in J. Brown, ed. Ecological investigations of the tundra biome 
in the Prudhoe Bay region, Alaska. Biol. Pap. Univ. Alaska, Spec. Rep. 2. 

Weiler, G.J. 1980. Caribou on Landsat vagetation types on the coastal plain 
of the Arctic National Wildlife Refuge. May - June 1980. U.S. Fish and 
Wildl. Serv., Arctic National Wildlife Refuge, Fairbanks, Ak. 37 pp. 
( mimeo. ) . 

Wiggins, I.L. 1951. The distribution of vascular plants on polygonal 
ground near Point Barrow, Alaska. Dudley Herbarium Contrib. 4(3):41-56. 

Wiggins, I.L., and J.H. Thomas. 1962. A flora of the Alaskan arctic slope. 
Univ. Toronto Press, Canada. Arctic Inst. of N. Amer., Spec. Publ. No. 4. 
425pp. 

67 

Chapter 4 

BIRDS 

Information in this chapter is divided into 4 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, 2) shoreline habitats and, 3) coastal 
lagoons and offshore waters. The final section is an annotated species list 
summarizing 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, 4 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 (pass) 

68 



Table 1. Status of birds known to occur on the coastal plain of Arctic 
Nat i.onal Wildlife Refuge, Canning River to Canada border as of 18 
September 1985. 

Species Coastal plain 
in general 

Common loon prob RV,RM 
Yellow-billed loon 
Pacific loon CB 
Red-throated loon 
R~d-necked grebe 
Horned grebe 
Short-tailed shearwater 
Tundra swa1~ 

Trumpeter swan 
Canada goose 
Brant 
Greater white-fronted 

goose U to FCSpM,CFM 
Snow goose USpM,RSV,AFM 
Ross' goose 
MaUard 
Northern pintail 
Sreen-winged teal 
Northern shoveler 
Eurasian wlgeon 
AmePican wigeon 
Greater sc2up 
Lesser scaup 
r-o;nmo'1 goldeneye 
Jldsquaw 
Harlequin duck 
Steller's eider' 
Cornr1on eider 
IU ng eider 
.')pect;::;z~led eider 
'rn11~.e--wi.nged scoter 
'lr r scoter 

Black seater 
Co,nmon merganser 
Red-breasted merganser 
No:·thern harrier 
Northern goshawk 
~ough-legged hawk 
Go1_den eagle 

-~;r;c_;~::_~ark r .. c;strel 
Mer' lin 
Pei~ef'rine falcon 
GyTfa1con 
WilloH ptarmigan 
Rock ptarmigan 
SandhilJ crar;e 
Semipalmated pl0ver 

CM, CSRes, RB 

RSV 

Cas V 

Inland coastal 
plain 
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RM 
CB 

TJV 

RB 

UB 

RB,RSV 

CB 
RB,USV 

poss RB 

Cas SV 
UB,USRes,FCM,Cas SV 

RSV 
UB,USRes 
prob RB,U to FC 
SRes 

poss RB,RV 
poss RB,RSRes 
UB, URes 
CRes ,CB 
CRes,CB 
RSpM 
RB 

Outer coastal 
plain and coast 

UM 
CB,CM 
FCB,CM 
Cas SV 
Cas SV 
Cas SV 
CB,CS Res 
RB 
UB,U to FCM 
UB,AM 

Cas SpM 
UM,RSV 

RB 
RM,RSV 
Cas V 
U to FCM 
UM,USV 

RSpM,RSV 
CB,ASRes,AM 

RB,RSRes 
UB,FCM,FCSRes 
UB,UM 
UB 
UM,USRes 
UM, USRes 
UM,USRes 

RB,RSRes,FCM 

U to FCSRes 

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

Table 1. Continued. 

Species Coastal plain 
in general 

Lesser golden-plover 
Black-bellied plover 
Eurasian dotterel 
Killdeer 
Black-tailed godwit 
Hudsonian godwit 
Bar-tailed godwit 
Whimbrel 
Upland sandpiper 
Lesser yellowlegs 
Spotted sandpiper 
Wandering tattler 
Ruddy turnstone 
Red-necked phalarope 
Red phalarope 
Common snipe 
Long-billed dowitcher 

Red knot 
Sanderling 

Semipalmated sandpiper 
Western sandpiper 
Least sandpiper 
White-rumped sandpiper 

Baird's sandpiper 
Pectoral sandpiper 
Sharp-tailed sandpiper 
Dunlin 
Stilt sandpiper 
Buff-breasted sandpiper 
Pomarine jaeger 

Parasitic jaeger 
Long-tailed jaeger 
Glaucous gull 
Slaty-backed gull 
Herring/Thayer's gull 
Mew gull 
Bonaparte's gull 
Ivory gull 
Black-legged kittiHake 
Ross' gull 
Sabine's gull 
Arctic tern 
(Thick-billed) murre 
Black guillemot 
Horned puffin 
Snowy owl 

Cas V 

Cas M 

Locally R to FCB 
CSpM, Locally 
U to CSV,B 
FCSRes ,B 
FCSpM,CSRes 

RM,RSV 
RSpM,RSV 
Cas V 

Inland coastal 
plain 

FCB,FCM 
RM 

RB 
Locally U to FCB 

UB 
UB 
UB 
FCB 
UB 
RSV,poss B 

CB 

FCB 
CB,CM 
Cas M 

UB, UM 

FCB 
prob UB, USRes 

prob RB 

RB 

RSRes 

Outer 
plain < 

FCB,( 
RSpM 
Cas 
Cas 
Ace 

RM 
uv 

Cas 

FCB,l 
CB,C 
FCB,l 
RV 
UB,F< 
CFM 
RM 
RSpM 
UFM 
AB,Ar 
Cas ~ 

RM,m 
RSpM: 
UFM 
UB,ur 
CB,Ar 

UB,F< 
FCB,I 
UM 

UB 
CB,A 
Cas 

RM 
RM 
Cas 
UB,U 
FCB,~ 

RM 
RB,ll 
Cas I 

R to 
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'car,:"" L, 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. 
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S~ow goose USpM,RSV,AFM 
?--:1.3~"': t fZOOSe 

~/'1 ~""d 

~:.}rt.~1~:·;·, ~~·1_nta 11 
~~Pen-~~~~~d t0J! 
r~.:c·;r· :-_ h-?::'~: shc,vc ~ er 
\~r·::~.s j_.::.:_.~-1 lVl.F~e~Jn 

,~ -,,., w·: ~?,~:):: 

Gr:.;;~t.:.::r (3c~~:: .. "'; 

;:::.· -:;·-::""· ··-:c :r 
;·~(- · T1rT>~:-~ JS c; l d~n eye 

~ j e_L~ (~ tL~_~..; 

Ha"" ") , .... .J 1 li·"J duck 
2)t{~_!_ -~ (.)·:· t::i.:ie:., 
~~o~~,.~.~::,r~ \:..~ cie~-

: :-'"1 1?; ·::.1 (_J_:-:r 

1_>: :_~,-·led eider 
~~ ~-~~ng~d seater 

~:.,. . : L '; :"' 

-gi.--:.c scvtec 

.·;,r:L')t m~!~f--~anser 

r 0d-~reasted merganser 
r':~: •. ,,,.,_, r<ar-r-ier 
\j·····t, ;:;:>r•r. ;~,;shawk 

c: ·'·.->:·::,zed hawk 
.:}~..: '': i-?~'1 .:::.~ ~!1. f3 

~~~ :TJ r-> :· ___., ---· a r~ 1,: l:~ s L r 81 
)\.f0~ ...:._ _l_ ' 

-_, '"'~-·,- r i_ n ~ fa }_,'J('!l 

11 

·" ·; l t o~.i i3;an 
p· :tr'!ll ~t:,_,··1 

.c:.CL:_;r-.! 1 ::_~rdr. 

.-::-' ~·::~:,. :-.; 1_~ 1 Ci.~- c~:·i pl r• \ter 

CM,CSRes,RB 

RSV 

Cas V 
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Inland coastal 
plain 

RM 
CB 

uv 

RB 

UB 

RB,RSV 

CB 
RB,USV 

poss RB 

Cas SV 
UB,USRes,FCM,Cas SV 

RSV 
UB, USRes 
prob RB,U to FC 
Slies 

poss RB,RV 
poss RB,RSRes 
UB,URes 
CRes,CB 
CRes,CB 
RSpM 
RB 

Outer coastal 
plain and_ coast 

UM 
CB,CM 
FCB,CM 
Cas SV 
Cas SV 
Cas SV 
CB,CS Res 
RB 
UB,U to FCM 
UB,AM 

Cas Spt1 
UM, RSV 

RB 
RM ,RSV 
Cas V 
TJ to FCt--1 
UM,USV 

RSpM,RSV 
CB,ASRes,AM 

RB, RSRes 
UB,FCM,FCSRes 
UB,UM 
UB 
UM,USRes 
UM, USRes 
UM, USRes 

RB,RSRes,FCM 

U to FCSRes 

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

I 
Table 1. Continued. 

Species Coastal plain 
in general 

Lesser golden-plover 
Black-bellied plover 
Eurasian dotterel 
Killdeer 
Black-tailed godwit 
Hudsonian godwit 
Bar-tailed godwit 
Whimbrel 
Upland sandpiper 
Lesser yellowlegs 
Spotted sandpiper 
Wandering tattler 
Ruddy turnstone 
Red-necked phalarope 
Red phalarope 
Common snipe 
Long-billed dowitcher 

Red knot 
Sanderling 

Semipalmated sandpiper 
Western sandpiper 
Least sandpiper 
White-rumped sandpiper 

Baird's sandpiper 
Pectoral sandpiper 
Sharp-tailed sandpiper 
Dunlin 
Stilt sandpiper 
Buff-breasted sandpiper 
Pomarine jaeger 

Parasitic jaeger 
Long-tailed jaeger 
Glaucous gull 
Slaty-backed gull 
Herring/Thayer's gull 
Mew gull 
Bonaparte's gull 
Ivory gull 
Black-legged kittiwake 
Ross' gull 
Sabine's gull 
Arctic tern 
(Thick-billed) murre 
Black guillemot 
Horned puffin 
Snowy owl 

Cas V 

Cas M 

Locally R to FCB 
CSpM,Locally 
U to CSV,B 
FCSRes ,B 
FCSpM,CSRes 

RM,RSV 
RSpM,RSV 
Cas V 
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Inland coastal 
plain 

FCB,FCM 
RM 

RB 
Locally U to FCB 

UB 
UB 
UB 
FCB 
UB 
RSV,poss B 

CB 

FCB 
CB,CM 
Cas M 

UB, UM 

FCB 
prob UB,USRes 

prob RB 

RB 

RSRes 

Outer coastal 
plain and coast 

FCB,CM 
RSpM,RB,FCFM 
Cas SV 
Cas SV 
Ace M 

RM 
uv 

Cas M 

FCB,UM 
CB,C to AM 
FCB,U to FCM 
RV 
UB,FCSRes, 
CFM 
RM 
RSpM,CasB, 
UFM 
AB,AM 
Cas SpM,FCFM 
RM,RV 
RSpM,poss RB, 
UFM 
UB,UM 
CB,AM 

UB,FCFM 
FCB,FCM 
UM 

UB 
CB,AM 
Cas V 

RM 
RM 
Cas M 
UB,Um 
FCB,SV,M 
RM 
RB,UV,USRes 
Cas V 
R to CB,SRes 



Table l. Continued. 

IPS Coastal plain Inland coastal 
plain 

.':h;)rt-eared owl 
c:r'lmon nighthawk 

~a3tern kingbird 
's phoebe 

--·-·--=~~)!·~ s p • 
Hor·ned .i ark 
Ji.." 1 nt-.;reen swi1llow 
'lank s1-:a11ow 
~~arn swallow 
:l.iff swallow 
<;ray jay 
C>')mmon raven 
Amer:can dipper 
Arr.er'ican r··obi.n 
'\!Ci··led thrush 
derm i_ t. thrush 
Gray-cheeked thrush 
Nor·thern wheatear 
Blue throat 
Yellow wagtail 
1-/qter pipit 
C8dar waxwing 
North'?rn shrike 
Orange-crowned warbler 
Yellow warbler 
Wilson's warbler 
Red-winged blackbird 
Rusty blackbird 
Brcwn-headed cowbird 
Redpoll 
Pine siskin 
Savannah sparrow 
Dark-eyed junco 
American tree sparrow 
Chipping sparrow 
Clay-colored sparrow 
White-crowned sparrow 
White-throated sparrow 
Fox span·ow 
Lapland longspur 
Smith's longspur 
Snow bunting 

in general 

R to CB 
Cas V 
Ace V 
Cas V,Acc FM 

RB,RV 

Cas V 
RSpM ,RB 

Ace V 
URes 
Locally UB, URes 
Cas SV 

Ace V 
Ace 
Cas V 

RV 
RB,RM 

Locally R to FCB 
RB,FCFM 
Ace V 
RV,poss B 

poss RB 
Cas,FM 

Cas V 

Ace V 
Locally R to AB,SV 
RV 
Locally U to FCB 
RM 

Locally R to FCB 
Cas V 
Ace V 
R to FCB 

RSV,poss B 
AB 
RV 
CB 
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Outer coastal 
plain and coast 

R to FCB,M 

Ace V 
Cas V 
Ace SpM 
Cas M 

URes 

RB 

Ace M 
Cas V 

Cas M 

Ace V 

r 
I 

Bird Use of Tundra Habitats 

several 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 0970) 
censused birds near Beaufort Lagoon on randomly-located quadrats (402 x 402 m, 
o .62 km2) to determine waterfowl-use days. Andersson ( 1973) estimated 
densities of certain shorebird species at the Nuvagapak Point area in 1970. 
Salter 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 
habitat 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 li~ear 
transects (3 .4 km2 of area surveyed). Spindler Cl978a) censuserl nesting and 
transient bird populations on 4 different tundra habitat types prevalent near 
the Okpilak River Delta in 1978 (Fig. 1). A total of 1.75 km2 was sampled, 
3 0.5 km2 plots and 1 0 .25 km2 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 km2 plot in an area of varied tundra 
habitats. Martin and Moitoret (1981), Martin (1983) and Moitoret (1983) 
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). In 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 C~apter 
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 ~) were conducted annually (Oates et al. 1986b). All 
locations were not sampled during all years of the study. This study design 
hampered examination of annual variability, but provided sampling opportunity 
for additional locations (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 migration. 
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Table l. Continued. 

-----------------------------------------------------------------------------------Species Coastal plain Inland coastal Outer coastal 
____ in general plain plain and coast _ 

.:.:;hort-eared owl 
Common nighthawk 
3astern kingbird 
.'-i"ly' s phoebe 

Hor~nc~o 1 ark 
JiLlPt-green swRllow 
'3ank .s....:a1low 
i:'\:u•n .swallow 
Liff swallow 

,~ray jay 
C0mmon raven 
American dipper 
Jlrr.eric&n robin 
\ic;y Ied thrush 
Hermit thrush 
Gray-cheeked thrush 
Northern wheatear 
Bluet:.hroat 
Yellow wagtail 
\hter pipit 
Cedar waxwing 
Northecn shr·ike 
Orange-crowned warbler 
YelloH warbler 
W 1lsor.' s >varbler 
Red-winged blackbird 
Rusty blackbird 
Brown-headed cowbird 
Redpoll 
Pine siskin 
Savannah sparrow 
Dark-eyed junco 
American tree sparrow 
Chipping sparrow 
Clay-colored sparrow 
White-crowned sparrow 
White-throated sparrow 
Fox sparrow 
Lapland longspur 
Smith's longspur 
Snow bunting 

Cas V 
Ace V 
Cas V,Acc FM 

Cas V 

Ace V 

Ace V 
Ace 
Cas V 

Locally R to FCB 

Cas,FM 

Ace V 

R to CB 

RB,RV 

RSpM,RB 

URes 
Locally UB, URes 
Cas SV 

RV 
RB,RM 

RB,FCFM 
Ace V 
RV,poss B 

poss RB 

Cas V 

Locally R to AB,SV 
RV 
Locally U to FCB 
RM 

Locally R to FCB 
Cas V 
Ace V 
R to FCB 

RSV,poss B 
AB 
RV 
CB 
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F ~--

R to FCB,M 

Ace V 
Cas V 
Ace SpM 
Cas M 

URes 

RB 

Ace M 
Cas V 

Cas M 

Ace V 

Bird Use of Tundra Habitats 

several 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 km2) to determine waterfowl-use days. Andersson ( 1973) estimated 
densities of certain shorebird species at the Nuvagapak Point area in 1970 • 
Salter 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 
habitat 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 0977). Ei.ght 
different sites and 14 different habitats were surveyed using 86 km of lir:ear 
transects (3 .4 km;:> of area surveyed). Spindler Cl978a) censused nesting and 
transient bird populations on 4 different tundra habitat types prevalent near 
the Okpilak River Delta in 1978 (Fig. l). A total of 1.75 km2 was sampled, 
3 0.5 km2 plots and l 0 .25 km2 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 km2 plot in an nrea of varied tundra 
habitats. Martin and Moitoret (1981), Martin (1983) and Moitoret (1983) 
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. l). 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. l97S, Hohenburger et al. 1930); near 
Barrow (Myers and Pitelka 1980); and on the interior coastal plain at Atkasook 
(Myers and Pitelka 1980). In 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 ohjecti ve 
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 C~apter 
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 ~) were conducted annually 'Oates et al. l086h). All 
locations were not sampled during all years of the study. This study design 
hampered examination of annual variability, but provided sampling opportunity 
for additional locations (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 migration. 
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Table 2. Habi~at types for bird census plots, Arctic National Wildlife Refuge, Alaska 1982-1985. 
Corr~spondence with the dominant Landsat cover '!nits (Walker Pt al. 1982), or other vegetation 
types where applicable, is shown. 

No. 8 

II 

III 

IV 

IVa 

v 

VI 

IX 

Habitat class Landsat cover unit 
Ab brr~v i a_t.:.-=e-=d--=n.:.:a:.:cmc::_;_e ________ _ 

Flooded 

Wet Sedge 

Moist Sedge 

Mosaic 

Moist Sedge-Shrub 

Tussock 

Riparian 

Pond/Sedge Tundra Complex (IIa) 
Aquatic Tundra (IIb) 
Wet Sedge Tundra - Noncomplex (IIIb) 

Wet Sedge Tundra - Noncomplex (IIIa) 

Moist/Wet Sedge Tundra Complex (IVa) 
Wet Sedge Tundra-Moist Complex (IIIc) 

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

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

Dry Prostrate Shrub, Forb Tundra 
(Dryas River Terraces-IVb) 

Partially Vegetated Areas-River Bars (IX) 
Barren Gravel or Rock(X) 
Barren Mud or Wet Gravel(XI) 

Dominant cover types 
not separated by Landsat 

moist sedge tundra (mesic)b 
sedge-willow tundra (mesic)C 
willow-sedge tundrac 

low willowC 

aNumber generally corresponds with dominant Candsat cover unit number. 
bHomogenous moi3t sedge meadow with little or no micro-relief (Spindler et al. l984a). 
cvegetation type described by Viereck et al. (198?). 
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Table 2. Habi~at types for bird aensu~ plots, Arc~ic National Wildlife Refuge, Alaska 1982-1985. 
Cor·r~sponden<:P with the dominant Landsat cov~r nnits (Walker et al. 1982), or other vegetation 
type:3 wher·e <J.pplicab1e, is shown. 

No.3 

II 

III 

IV 

IVa 

v 

VI 

IX 

·--------------:---
Landsat cover unit Habitat class 

Abbreviated name 
.~~~~----------------

Flooded 

Wet :->edge 

Moist Sedge 

Mosaic 

Moist Sedge-Shrub 

Tussock 

Riparian 

Pond/Sedge Tundra Complex (IIa) 
Aquatic Tundra (IIb) 
Wet Sedge Tundra - Noncomplex (IIIb) 

Wet Sedge Tundra - Noncomplex (Ilia) 

Moist/Wet Sedge Tundra Complex (IVa) 
Wet Sedge Tundra-Moist Complex (IIIc) 

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

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

Dry Prostrate Shrub, Forb Tundra 
(Dryas River Terraces-IVb) 

Partially Vegetated Areas-River Bars (IX) 
Barren Gravel or Rock(X) 
Barren Mud or Wet Gravel(XI) 

Dominant cover types 
not separated by Landsat 

moist sedge tundra (mesic)b 
sedge-willow tundra (mesic)C 
willow-sedge tundrac 

low willow0 

aNumber generally corresponds with dominant Landsat cover unit number. 
bHomogenous moist sedge meadow with li.ttle or no micro-relief (Spindler et aJ. J984a). 
cvegetation type described by Viereck et al. (1982). 

Table 3. Numbers of plots of each habitat typea censused at terrestrial bird study locations, 
Arctic National Wildlife Refuge 1982-1985. 

Census Habitat type 
Location years IX II III IVa IV v VI 

Okpilakb 1982, 1983, 1985 2 3 3 4 2 

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 

Sadlerochi tC 1984, 1985 4 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 

aHabitat descriptions modified by Spindler et al. 1984a. 
bRiparian plots censused only in 1983. 
Cfourth replicate plot (594) censused only in 1985. 
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The Landsat habitat classification system was modified (Spindler et al. l984a) 
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) . In 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 mig rat ion: 
these birds arrived on the tundra and began breeding activities (Table l). 
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 te~1s, 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 
a summarization of material from Spindler and Miller (1983), Spindler et al. 
(l984a), Moitoret et al. (1985) and Oates et al. (1986b) • 

Habitats 

B_iparian (Type IX) 

Riparian habitats supported the highest mean densities of total birds 
(X=403/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 
density of nests and diversity of nesting species (Fig. 2). Ruddy turnstone, 
Baird's sandpiper, and American tree sparrow nests were found only in Riparian 
habitat as were large percentages of the nests of redpolls, savannah sparrows, 
Yellow wagtails, short-eared owls, long-tailed jaegers, buff-breasted 
sandpipers, semipalmated sandpipers, lesser golden-plovers, rock ptarmigan, 
and northern pintails (Fig. 3). High percentages of the observations of these 
species 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 communi ties, 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 longs pur nests were most 
often found in areas of short sedge with scattered willows. Lapland longspurs 
were the most common birds observed during the reproductive period. Although 
27% of Lapland longspur sightings were made in Riparian habitat, only ll% 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 l nest was found) nested in exposed root balls (McWhorter et al. 1986) 
or hollows of grasses or plant stems (Harrison 1978). These 4 species were 
usually found in lower densities or were absent at locations with low 
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 increase or decrease 
across seasons existed among locations (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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Riparian areas provided a unique variety of environmental components wh i ch 
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 communi ties, 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. Lapl and longspurs 
were 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. 1986) 
or hollows of grasses or plant stems (Harrison 1978). These 4 species were 
usually found in lower densities or were absent at locations with low 
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 increase or decrease 
across seasons existed among locations (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. l984a, Moitoret et al. 1985, Oates 
et al. l986a). 

Lesser golden-plover and yellow wagtail densities fluctuated locally from 
reproductive to post-reproductive seasons, but ex hi bi ted an overall increase 
in Riparian habitat. Pectoral sandpiper densities increased consistently and 
displayed substantial increases at Sadlerochit (from 9 to 228/km2) and 
Aichilik (from 5 to l3/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. l986b). 

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. l986a). 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 l 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 1984) . 

The Landsat classification of Flooded habitat (Chapter 3) 
several of the wetland classes distinguished by Bergman et al. 
patterns of avian distribution have been correlated with 
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Spindler and Miller 1983, Spindler et al. l984a, Moitoret et al. 1985, Oates 
et al. l986a). 

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/km2) and 
Aichilik (from 5 to l3/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. l986a). 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 l 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 1984). 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 1984). 

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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lassification (Bergman et al. 1977, Derksen et al. 1981), briefly contrasting 
~he wetl and types at each study location will clarify the subsequent 
discussion. Flooded plots at Okpilak (coastal) and Niguanak (inland) 
locations contained deep-Arctophila (Class V) lake systems, while at Jago 
Delta (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 
surveyed at Okpilak and Niguanak encompassed larger expanses of deeper water. 
These habitat differences probably influenced total avian numbers and species 
composit ion, 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 i nconsistencies 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 t otal bird density in Flooded habitat during the reproductive season 
ranged from 189/km2 at Jago Delta in 1984 to 479/km2 at Okpilak in 1985 
(Moitoret et al. 1985, Oates et al. 1986a), (Fig. 7). The higher mean number 
of spec ies observed at Okpilak and Niguanak may 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 location 
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/km2 at Jago Delta to 67/km2 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 
km2 (Oates et al. 1986a). 

Pacif ic 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 
(Gollop and Davis 1974a). On the National Petroleum Reserve-Alaska (NPR-A), 
Pacific and red-throated loons were closely associated with Deep-Arctophila 
(Class I V) 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/km2 in 
Flooded habitat (Oates et al. 1986a, McWhorter et al. 1986). 

~s expected, waterfowl species extensively used Flooded . habitat except at Jago 
elta where densities were substantially lower. A total of only 6 northern 
ii~tai ls and 5 oldsquaw were sighted over 2 years of sampling (Moitoret et al. 
t 9 5, Oates et al. 1986a). Among all waterfowl species, northern pintails had 

6 ~e lowest affinity to Flooded habitat during the reproductive season (Fig. 
• Across the Yukon north slope, waterfowl use was highest at lakes that had 

several habitat features in common: shoreline brush for nest cover, areas of 
Sedge marsh for concealment of young and good forage, and at least part of the 
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classification (Bergman et al. 1977, Derksen et al. 1981), briefly contrasting 
the wetland types at each study location will clarify the subsequent 
discussion. Flooded plots at Okpilak (coastal) and Niguanak (inland) 
locations contained deep-Arctophila (Class V) lake systems, while at Jago 
Delta (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 
surveyed 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 l89/km2 at Jago Delta in 1984 to 479/km2 at Okpilak in 1985 
(Moitoret et al. 1985, Oates et al. l986a), (Fig. 7). The higher mean number 
of species observed at Okpilak and Niguanak may have been related to the 
extensive coverage of large ponds and lakes at those sites ( Gollop and Davis 
l974a). Total avian numbers and species diversity for a given location 
increased across successive years of sampling (Fig. 7, Spindler and Miller 
1983, Spindler et al. l984a, Moitoret et al. 1985, Oates et al. l986a). 

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/km2 at Jago Delta to 67/km2 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 
km2 (Oates et al. l986a). 

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 sui table habitat. However, loons bred nearby in as soc iat ion 
With larger, permanent water bodies (McWhorter et al. 1986). Pacific loon 
abundance was positively correlated with lake size on the Yukon north slope 
(Gallop 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/km2 in 
Flooded habitat (Oates et al. l986a, McWhorter et al. 1986). 

As expected, waterfowl species extensively used Flooded habitat except at Jago 
D~lta where densities were substantially lower. A total of only 6 northern 
il~tails and 5 oldsquaw were sighted over 2 years of sampling (Moitoret et al. 
t9 5, Oates et al. l986a). Among all waterfowl species, northern pintails had 

6 
~e lowest affinity to Flooded habitat during the reproductive season (Fig. 

• Across the Yukon north slope, waterfowl use was highest at lakes that had 
several habitat features in common: shoreline brush for nest cover, areas of 
sedge marsh for concealment of young and good forage, and at least part of the 
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shoreline f ormed into a shallow basin to accommodate surface feeding ducks and 
shorebirds (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 
dowi to hers , 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/km2 reproductive season, Fig. 
6). Flooded tundra was not primary nesting habitat for pectoral sandpipers. 
Although their average nest density ( 10 .6 /km2) 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 49 and 21 birds/km2, 
respect i vely (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/km2 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 s easonal fluctuations 
in phalarope numbers varied considerably (Spindler and Miller 1983, Spindler 
et al. 1984a, Moitoret et al. 1985, Oates et al. 1986b). In 1978, red 
phalaropes were more abundant than red-necked phalaropes ( 68 .0 vs 38 .4 /km2 
respectively) in Flooded habitat at Okpilak (Spindler 1978a), however, since 
1982, t he 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 
proximity of littoral areas (Connors et al. 1979, as cited by Derksen et al. 
1981). 

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 in 
other hab itat types, averaging 9 birds/km2 (Fig. 6). The average Lapland 
longs pur nest density was higher than that of other bird species in Flooded 
habitat (Fig. 6), but was the lowest longspur nest density across all habitat 
types. Similiarly, the relatively high population densities attained by 
longspurs in Flooded habitat amounted to less than 10% of the observations 
across al l habitats (Fig. 6). 

~~a? total bit4d densities increased during the post-reproductive season at 
n Pllak, and Jago Delta (1985), but at the inland location of Niguanak total 

umbers declined (Fig. 7, Oates et al. 1986b). The trend for 
~~~t-reproducti ve densities to decline inland and rise coast ally (Myers and 
ob elka 1980) was accompanied by a general decrease in mean numbers of species 

served (Fig. 7 ). 
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horeline formed into a shallow basin to accommodate surface feeding ducks and 
shorebirds (Gallop and Davis l974a). Oldsquaw were the most abundant 
:aterfowl 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. 1981+a, 
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/km2 reproductive season, Fig. 
6). Flooded tundra was not primary nesting habitat for pectoral sandpipers. 
Although their average nest density ( 10 .6/km2) 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 49 and 21 birds/km2, 
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/km2 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 198 3, Spindler 
et al. 1984a, Moitoret et al. 1985, Oates et al. l986b). In 1978, red 
phalaropes were more abundant than red-necked phalaropes ( 68 .0 vs 38 .4/km2 
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 
proximity of littoral areas (Connors et al. 1979, as cited by Derksen et al. 
1981). 

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 in 
other habitat types, averaging q birds/km2 (Fig. 6). The average Lapland 
longspur nest density was higher than that of other bird species in Flooded 
habitat (Fig. 6), but was the lowest longspur nest density across all habitat 
types. 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). 

~~a~ total bird densities increased during the post-reproductive season at 
Pllak, and Jago Delta (1985), but at the inland location of Niguanak total 

numbers declined (Fig. 7, Oates et al. l986b). The trend for 
~?st-reproducti ve densities to decline inland and rise coast ally (Myers and 
~telka 1980) was accompanied by a general decrease in mean numbers of species 

o served (Fig. 7) . 
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pectoral sandpipers averaged 204 birds/km2 during the post-reproductive 
eason as pectoral adults attended chicks, and later, migrating flocks 

~ongregated in Flooded areas. The following reproductive season for pectoral 
use was consistent for all locations and years, excluding Jago Delta, 1984 
(Fig. 8, Spindler and Miller 198 3, Spindler et al. 1984a, Moitoret et al. 
l985, Oates et al. l986a). The highest local post-reproductive pectoral 
densit y averaged 423/km2 at Okpilak in 1983 (Spindler et al. l984a). Martin 
(1983) reasoned that heavy use of wet/flooded tundra by late summer migrants 
reflec ted an abundance of midge (Diptera: Chironomidae) larvae 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-reproducti~e season (Fig. 6), as overall densities increased at both 
Okpilak and Niguanak. Late-season use of Flooded tundra by oldsquaw, 
exclud ing the larger lakes, was negligible at all locations. Males left 
during mid-summer and gathered in coastal lagoons and shoreline waters, while 
female s molted and at tended broods on large deep lakes before joining the 
coast line 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 
crit ical 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 mean total 
birds and nests with low to moderate species diversity (Fig 2), but exhibited 
s ome of the highest local and annual variability in bird use of any habitat 
stud ied. This habitat has a wide range of characteristics within the Landsat 
class and a large variety of microsi tes 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 s edges with a thick moss mat, to sedges with shrub-rich strangs. Surface 
water cover also varies widely between years within and among locations 
depending on the amount of winter snow accumulation, time of snow melt, and 
summer precipitation. Usually, this habitat has standing water early in the 
summer 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 
dlversity, and species composition of birds utilizing Wet Sedge for nesting 
and foraging may be related to availability and interspersion of microsites, 
as we ll as to the extent, depth, and duration of standing water. 
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pectoral sandpipers averaged 204 birds/km 2 during the post-reproductive 
eason as pectoral adults attended chicks, and later, migrating flocks 

:ongregated in Flooded areas. The following reproductive season for pectoral 
use was consistent for all locations and years, excluding Jago Delta, 1984 
(Fig. 8, Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al. 
l985, Oates et al. 1986a). The highest local post-reproductive pectoral 
densitY averaged 423/km2 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) larvae 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 locations. Males left 
during mid-summer and gathered in coastal lagoons and shoreline waters, while 
females molted and at tended 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 mean 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 microsi tes 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 locations 
depending on the amount of winter snow accumulation, time of snow melt, and 
summer precipitation. Usually, this habitat has standing water early in the 
summer 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 
may be free of surface water from the onset of summer. Avian density, species 
diversity, and species composition of birds utilizing Wet Sedge for nesting 
and foraging may be related to availability and interspersion of microsites, 
as 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 habitats 
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 tundra 
in 1985 (Spindler and Miller 1983, Spindler et al. l984a, Oates et al. 
l986b). Average total bird densities varied slightly among years (X: 
l7l/km2), but varied widely between locations (Fig. 9). Sadlerochit 
supported the highest mean number of total birds in 1984 (X=2llfkm2, 
Moitoret et al. 1985), and in 1985 (X=40l/km2) was second only to 
Sadlerochit Riparian and Okpilak Flooded habitat for total bird densities 
(Oates et al. l986b). In contrast, Wet Sedge at Aichilik supported the second 
lowest mean total bird densities (X=96/km2) recorded in any habitat in 1984 
and 1985. 

Mean total nest densities averaged 33.9/km2 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 40 
nests/km2 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. l984a, 
Moitoret et al. 1985, Oates et al. l986b). Total nest densities at Okpilak in 
1978 (X=45/km2) and at Canning Delta in 1979 (X=59fkm2) and 1980 
(X=93/km2, 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 in varying densities. Stilt sandpipers were observed in low 
densities at all locations 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 .lkm2) 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. l984a, Oates 
et al. l986b). 

Lapland longspurs were the most abundant nesters in Wet Sedge at all 
locations, with an average nesting density of l4.2/km2. 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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In 4 annual comparisons Wet Sedge ranked fourth to sixth among 7 habitats 
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 tundra 
in 1985 (Spindler and Miller 1983, Spindler et al. 1984a, Oates et al . 
1986b). Average total bird densities varied slightly among years (X: 
171/km2), but varied widely between locations (Fig. 9) • Sadlerochit 
supported the highest mean number of total birds in 1984 (X=2ll/~2, 
Moitoret et al. 1985), and in 1985 (X=401/km2) was second only to 
Sadlerochit Riparian and Okpilak Flooded habitat for total bird densities 
(Oates et al. 1986b). In contrast, Wet Sedge at Aichilik supported the second 
lowest mean total bird densities (X=96/km2) recorded in any habitat in 1984 
and 1985. 

Mean total nest densities averaged 33.9/km2 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 40 
nests/km2 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, Oates et al. 1986b). Total nest densities at Okpilak in 
1978 (X=45/km2) and at Canning Delta in 1979 (X=59/km2) and 1980 
(X=93/km2, 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 
di versity 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 
locat i ons (Jago-Bitty and Aichilik). Lesser golden-plovers, pectoral 
sandpipers, semipalmated sandpipers, and lapland longspurs were present at all 
locations in varying densities. Stilt sandpipers were observed in low 
densities at all locations 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.lkm2) 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 Ripar i an 
habitat) at Jago Bitty and Sadlerochit in 1985 (Spindler et al. 1984a, Oates 
et al. 1986b). 

Lapland longspurs were the most abundant nesters in Wet Sedge at all 
locations, with an average nesting density of 14.2/km2. 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 habitat during all years. In 1984 and 1985 Sadlerochit supported 
substantially higher numbers of nesting longspurs (X=27 /km2) than Jago Delta 
(X=l7/km2) and Aichilik (X=l0/km2) (Moitoret et al. 1985, Oates et al. 
1986a) • Highest longspur 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=ll.O/km2) and 1980 (X=22.0/km2) 
(Mar tin and Moitoret 1981). 

Pectoral sandpiper was the second most common nesting species with an overall 
average of 8 nests/km2 (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, in 1982 (10.0/km2) 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 
Okpilak of 6/km2. Intermediate nest densities were found at Canning Delta 
in 1979 (X=ll/km2) and 1980 (X=l5/km2) (Martin and Moitoret 1981). 

Wet sedge supported low mean nest densities (X=0.3 to 2.1/km2) 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. l986b). 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, 23% 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 
nest ing 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 
hab itats for foraging. 

Mean total bird density during the post-reproductive season averaged 151 
birds /km2 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, 1983, and 1985, densities 
or nearly all species declined from reproductive to post-reproductive seasons 
at all locations (Fig. 9, Spindler and Miller 1983, Spindler et al. l984a, 
Oates et al. 1986a). However, in 1984 the reverse was true with density 
increases at Aichilik, Sadlerochit, and Jago Delta, as a result of high 
~Umbers of pectoral sandpipers at Sadlerochit, Jago Delta, and Aichilik and 

igh Lapland longspur numbers at Jago Delta and Aichilik (Fig. 11, Moitoret et 
: 1 · 1985). In 1985, use of Wet Sedge by birds at Jago Delta decreased from 

he 1984 high of 398/km2 due to the fluctuations in numbers of pectoral 
sandpi pers and Lapland longspurs. 
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onlY 11% of their observed nests (Fig. 10) and ranked below Moist Sedge-Shrub 
and Riparian habitat during all years. In 1984 and 1985 Sadlerochit supported 
substantially higher numbers of nesting longspurs (X=27 /km2) than Jago Delta 
(X=l7/km2) and Aichilik (X=l0/km2) (Moitoret et al. 1985, Oates et al. 
1986a). Highest longspur 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=ll.O/km2) and 1980 (X=22.0/km2) 

(Martin and Moitoret 1981). 

pectoral sandpiper was the second most common nesting species with an overall 
average of 8 nests/km2 (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, in 1982 (l0.0/km2 ) to highest in 1983 (23.3/km2) to last (no 
nests) in 1985 (Spindler and Miller 1983, Spindler et al. l984a, Oates et al. 
l986b). Spindler (l978a) recorded a fairly low pectoral nest density at 
Okpilak of 6/km2. Intermediate nest densities were found at Canning Delta 
in 1979 (X=ll/km2) and 1980 (X=l5/km2) (Martin and Moitoret 1981). 

Wet sedge supported low mean nest densities (X=O .3 to 2 .l/km2) 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. l984a, Moitoret et 
al. 1985, Oates et al. l986b). 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 l 
short-eared owl nest were found on hummocks in Wet Sedge at Niguanak (Fig. 
10). Of all savannah sparrow nests, 23% 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. 

Mean total bird density during the post-reproductive season averaged 151 
birdsjkm2 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, 1983, and 1985, densities 
of nearly all species declined from reproductive to post-reproductive seasons 
at all locations (Fig. 9, Spindler and Miller 1983, Spindler et al. l984a, 
~ates et al. 1986a). However, in 1984 the reverse was true with density 
ncreases at Aichilik, Sadlerochit, and Jago Delta, as a result of high 
~umbers of pectoral sandpipers at Sadlerochit, Jago Delta, and Aichilik and 
~gh Lapland longspur numbers at Jago Delta and Aichilik (Fig. 11, Moitoret et 

~h · 1985). In 1985, use of Wet Sedge by birds at Jago Delta decreased from 
e 1984 high of 398/km2 due to the fluctuations in numbers of pectoral 

sandpipers and Lapland longspurs. 
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The mean number of species in Wet Sedge also declined during post-reproductive 
eason at most locations in most years to an overall mean of 2.8 

s pecies/0 .lkm2 (Fig. 9). Mean numbers of species observed increased during 
8

0st-reproductive period at Jago Bitty and Katakturuk in 1983 and decreased in i985 (Spindler et al. 1984a, Oates et al. 1986b). 

Although Lapland longspur use and frequency of observation generally 
decreased, their average density (71/km2) remained highest of all species in 
the post-reproductive period (Figs. 10, ll). Although longspur family groups 
were commonly observed early in the season, Wet Sedge ranked sixth or seventh 
overal l among habitats for longspur densities. Density varied by location and 
between years, ranging from 23/km2 at Jago Bitty in 1983 to 180/km2 at 
Jago Delta in 1984 (Fig. 11, Spindler et al. 1984a, Moitoret et al. 1985). 

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. ll, Spindler and Miller 1983, Spindler et al. 
1984a , Oates et al. 1986b). Movements of large flocks of male pectoral 
sandpi pers (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 
spec i es 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 savannah sparrow 
var ied by location and year, but mean densities exceeded 6/km2 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 
pos t-reproductive seasons. Parasitic jaeger use of Wet Sedge (and most 
hab itats) appeared to be related to availability of longspur, shorebird, and 
ptarmigan fledglings for prey (Maher 1974, McWhorter et al. 1986). 

Mosaic Habitat (Type IVa). 

Mosaic 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. 1984a, Moitoret et al. 1985, Oates et al. 1986b). This 
habitat was characterized by diverse microhabitats with a mixture of 
low-center and high-center polygons created by continual ice wedge formation 
and me lting on flat coastal terrain or in drained lake basins (Spindler 1978a, 
M~rtin 1983). Variety and interspersion of microhabitats were among the 
hlghest 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 c"omposed of Shrub-Sedge 

95 .. 



C\~ 

~--, 

,, 
·':t~ 
,:-,.~ 

~ 
~ 

0'-

:;;: 
'<: 

~~ ,, 
~? 

'C( 

''-' 
~ 
~-

-~c;:,R 

WET SEDGE HABITAT 

I PECTORAL SANDPIPER 

REPRODUCTIVE SEASON 

LJ POST REPRODUCTIVE SEASON 

I' 

:: 

c_ ____ __j L__ L_ ____ ____j L_____ ________ _j L ___ ; 

L"1PLA/VO LONG SPUR 

r J 

! -

r 1 

------, 

84 85 
-----
AICH/L/1( 

84 85 84 85 85 
_____ _j L_ ___________ _j ~----__j 

SADLEROCHIT c1LiGO ~DELTA N/GUANAK 

82 83 85 83 85 83 85 
~----------J I L____ ____ , 

OKL-/LAK KATAKTURUK JAG0-8/Tl'Y 

:-:.c 

<"\_ r'• •• 

94 

Th 
mean number of species in Wet Sedge also declined during post-reproductive 

e 1 t · · season at most oca 1ons ln most years to an overall mean of ~2 .8 
species/0 .lkm2 (Fig •. 9). Mean nu.mbers of species observed increased during 
post-reproductive perlod at Jago Bltty and Katakturuk in 1983 and decreased in 
l985 (Spindler et al. 1984a, Oates et al. l986b). 

Although Lapland longspur use and frequency of observation generally 
decreased, their average density (71/km2) remained highest of all sper;i.es in 
the post-reproductive period (Figs. 10, ll). Although longspur family groups 
were commonly observed early in the season, Wet Sedge ranked sixth or seventh 
overall among habitats for longspur densities. Density varied by location and 
between years, ranging from 23/km2 at Jago Bitty in 1983 to l80/km2 at 

Jago Delta in 1984 (Fig. 11, Spindler et al. 1984a, Moitoret et al. 1985). 

Pectoral sandpipers were more variable in their use of Wet Sedge than Lapl~nd 
longspurs, but together the 2 species accounted for major fluctuations in 
total bird densities during post-reproductive season. In 1982, 1983, and 1Q85 
pectoral numbers generally declined in Wet Sedge during post-reproductive 
period at all locations (Fig. ll, 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. l986b). 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 savannah sparrow 
varied by location and year, but mean densities exceeded 6/km2 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) appearec to be related to availability of longspur, shorebird, and 
ptarmigan fledglings for prey (Maher 1974, McWhorter et al. 1986). 

Mosaic Habitat (Type IVa). 

Mosaic 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. 1984a, Moitoret et al. 1985, Oates et al. 1986b). This 
habitat was characterized by diverse microhabitats 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, 
Martin 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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communi ties ( 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/km2 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 198 3 and 1985 (Fig. 2, Spindler et al. 1984a, 
Oates et al. 1986a). 

Mean total nest density in Mosaic habitat was variable between locations and 
years and ranged from 36.0 nests/km2 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 .O/km2 at Okpilak 
j_n 1978 (Spindler 1978a) and 138 .O/km2 at Canning Delta in 1980 (Martin and 
Moitoret 1981). 

Mean number of species (5 .4/0 .1 km) varied little 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, pee toral 
sandpipers, and semi palma ted 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 turns tones 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 mean diversity over all 
years varied from 2.0 (1983) to 3.7 species/0.1 km2 (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 km2) in 1984. 

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/km2. Over 
the years, Mosaic supported the highest relative frequency of observed 
pectoral nests (Fig. 13) and ranked highest among all habitats at Jago Delta 
0984 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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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/km2 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. 1984a, 
Oates et al. 1986a). 

Mean total nest density in Mosaic habitat was variable between locations and 
years and ranged from 36 .Q nests/km2 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 .O/km2 at Okpilak 
in 1978 (Spindler 1978a) and 138 .O/km2 at Canning Delta in 1980 (Martin and 
Moitoret 1981). 

Mean number of species (5 .4/0 .1 km) varied little 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 mean diversity over all 
years varied from 2.0 (1983) to 3.7 species/0.1 km2 (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 km2) in 1984. 

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/km2. 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 , 
with 30% of observed nests and a mean nest density of 7 .5/km2 (Fig. 13) • 
semipalmated sandpipers nested in substantially higher numbers at Sadlerochit 
in 1984 (23.3/km2) and 1985 (16.7/km?) than at Jago Delta (6 . 7 and 3.3 
nests/km2 respectively)(Moitoret et al. 1985, Oates et al. 1986b). Nest 
density at Canning Delta was similar to that at Sadlerochit with 20 .O/km2 
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 .O/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 less abundant nesting species occurred in high relative 
frequencies (Fig. 12, Spindler and Miller 1983, Spindler et al . 1984a; 
Moitoret et al. 1985, Oates et al. 1986a). Oldsquaw nests were found once at 
Sadlerochit (1984) and Jago Delta (1985). In addition, Jago Delta had the 
only rec ords of nesting northern pintails (3 nests) and long-tailed jaegers (1 
nest) in Mosaic habitat. Buff-breasted sandpipers and red phalaropes nested 
at Okpi l ak 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. 1984a, 
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, red polls, 
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 240/km2. The greatest decline was apparent 
in 1984 when densities decreased from 309/km2 to 263/km2 between seasons 
(Moitoret et al. 1985) • Mean total bird density ranged from 209 /km2 in 1985 
to 263/km2 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 longspur 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, 
~nd, in contrast to other locations, increased in the post-reproductive period 

1 
Moitoret et al. 1985, Oates et al. · 1986b) • Pectoral sandpiper density 

J ncreased substantially during post-reproductive season at Okpilak in 1983 , 

0
ago Delta in 1984, and Sadlerochit in 1985 (Fig. 14, Spindler et al. l984a, 
ates et al. l986b). Initial influxes of pectoral sandpipers were largely 

comp · A r1sed of early migrating males. Juvenile flocks moved through later (See 
nnotated Species List). 
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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, 
ith 30% of observed nests and a mean nest density of 7 .5/km2 (Fig. 13). 

~emipalmated sandpipers nested in substantially higher numbers at Sadlerochit 
in 1984 (23.3/km2) and 1985 (16.7/km?) than at Jago Delta (6.7 and 3.3 
nests/km2 respectively)(Moitoret et al. 1985, Oates et al. 1986b). Nest 
density at Canning Delta was similar to that at Sadlerochit with 20 .O/km2 
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 .O/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 less abundant nesting species occurred in high relative 
frequencies (Fig. 12, Spindler and Miller 1983, Spindler et al. 1984a, 
Moitoret et al. 1985, Oates et al. 1986a). Oldsquaw nests were found once at 
Sadlerochit (1984) and Jago Delta (1985). In 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. 1984a, 
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, red polls, 
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 240/km2. The greatest decline was apparent 
in 1984 when densities decreased from 309/km2 to 263/km2 between seasons 
(Moitoret et al. 1985). Mean total bird density ranged from 209/km2 in 1985 
to 263/km2 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 longspur and pectoral sandpiper numbers accounted for 
annual and local fluctuations in total bird densities. Jago Delta supported 
the highest densities of long spurs observed in Mosaic during 1984 and 1985, 
~nd, in contrast to other locations, increased in the post-reproductive period 

1 
Moitoret et al. 1985, Oates et al. · 1986b) • Pectoral sandpiper density 

Jncreased substantially during post-reproductive season at Okpilak in 1983, 

0
ago Delta in 1984, and Sadlerochit in 1985 (Fig. 14, Spindler et al. 1984a, 
ates et al. 1986b). Initial influxes of pectoral sandpipers were largely 
~omprised of early migrating males. Juvenile flocks moved through later (See 
nnotated Species List) • 
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V ried microhabitats of Mosaic habitat provided cover and available ponds for 
r~raging and brood rearing through the post-reproductive period. Early 
igrant flocks of adult and juvenile lesser golden-plovers and long-billed 

~owitchers 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 
40% of all oldsquaws observed after the nesting period were seen in Mosaic at 
Jago Delta (Fig. 13). 

Moist Sedge (Type IV) 

Moist Sedge ranked consistently among the lowest relative to other habitats in 
mean total bi rds (91/km2), mean numbers of species (2 .9/0 .lkm2 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 
assoc i ated with this habitat, but occurred i n low density (60/km2) rel at i ve 
to other habitats (Spindler and Miller 1983, Spindler et al. 1984a, 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 
habitat 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). 

Mean t otal bird densit i es 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 di fferences 
appeared to be the result of a large ingress of pee toral sandpipers and 
Lapland longspurs (resulting in densities of 105/km2 and 173/km2, 
respectively) at Aichilik during the post-reproductive season. Influxes of 
pectorals during the post-reproductive season also occurred in Mo i st Sedge at 
Katak turuk in 1982 (from 2 to ll5/km2) and Jago Bitty i n 1985 (from 4 to 
28/km2) (Spindler and Miller 1983, Oates et al. 1986a). Rock ptarmigan 
moved into Moist Sedge during the post-reproduct ive season i n 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 
471km 2, and from 11 to 72/km2, respectively) and Marsh Creek (from 3 to 
16/km2 , and from 5 to 41/km2, respectively) in 1985. 

~ist Sedge-Shrub (Type V) • 

The Moist Sedge-Shrub habitat type was utilized by several bird species 
~ccurring in moderate to relatively low densities (Fig. 17, Spindler and 

1 i~ler 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates et al. 

1
9 6a) • The average total bird density in Moist Sedge-Shrub was consistently 

Mower than Flooded or Riparian habitat, and comparable to that observed in 

0
°8 aic, Tussock, and Wet Sedge (Fig. 2). However, avian abundances varied 

e o~siderably depending on the year and location of sampling (Fig. 18). The 
i \ ent of polygonization, interspersion of ponds, and density of vegetation 
n luenced shorebird distribution in tundra habitats near Barrow (Myers and 
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i d microhabitats of Mosaic habitat provided cover and available ponds for 
Var :ing and brood rearing through the post-reproductive period. Early 
f~ra ant flocks of adult and juvenile lesser golden-plovers and long-billed 
~ !~tchers were observed at Jago Delta and Okpilak (Fig. 14) • Rock ptarmigan 

0 d northern pintails (adults with young) were observed more frequently during 
anst-reproductive than reproductive season at Sadlerochit and Jago Delta, and 
~~% of all oldsquaws observed after the nesting period were seen in Mosaic at 

Jago Delta (Fig. 13) • 

Moist Sedge (Type IV) 

Moist Sedge ranked consistently among the lowest relative to other habitats in 
mean total birds (91/km2), mean numbers of species (2 .9/0 .lkm2 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 & Rebus (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. 1984a, 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 
habitat 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). 

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/km2, 
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 ll5/km2) and Jago Bitty in 1985 (from 4 to 
28/km2) (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/km

2
) 

(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/km 2 , and from 11 to 72/km2, respectively) and Marsh Creek (from 3 to 
16/km2 , and from 5 to 41/km2, respectively) in 1985. 

Moist Sedge-Shrub (Type V). 

The Moist Sedge-Shrub habitat type was utilized by several bird species 
~ccurring in moderate to relatively low densities (Fig. 17, Spindler and 

1 i~ler 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates et al. 

1
9 6a) · The average total bird density in Moist Sedge-Shrub was consistently 

Mower than Flooded or Riparian habitat, and comparable to that observed in 
osaic, Tussock, and Wet Sedge (Fig. 2). However, avian abundances varied 

considerably depending on the year and location of sampling (Fig. 18). The 
~Xtent of polygoniza tion, interspersion of ponds, and density of vegetation 
nfluenced shGrebird distribution in tundra habitats near Barrow (Myers and 
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MOIST SEDGE 

DENSITY l'feLAIIVt FREOUENCY 

REPRQOI/C[!VE 

PACIFIC L()()'r,/ 
REO-THROATED L(X)N 

TUNDRA S WAN 
BRANT 

NORTHERN PINTAIL 
OLOSOUAW 

WILLOW PTARMIGAN 
ROCK PTARMIGAN 

LESSER GOLDEN-PLOVER 
RUOOY TURNSTONE 

REO-NECKED PHALAROPE 
REO PHALAROPE 

LONG- BILLED OOWI TCHER 
SEMIPALMAT£0 SANDPIPER 

BAIRD'S SANDPIPER 
PECTORAL SANDPIPER 

STILT SANDPIPER 
BUFF-BREASTED SANDPIPER 

POMAR!N£ JAEGER 
PARAS/ TIC JAEGER 

LONG-TAILED JAEGER 
SHORT-EARED OWL 

YELLOW WAGTAIL 
REDPOlL 

:t so. 0 10 20 30 40 50 60 ·- -- . 

I I I I I I j I I I I "' . Rn 90 100 

SAVANNAH SPARROW 2 .4:! 6 .0 
AMERICAN TREE SPARROW ~ 

LAPLAND LONGSPUR 59.5:! 22.2p====s ~::::::::::;·f------------------

PQST-RE?ROOUCTIVE 

PACIFIC LOON 
R£0-THROATED LOON 

TUNDRA SWAN 
BRANT 

NORTHERN PINTAIL 0.2:! 0.5 
OLOSOUAW 

WILLOW PTARMIGAN 
ROCK PTARMIGAN 

LESSER GOLDEN-PLOVER 
RUDDY TURNSTONE 

REO-NECKED PHALAROPE 0.2:! 0.5 
RED PHALAROPE 

LONG-BILLED DOWITCHER 0.2:! 0 .$ 
SEMIPALMATED SANDPIPER 

BAIRD's SANDPIPER 
PECTORAL SANDPIPER 25.7 :! 29.1 

STILT SANDPIPER 
BUFF-BREASTED SANDPIPER 0. ~:! 1.0 

POMARINE JAEGER 
PARAS/ TIC JAEGER 

LONG-TAILED JAEGER 
SHORT -EARED OWL 

YELLOW WAGTAIL 

2 .0:!3.9 
3.3:! 2.9 
0 .8:! 2 .0 

REDPOLL 1.5:! 4 .5 
SAVANNAH SPARROW 1.8:! 4 .1 

AMERICAN TREE SPARROW 
LAPLAND LONGSPUR 6aO :! 52.6 
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MOIST SEDGE- SHRUB 

DENSITY .. ___ ._ ....... 
REPRO()UCTIVE 

• ,, u 10 20 30 40 50 60 70 80 90 100 I I I I l I~ 
PACIFIC LOON 

REO-THROATED LOON 
TUNDRA SWAN 

BRANT 
IVORTHERN PINTAIL 

OLOSOVAW 
WILLOW PTARMIGAN 

ROCK PTARMIGAN 
LESSER GOLDEN-PLOVER 

RUDDY TURNSTONE 
RED-NECKED PHALAROPE 

REO PHALAROPE 
LONG-BILLED DOW! TCHER 

SEMIPALMAT£0 SANOP!PER 
BAIRD's SANDPIPER 

PECTORAL SANDPIPER 
STILT SANDPIPER 

BUFF-BREASTED SANDPIPER 
POMARIN£ JAEGER 
PARAS! TIC JAEGER 

LONG-TAILED JAEGER 
SHORT -EARED OWL 

YELLOW WAGTAIL 
REDPOLL 

SAVANNAH SPARROW 
AMERICAN TREE SPARROW 

LAPLAND LONGSPUR 116.0:! 36.6 

POST-REPRODUCTIVE 

PACIFIC LOON 
REO-THROATED LOON 

TUNDRA SWAN 
BRANT 

NORTHERN PINTAIL 0.7:! 1.7 
OLDSOUAW 

WILLOW PTARMIGAN 25. 1 ;! 33.1 
ROCK PTARMIGAN 8.4 :t 14.0 

LESSER GOLDEN-PLOVER 7.7 :! 9 . 4 
RUDDY TURNSTONE 

RED-NECKED PHALAROf£ 0 .5 ,Z I./ 
RED PHALAROPE 

LONG-BILLED DOWITCHER 1.0:! I. 7 
SEMIPALMATED SANDPIPER 0.5 ,Z 1.5 

BAIRD's SANDPIPER 
PECTORAL SANDPIPER 

STILT SANDPIPER 
BUFF -BREASTED SANDPIPER 

POMARINE JAEGER 
PARASITIC JAEGER 

LONG- TAILED JAEGER 
SHORT-EARED OWL 

YELWW WAGTAIL 
REDPOLL 

41.2:!46,/ 
0.6:! 1. 6 
0.5:! 1.5 
2 .8:! 4.8 
1.9 :! 3 .0 
2.7:! 2.7 
1.3 :!3. 6 

tiZEITJ?JI FREQUENCY 

DENSITY OF BIROS 

SAVANNAH SPARROW 1.8:!: ~.1 . I 
AMERICAN TREE SPARROW 

LAPLAND LONGSPUR 139.9:!: 65.5 g . ..j .J )loo 
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BUFF-BREASTED SANDPIPER 0.6 :t 1. 6 

POMAR!NE JAEGER 
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LONG-TAILED JAEGER 0.2;! 1.0 
SHORT-EAR£[) Oi+'L 0. 2 :t 1.0 
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MOIST SEOGE-SHRUB 

DENSITY 
. ·----·· ..... 

RE?RO[)UCTIVE 
•>v. 0 10 20 30 40 50 60 70 80 90 100 I l I I I I ----r-

PACIFIC UX:W 
REO-THROATED LOON 

TUNDRA SWAN 
BRANT 

NORTHERN PINTAIL 
OLDSOUAW 

WILLOW PTARMIGAN 
RXK PTARMIGAN 

LESSER GOLDEN-PLOVER 
RUODY TURNSTONE 

RED-NECKED PHALAROPE 
REO PHALAROPE 

LONG-BtLL£0 DOWITCHER 
SEMIPALMAT£0 SANOP!PER 

BAIRD's SANDPIPER 
PECTORAL SANDPIPER 

STILT SANDPIPER 
BUFF-BREASTED SANDPIPER 

POMAR!NE JAEGER 
PARASITIC JAEGER 

LONG- TAILED JAEGER 
SHORT-EARED OWL 

YELLOW WAGTAIL 
REDPOLL 

SAVANNAH SPARROW 
AMERICAN TREE SPARROW 

LAPLAND LONGSPUR 

PQST-REPROOOC[IVE 

PACIFIC LOON 
REO-THROATED LOON 

TUNDRA SWAN 
BRANT 

NORTHERN PINTAIL 0 .7 ~ / ,7 
OLOSOUAW 

WILLOW PTARMIGAN 2 .5.1 .:! JJ./ 
ROCK PTARMIGAN 8 .4.:! 14.0 

LESSER GOLDEN-PLOVER 7.7.:! 9 .4 
RUOOY TURNSTONE 

RED-NECKED PHALAROPE 0. 5.:! I . / 
REO PHALAROPE 

LONG-BILLED DOWITCHER 1.0 :! I. 7 
SEMIPALMATEO SANDPIPER 0.5 :! I. 5 

BAIRO's SANDPIPER 
PECTORAL SANDPIPER 

STILT SANDPIPER 
BUFF -BREASTED SANOP!PER 

POMARINE JAEGER 
PARASITIC JAEGER 

LONG- TAILED JAEGER 
SHORT -EARED OWL 

YELLOW WAGTAIL 
REDPOLL 

4 1. 2 :!46.1 
0 .6:! 1. 6 
0 .5:! 1. 5 
2 .8:! 4 .8 
1.9:!3. 0 
2 .7 :!2. ? 
1.3 :!3. 6 

!'Elll[ITIT?l FREQUENCY 

DENSITY OF BIROS 

SAVANNAH SPARROW 1.8 ~ 4.1 I 
AMERICAN TREE SPARROW 

LAPLAND LONGSPOR IJ9.9~ 6 5.5 g . r :: .. :: ·J )o 

I I I I I I o m ~ 30 w ~ w ~ 

.tKSli 
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R£0-THROATED LCXJN 
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BRANT 
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ROCK PTARMIGAN 
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RUOOY TURNSTONE 

0.7 :! 1.7 
0 .4:! 2 .1 
1.7:! 3 . 2 
0.7 :! 2 .3 
1.3 :!2.7 

RED-NECKED PIIALAROPE 0.9:! 2 .5 
RED PHALAROPE 

LONG· BILLED DOWITCHER 
SEMIPALMATED SANDPIPER 5 .1 :! 8. 7 

BAIRD's SANDPIPER 
PECTORAL SANDPIPER 8 .3:! 12 .1 

STILT SANDPIPER 
BUFF-BREASTED SANDPfP£R 0.6:! 1. 6 

POMARINE JAEGER 
PARAS I TIC JAEGER 

LONG-TAILED JAEGER 0.2:! 1.0 
SHORT· EARED OWL 0 .2:! 1. 0 

YELLOW WAGTAIL 
REDPOlL 

SAVANNAH SPARROW 1. 0:! 2 .5 
AMERICAN TREE SPARROW 

LAPLAND LONGSPUR 24.1 :! 14 .7 

0 

90 100 
~"'~ OENSITY/KM2 

0 10 2 0 3 0 40 5 0 60 TO 8 0 9 0 100 
j I I I j I I I I 

r :;;;r 
::::::::::::::: 

~ 

.., 

2 3 4 5 6 

NEST OENSITY /KM2 
7 8 9 10 

FIG. 17 . 
RELATIVE FREQL£NCJES• AND rEAN llENSITIEs/KM

2 
OF SELECTED SPECIES OF BIRDS AND TI£1R t£STS OOSERVED IN f'DIST SeooE-SiflUB HABITAT DllliNG Tl£ 

REPRODU:TIVE ANil POST-REPROOU:TIVE ~s c:w Pilcr1c NATIONAL WIL!l.IFE REFLOSE, ALAsKA, 1982-1985. 
FREWENCIES I£RE WEIGHTED TO PCCWNT Fal DIFFERENTIAL SAI'I'LING INTENSITIES AI'OOG HABITATS ANil LOCATIC:WS <TABlE 3) • 
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Pi telka 1980) . These 3 environmental parameters varied considerably within 
Moist Sedge-Shrub, which likely influenced avian compositions and densities 
(Spindler and Miller 1983, Spindler et al. l984a, Moitoret et al. 1985, Oates 
et al. l986b). 

A'rerage total bird density during the reproductive season ranged from 
L02/km2 at Katakturuk in 1983 to 424/km2 at Aichilik in 1984 (Fig. 18, 
Spindler et al. l984a, Moitoret et al. 1985). Species composition was similar 
to that observed in Tussock habitat. In 1985, total nest density in Moist 
Sedge-Shrub habitat averaged 47 /km2, slightly less than Riparian or Flooded 
(Oates et al. l986b). Lapland longspurs, pectoral sandpipers, and 
semj_palmated sandpipers were the most common species nesting in Moist 
'"',3dgc0'-Shrub habitat (Fig. 17) • The composition of nesting species was also 

:L:ni 1 ar to that observed in Tussock habitat. 

:Gurir:g the reproductive season, Lapland longspurs were the primary occupants 
of r·1oist Sedge-Shrub habitat. Longspurs comprised 45-73% of the total birds 
recorded in this habitat across the 8 locations sampled. Lapland nest density 
avei'aged 23 .9/km2, the highest among all habitats in 1985 (Oates et al. 
i986b) . 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/km2 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 l/km2 at Marsh Creek 
to 62/km2 at Aichilik, while average coastal densities ranged between 
l5/km2 and 4l/km2 at Jago Delta and Sadlerochit, respectively. 
Semipalmated sandpiper abundance in Moist Sedge-Shrub habitat varied 
extensively across locations. Mean densities during the reproductive season 
were highest at Sadlerochit (32/km2) and Jago Bitty (2l/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. l984a, Moitoret et al. 1985, 
Oates et al. l986b) • During 1985, semipalmated nest density was highest in 
Moist Sedge-Shrub at Sadlerochit (23 .3/km2), followed by Jago Bitty 
(l3.3/km2) • 

Red-necked phalaropes and lesser golden-plovers were relatively uncommon in 
Moist Sedge-Shrub, except at Aichilik where reproductive season densities 
averaged l3/km2 and 12/km2, respectively. Interestingly, in 1982 at 
Okpilak, red-necked phalarope density averaged 28 /km2, but dropped to 
l/km2 in 1983, and to zero in 1985 (Spindler and Miller 1983, Spindler et 
al. l984a, Oates et al. l986b). The late spring thaw in 1982 kept lakes and 
ponds unavailable for a longer period, which may have necessitated 
early-season exploitation of small, available water bodies in the more upland 
habi tFtt.<:t. 

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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Pitelka 1980) • These 3 environmental parameters varied considerably with in 
Moist Sedge-Shrub, which likely influenced avian compositions and densities 
(Spindler and Miller 1983, Spindler et al. 1984a, Moitoret et al. 1985, Oates 
et al. 1986b). 

Average total bird density during the reproductive season ranged from 
102/km2 at Katakturuk in 1983 to 424/km2 at Aichilik in 1984 (Fig. 18, 
Spindler et al. 1984a, Moitoret et al. 1985). Species composition was similar 
to that observed in Tussock habitat. In 1985, total nest density in Moist 
Sedge-Shrub habitat averaged 47 /km2, slightly less than Riparian or Flooded 
(Oates et al. 1986b). Lapland longspurs, pectoral sandpipers, and 
semipalmated sandpipers were the most common species nesting in Moist 
Sedge-Shrub habitat (Fig. 17) • The composition of nesting species was also 
similar to that observed in Tussock habitat. 

During 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/km2 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 l/km2 at Marsh Creek 
to 62/km2 at Aichilik, while average coastal densities ranged between 
15/km2 and 41/km2 at Jago Delta and Sadlerochit, respectively . 
Semipalmated sandpiper abundance in Moist Sedge-Shrub habitat varied 
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 Sedge-Shrub at Sadlerochit (23 .3/km2), followed by Jago Bitty 
( 13 .3/km2) • 

Red-necked phalaropes and lesser golden-plovers were relatively uncommon in 
Moist Sedge-Shrub, except at Aichilik where reproductive season densities 
averaged l3/km2 and 12/km2, respectively. Interestingly, in 1982 at 
Okpilak, red-necked phalarope density averaged 28/km2, but dropped to 
l/km2 in 1983, and to zero in 1985 (Spindler and Miller 1983, Spindler et 
al. l984a, 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, available water bodies in the more upland 
habitats. 

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 densities 
(less than 2/km2) at only a few locations. Pectoral sandpiper density 
increased greatly at Aichilik during the post-reproductive season, averaffing 
l95/km2 in 1984 (Moitoret et al. 198'5, Oates et al. l986b) and 104/km in 
1985. Seasonal changes in Lapland longspur densities were highly variable and 
displayed no apparent trends. Willow ptarmigan increased substantially during 
the post-reproductive season period of 1985 (Fig. 19), largely due to the 
recruitment of juveniles 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/km2 reproductive and 
40/km2 post-reproductive, Fig. 19). 

Tussock (Type VI) 

Tussock habitat was intermediate to low relative to other habitats in mean 
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 /km2 
:=:tt Jago Bitty in 1983 to 259/km2 at Aichilik in 1984 (Fig. 20, Spindler et 
al. l984a, Moitoret et al. 1985). The mean for all locations and years was 
153 birds/km2 and an average of 4 .3 species/0 .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 
season and average densities of 8/km2, ll/km2, and l/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/km2 respectively) were most 
common in Tussock habitat and willow ptarmigan nests were most common in 
Tussock (l.7nests/km2) and Moist Sedge-Shrub (1.7nests/km2) (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/km2 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 
dur•i_ng the reproductive season with a 4-year average of 92 birds /km2 and 
19.3 nests/km2 (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. 

Pector-al sandpipers were tne tnird most common species nesting on Tussock 
plots. 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 
sta~as). Highest nesting densities of pectoral sandpipers in Tussock habitat 
wece r'ecorded at Aichi1ik in 1985 (10 nests/km2, Oates et al. 1986b), 1..,rhere 
high nesting densities were also recorded in Moist-Sedge Shrub (20/km 2 ) • 
'1Pan density of semipalmated sandpiper nests was 1.1 nests/km2, which 
cepJ'esented less than 5% of the 4 year mean (Fig. 21). Savannah sparrows (0.5 
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Red-necked phalaropes and semipalmated sandpipers occurred in low densities 
(less than 2/km2) at only a few locations. Pectoral sandpiper densi ty 
increased greatly at Aichilik during the post-reproductive season, averaging 
195/km2 in 1984 (Moitoret et al. 1985, Oates et al. 1986b) and 104/km2 in 
1985. Seasonal changes in Lapland longspur densities were highly variable anct 
displayed no apparent trends. Willow ptarmigan increased substantially during 
the post-reproductive season period of 1985 (Fig. 19), largely due to the 
recruitment of juveniles and influxes of family groups. The largest mean 
densi ty of rock ptarmigan in Moist Sedge-Shrub habitat was recorded at 
Sadlerochit atop the more xeric river bluffs (32/km2 reproductive and 
40/km2 post-reproductive, Fig. 19). 

Tussock (Type VI) 

Tussock habitat was intermediate to low relative to other habitats in mean 
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/km2 
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/km2 and an average of 4 .3 species/0 .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 
shor t-eared owls were seen most often on Tussock plots during the reproductive 
season and average densities of 8;km2, ll/km2, and l/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/km2 respectively) were mos t 
common in Tussock habitat and willow ptarmigan nests were most common in 
Tussock (l.7nests/km2) and Moist Sedge-Shrub (l.7nests/km2) (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. Pin tails and red-necked phalaropes 
nested in low densities (0 .3 nests/km2 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 4-year average of 92 birds/km2 and 
19.3 nests/km2 (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 
di verse habitats. 

Pectoral sandpipers were the third most common species nesting on Tussock 
plots. 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 recorded at Aichilik in 1985 (10 nests/km2, Oates et al. 1986b), where 
high nesting densities were also recorded in Moist-Sedge Shrub (20/km2) . 
Mean density of semipalmated sandpiper nests was 1.1 nests/km2, which 
represented less than 5% of the 4 year mean (Fig. 21). Savannah sparrows (0.5 
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nests /km2), long tailed jaegers (0.3 nests/km2) and 19% of short-eared 
owls (0.3 nests/km2) also nested in Tussock habitat (Fig. 21). 

use 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 
habitats had the lowest mean total densities and the lowest mean numbers of 
species (Figs. 21 and 16). Willow ptarmigan, rock ptarmigan, and pectoral 
sandp ipers were the only species which had higher average post-reproductive 
densi ties (22/km2, 22/km2, and 13/km2, respectively). Tussock ranked 
among the lowest habitats in lesser golden-plover density (5/km2) during the 
post-reproductive period. Pomarine and parasitic jaegers declined to very low 
dens ities. Non-breeding pomarines were primarily June migrants and parasitic 
Jaegers probably moved into habitats with more avian prey. Densities of 
long- tailed jaegers and short-eared owls, which primarily consumed rodents 
(Mahe r 1974), declined less than densities of parasitic jaegers (Spindler and 
Miller 1983, Spindler et al. 1984, Moitoret et al. 1985, Oates et al. 1986b). 
Lapland longspurs continued to be the most common bird in Tussock habitat 
during the post-reproductive season and declined from 92 to 72/km2 (Fig. 21). 

Sources of Variability 

Habi tat 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, Klopfer 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 
rand om locations across the coastal plain. Many bird species have adopted 
exploitation strategies involving more than 1 habitat type (MacArthur 1964, 
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. 

Physi ognomic components within a given Landsat habitat type, such as 
shrubiness, 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 
Delta ; 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 classification, 
nevertheless, they probably influenced avian habitat use. 

Despite coarse resolution, the modified Landsat habitat types accounted for 
~ignif ~cant amounts of avian variation more often than any other factor 
nvest1gated. However, in most analyses, the habitat effect interacted with 1 

or more additional factors, revealing that the influence of Landsat habitat on 
avian distribution was often dependent on the season, the location under 
con ·d 8 1 eration, and/or the year of sampling. 
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nests/km2), long tailed jaegers (0 .3 nests/km2) and 19~ of '3hort-earecl 
owls (0 .3 nests/km2) also nested in Tussock habitat (Fig. 21). 

use of Tussock habitat generally declined from reproductive to post
reproductive seasons for most species (Spindler and Miller 1983, Spindler et 
al. l984a, Moitoret et al. 1985, Oates et al. 1986b). Tussock and Moist Se~ge 
habitats had the lowest mean total densities and the lowest mean numbers of" 
species (Figs. 21 and 16). Willow ptarmigan, rock ptarmigan, and pectcr·al 
sandpipers were the only species which had higher average post-reproductive 
densities (22/km2, 22/km2, and 13/km2, respectively). Tussock ranked 
among the lowest habitats in lesser golden-plover density (S/km2) during +:f1e 
post-reproductive period. Pomarine and parasitic jaegers declined to very low 
densities. Non-breeding pomarines were primarily June migrants and parasHic 
jaegers probably moved into habitats with more avian prey. Densities of 
long-tailed jaegers and short-eared owls, which primarily consumed rodents 
(Maher 1974), declined less than densities of parasitic jaegers ( Spi'ld1 er and 
Miller 1983, Spindler et al. 1984, Moitoret et al. 1985, Oates et al. 198Gb'. 
Lapland longspurs continued to be the most common bird in Tussock hab tat 
during the post-reproductive season and declined from 92 to 72/km2 (Fig. 21 . 

Sources of Variability 

Habitat characteristics, particularly plant species composition and ve,l!etativs 
structure, have been repeatedly correlated with patterns of avian distribut~an 
(Shugart 1981) . A habitat's physignomy may provide proximal factors in the 
necessary cues to search images that guide avian habitat selection (Hi -:den 
1965, Klopfer 1965). In turn, such a mechanism yields ultimate factors '1S 

food, nest sites, and protection from predators (Hilden lQ65, Balda lQ75). 

The 8 bird camps were established in areas that had high degrees of t-,abitat 
interspersion to facilitate sampling of several habitat types. Th11s, 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 l habitat type (MacArthur 1Qfi4, 
Anderson 1980) . Sampling in areas with high habitat diversity may have 
generated avian densities and/or species compositions different from t~osc 
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 
shrubiness, 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 
Delta; 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 nlassification. 
nevertheless, they probably influenced avian habitat use. 

D~sPite coarse resolution, the modified Landsat habitat types accounted for 
~ gnificant amounts of avian variation more often than any other factor 
nvestigated. However, in most analyses, the habitat effect interacted with l 

or.more additional factors, revealing that the influence of Landsat habitat on 
avlan distribution was often dependent on the season, the location under 
consideration, 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. 
l984a, Moitoret et al. 1985). 

Seasonal differences often varied across habitats. For example, Lapland 
longspur density increased in Riparian and Moist Sedge-Shrub habitats and 
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 major groups of 
locations: inland locations, 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 rFig 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 locations 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: l) 
avian habitat use was determined by the presence of "fine-grained" 
environmental features which varied within habitats at different locations, 
but were not delineated by the Landsat classification; 2) different segments 
of a species' population (post-breeding males, incubating females, 
non-breeding juveniles) 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 4) 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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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 i n 
1982, 1983, and 1984 (Table 4, Spindler and Miller 1983, Spindler et al . 
l984a, Moitoret et al. 1985). 

Seasonal differences often varied across habitats. For example, Lapland 
longspur density increased in Riparian and Moist Sedge-Shrub habitats and 
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 t o 
locations that had common habitats, which resulted in 3 major groups of 
locations: inland locations, coastal locations, and coastal and inland 
locations with wetlands. Difference among sampling locat i ons 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 locations 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: l ) 
avian habitat use was determined by the presence of "fine-grained" 
environmental features which varied within habitats at different locations, 
but were not delineated by the Landsat classification; 2) different segment s 
of a species' population (post-breeding males, incubating females, 
non-breeding juveniles) 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 4) 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 f or 
brood rearing). 
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Because of differences in sampling frequencies across years, analyses of 
annual variation were conducted on the most consistent data set: censuses 2-5 
of the reproductive season. In addition, tests of annual variation we~e 
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 success 
or causing shifts in breeding habitat or location; 2) variable conditions at 
wintering areas or along migration routes resulting in differential 
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) environmental 
perturbations causing alternations in habitat quality; 6) variations in 
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. l984a, 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 flue tuat ions 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 characteristics (such as 
shrubiness, pondiness, and micro-relief), the effects of annual and seasonal 
changes in water levels on habitat use, 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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Because of differences in sampling frequencies across years, analyses or 
annual variation were conducted on the most consistent data set: censuses 2-5 
of the reproductive season. In 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 or 
variation could cause pat terns of avian distribution to differ between years: 
1) unusual weather during the breeding season affecting reproductive success 
or causing shifts in breeding habitat or location; 2) variable conditions at 
wintering areas or along migration routes resulting in differential 
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) environmental 
perturbations causing alternations in habitat quality; 6) variations in 
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, usi ng passerine or shorebird densities as indicators of impac ts 
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 characteristics (such as 
shrubiness, pondiness, and micro-relief), the effects of annual and seasonal 
changes in water levels on habitat use, 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 t he 
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 
SA.dge-·Shrub and Tussock) and coastal wet tundra (Wet Sedge and Mosaic) were 
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 to 
early September (see Annotated Species List). Brant migrating westward along 
the Beaufort Sea coast during fall frequently stopped to feed in Saline Wet 
Sedge. 

Pint'"; ls molted in 'basin-complex', 'deep Arctophila', 'shallow Arc top hila', 
'shal10w-2arex', and 'beaded stream' wetland types (Bergman et al. 1977, 
Spindler· l978a, Martin and Moitoret 1981). Oldsquaw molted in 'deep-open 
lakes' on the coastal plain (Martin and Moitoret 1981, Taylor 1986), which are 
included i~ 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 
ra"IA.n, redpoll, =md AmArican dipper. Habitat use during the winter by these 
species is not well known (See Annotated Species List). 

Bird Use of Shoreline Habitats 

Birds use shoreline habitats in seasonal and spatial patterns. Shoreline 
r,a''i+:':tts wi:':-hin the ANWR study area include the littoral and estuarine zones 
of ri Ve~··s and mudflats as well as shorelines of barrier islands and the 
main"an~. Prior to the intense period of coastal-oriented bird research 
conckct.ed for +:he Environm<mtal Assessment of the Alaskan Continental Shelf, 
19;-r.-2: l, little was known of post-breeding activities, which may involve 
high de;r:s it ies of waterbirds, waterfowl, shorebirds, gulls, and terns using 
estuarine, shoreline, lagoon, and offshore waters. 

In 1976, breeding bird use of barrier islands on ANWR was surveyed (Divoky 
l978a) as was seasonal dens:I ty 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 ( l978a) 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 l.l 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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Table 5. in shoreline habitats of Bird species found nesting 
National Wildlife Hefuge, 
1976--Divoky (l978a); 1980--Martin 

the Arctic 
Sour·ces: 

Species 

1976 
Barrier islands 

Brownlow to Demarcation 
Nests/ 

Alaska, 1976 anu 1980. 
and Mo1teret (l9dll. 

1980 
barrier islands 

Canning Hiver aelta 
Nests/ 

All shoreline 
Canning River ael~cl 

Nests/ 
No. of Linear km No. of Linear km No. of Linear km 
nests shoreline nests shoreline nests shorclln~ 

Tundra swan 
Brant 
Northern pintail 
Oldsquaw 
Common eider 
Ruddy turnstone 
Baird's sandpiper 
Glaucous gull 
Arctic tern 
Black guillemot 
Snow bunting 
Totals 

2 

18 
21 

l 

113 
7 
l 

163 
Total km sampled 105.5 
Frequency Sampling once/year 

0.02 

0.17 
0.20 

0.01 
1.07 
0.07 
0.01 

1.55 

l 0.08 
2 0.15 

10 o. 77 

6 0.46 

9 0.69 
l 0.08 
Pra 
- --

29 2.23 
13.0 

every 4 days 

aPr= present and probably nesting but no nests found. 

2 0.07 

l 0.04 
3 O.l.l 
6 ().22 
5 u. "-3 
3 0 .ll 
l 0.04 
9 0.33 
l 0.04 
Pra 
- --
31 1.13 
27.5 

every 4 days 

Nests/lineal km of shoreline can be used as an index for general comparisons 
(Table 5), but nests of some species are not evenly distributee 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 l978a, 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 Resiaents, Transients, and Migrants 

Following the nesting season, some shorebirds and waterfowl move coastally to 
Wetter tundra habitats (Myers and Pi telka 1980) and arctic littoral habitats 
(Connors et al. 1979, l'-1artin ana 1'-loi toret 1981). An increase in total bird 
use of all shoreline areas on the Canning River aelta was obvio~s in mid-July, 
and was composed mostly of olasquaw ana shorebiras (Fig. 26). Overall numbers 
of oldsquaw and shorebirds rougf1ly doubled or tr lpl~d bet1.;eu; oarly summer and 
the Period mid-July to early September, corresponding to the onset of molt in 
~l~squaw, and the post-breeding, staging, and fall migration of shorebiras. 
hlle shorebird use of shorelines declined steadily in August as emigration 
o~curred (with the exception of a pulse in early September from a sanderling 
mlgration), olasquaw use remained high througf1 early September. Passerine use 
~~ Shoreline areas increased from late July through August as Lhe young 

edged (Martin and Moitoret 1981). 
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began during the latter half of August and extended into the latter half 
September (see Annotated Species List). Both upland foothill tundra (Moist 
.S'3dge-Shrub and Tussock) and coastal wet tundra (Wet Sedge and Mosaic) were 
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 to 
early September (see Annotated Species List) • Brant migrating westward along 
the Beaufort Sea coast during fall frequently stopped to feed in Saline Wet 
Sedge. 

Pinta i ls molted in 
1 
basin-complex', 1 deep Arctophila 1 , 1 shallow Arctophilar 

' 'shallow-Carex 
1

, and 'beaded stream' wetland types (Bergman et al. 1977, 
Spindler l978a, Martin and Moitoret 1981). Oldsquaw molted in 'deep-open 
lakes' on the coastal plain (Martin and Moitoret 1981, Taylor 1986), which a~ 
included in the water and Flooded Landsat habitat types. 

Winter 

Only 7 speeies of birds are knovm to winter (or probably winter) on the ANWR 
study area: gyrfalcon, rock ptarmigan, willow ptarmigan, snowy owl, common 
ra'rsn, redpoll, -'lnd Amecrican dipper. Habitat use during the winter by these 
species is not well known (See Annotated Species List). 

Bird Use of Shoreline Habitats 

Birds use shoreline habitats in seasonal and spatial patterns. Shoreline 
rab-L t'lts wi :nin the ANWR study area include the littoral and estuarine zones 
of rivers and mudflats as well as shorelines of barrier islands and the 
mainlan~. Prior to the intense period of coastal-oriented bird research 
conducted for the Environmental Assessment of the Alaskan Continental Shelf, 
l97S-JQ8l. little was known of post-breeding activities, which may involve 
high densities of waterbirds, waterfowl, shorebirds, gulls, and terns using 
estuarine, shoreline, lagoon, and offshore waters. 

In 1976, breeding bird use of barrier islands on ANWR was surveyed (Divoky 
l978a) as was seasonal density of birds using spits and barrier islands at 
Barter Island (Divoky and Good 197g). 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 0981) 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 0977, 1978, and 1981) and Connors et aL ( 1979) . 

Nesting Species 

A total of 12 species have been found breeding in shoreline habitats on AN~ 
(Table 5). Glaucous gull, common eider, and arctic tern were the most common 
nesters. Divoky

1
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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species found nesting 
Wildlife Refuge, 

Bird 
National 
1976--Divoky 

in shoreline habitats of the Arctic 
table 5. Alaska, 1976 ana 1980. Sour'ces: 

(l978a); 1980--Martin ana l'!olter~et (l:JClj. 

--- 1976 1980 
barrier islanas barrier islands 

SpecieS 
Brownlow to Demarcation Canning River aelt~ 

All shorei_ine 
Cc~nning Hi vef' df:l r.a 

Nest:s/ Nests/ Nests/ 
No. of Linear km No. of Linear km No. of Linear km 
nests shoreline nests shoreline nests shorellG~ 

-
Tundra swan 
Brant 
Northern pinLail 
Qldsquaw 
common eider 
Ruddy turnstone 
Baird's sandpiper 

2 

18 
21 

l 

Glaucous gull 113 
Arctic tern 7 
Black guillemot l 
Snow bunting ____ _ 
Totals 163 

0.02 

0.17 
0.20 

0.01 
1.07 
0.07 
0.01 

1.55 
Total km sampled 105.5 
Frequency Sampling once/year 

l 0.08 
2 0.15 

10 0.77 

6 0.46 

9 0.69 
l 0.08 
Pra --

29 2.23 
13.0 

every 4 days 

apr= present and probably nesting but no nests found. 

2 0.07 

l 0.04 
3 0 ,l.L 
6 0.22 
5 u.d 
3 0 .ll 
l 0.04 
9 0.33 
l 0.04 
Pra - ---
31 1.13 
27.5 

every 4 days 

Nests/lineal ktn of shoreline can be usea as an index for general comparisons 
(Table 5), but nests of some species are not evenly distributed and occur in 
colonies. Common eider ana arctic tern were frequently founa 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 l978a, Martin ana Moitoret 1981, Levison 1980, M. Spindler pers. 
com.). For some species (notably common eider, glaucous gull, arctic tern, 
and black guillemot), barrier islanas 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 ana waterfowl move coastally to 
wetter tundra habitats (Myers and Pi telka 1980) and arctic llt toral habitats 
(Connors et al. 1979, Hartin ana rv;oitoret 1981). An increase in total b.ird 
use of all shoreline areas on the Canning River aelta was obvious in mid-July, 
and was composed mostly of olasquaw and shorebiras (Fig. 26). Overall numbers 
of Oldsquaw and shorebirds roughly doubled or trlpled betHeen e~1rly summer and 
the Period mid-July to early September, corresponding to the onset of molt in 
~l~squaw, and the post-breeding, staging, and fall migration of shorebirds. 
hlle shorebird use of shorelines declined steadily in August as emigration 
o~curred (with the exception of a pulse in early September from a sanderling 
mlgration), olasquaw use remained high through early September. Passerine use 
~~ shoreline areas increased from late July through August as the young 

edged (Hartin and Hoitoret 1981). 
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Table 6. Presence/absence of bird species on shoreline transects by date, Canning River Delta, 1980. 

Yellow-billed Loon 
Arctic Loon 
Red-throated Loon 
(unidentified loon) 
Whistling Swan 
Canada Goose 
Brant 
M.ite-fronted Goose 
Snow Goose 
(unidentified goose) 
Mallard 
Gadwall 
Pintail 
Green-winged Teal 
Shoveler 
American Wigeon 
Greater Scaup 
Oldsquaw 
Common Eider 
King Eider 
(unidentified eider) 
White-winged Scoter 
Surf Scoter 
Black Scoter 
(unidentified scoter) 
Red-breasted Merganser 
(unidentified duck) 
(unidentified waterfowl) 
Gyrfalcon 
Peregrine Falcon 
Rock Ptarmigan 
Willow ·Ptarmigan 
(unidentified ptarmigan) 
Golden Plover 
Black-bellied Plover 
Ruddy Turnstone 

Pectoral Sandpiper 
Red Knot 
White-rumped Sandpiper 
Baird's Sandpiper 
Dun lin 
Long-billed Dowitcher 
Stilt Sandpiper 
Western Sandpiper 
Semipalmated Sandpiper 
(Baird's/Semi/W-r Sandpiper) 
Buff-breasted Sandpiper 
Bar-tailed Godwit 
Sanderling 
Red Phalarope 
Northern Phalarope 
(unidentified phalarope) 
(unid. small shorebird) 
(unid. medium shorebird) 
(unid. large shorebird) 
Pomarine Jaeger 
Parasitic Jaeger 
Long-tailed Jaeger 
(unidentified jaeger) 
Glaucous Gull 
Sabine's Gull 
Black-legged Kittiwake 
Arctic Tern 
Black Guillemot 
Snowy Owl 
Short-eared Owl 
Common Raven 
Empidonax sp. 
Redpoll 
White-throated Sparrow 
Lapland Longspur 
Snow Bunting 

O=species not observed e=species observed flying only ~·species observed on shore or water only 
l=species observed both on shore or water AND flying Source: Martin and Moitoret (1981). 



A total of 59 species was documented using the shoreline transects on the 
ranning River delta in 1980 from June to September (Table 6). "Some species 
suc~h as loons, oldsquaw, pintail, glaucous gull, arctic tern, parasitt~ 
jaeger, lapland longspur, and snow bunting were seen nearly constantly 
throughout the summer. Others, such as eiders, ruddy turnstone 

I golden-plover, and Baird's and semi palma ted sandpipers, disappeared only at 
summer's end. Some birds, such as the seaters, geese, black-bellied plovel" 

' sanderling, and other shorebird species appeared only during specific 
migration periods. Phalaropes, dunlin, pectoral sandpiper, long-tailed 
jaeger, and Sabine's gull, appeared sporadically throughout the summer, being 
seen principally during migration but also at other times" (Martin and Moitoret 1981). 

'If the 10 shoreline transects sampled by Martin and Moitoret (1981), the 
outside and inside barrier island and inside east spit transects showed the 
highest level of bird use (Fig. 27). The outside of the east and west spits 
showed generally intermediate levels of use. Low levels of bird use wel"e 
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 few 
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 preferr·ed feeding areas for oldsquaw 

1 

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 snow-free. 
Subsequent use of the river transect was low. Shorebird use of the 
mudflats at the river mouth occurred in mid-July. 

The inner lagoon shoreline transect (Fig. 27) showed relatively 
little bird use in June and especially July. In late August and 
September, migrating brant used Wet Saline Tundra areas to stage and 
feed, and oldsquaw sometimes sought shelter from west winds in the 
lee of the shore bluffs. Phalarope mig rat ion 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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Figure27. Bird use of shoreline habitats by transect, Canning 
River Delta, 1980. Source: Martin and Moitoret (1981). 
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A total of 59 species was documented using the shoreline transects on the 
Canning River delta in 1980 from June to September (Table 6). "Some species 
such as loons, oldsquaw, pintail, glaucous gull, arctic tern, parasitt~ 
jaeger, lapland longspur, and snow bunting were seen nearly constantly 
throughout the summer. Others, such as eiders, ruddy turnstone , golden-plover, and Baird's and semipalmated sandpipers, disappeared only at 
summer's end. Some birds, such as the scoters, geese, black-bellied plover , sanderling, and other shorebird species appeared only during specific 
migration periods. Phalaropes, dunlin, pectoral sandpiper, long-tailed 
jaeger, and Sabine's gull, appeared sporadically throughout the summer, being 
seen principally during migration but also at other times" (Martin and 
Moitoret 1981). 

Of the 10 shoreline transects sampled by Martin and Moitoret 0981), the 
outside and inside barrier island and inside east spit transects showed the 
highest level of bird use (Fig. 27) • The outside of the east and west spits 
showed generally intermediate levels of use. Low levels of bird use were 
observed on river, bay, bluff, inner lagoon shore and inside west s pit 
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 few 
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 snow-free. 
Subsequent use of the river transect was low. Shorebird use of the 
mudflats at the river mouth occurred in mid-July. 

The inner lagoon shoreline transect (Fig. 27) showed relatively 
little bird use in June and especially July. In late August and 
September, migrating brant used Wet Saline Tundra areas to stage and 
feed, and oldsquaw sometimes sought shelter from west 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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Figure27. Bird use of shoreline habitats by transect, Canning 
River Delta, 1980. Source: Martin and Moitoret (1981). 
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The bluff transect (Fig. 27) was little used except by Lapland 
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 sparrow, 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 
phalar·ope 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 o .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 
011 24 June 1976 (Table 7). Along spits and bars, a total of 4.0 birds/line~ 
km were counted on the Bernard Harbor transect and no birds were recorded on 
the Barter Island transect (Divoky and Good 1979). These indices exceeded 
val11es 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 
iHbit2tR were observed. Total birds/lineal km of shoreline appeared to be 
lower at Barter Island and Bernard Harbor in late June 1976 (Table 7) as 
compared to late June 1980 at the Canning River Delta when 18 bird/km were 
ob,~erved (Fig. 26). 

Late cTuly-eaY'ly 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 than 
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 involved 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 zone use: 

(l) Early 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 
the tundra toutilize habitats at the edges of small coastal lagoons 
and nearby brackish pools. 
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Table 7. Indices of abundance 
transects near Barter 
and Good 1979) • 

of birds (birds/km) seen along shoreline 
Island, Alaska, 24 June 1976 (Source: Divoky 

Species 

Arctic loon 
Red-throated loon 
Pintail 
Old squaw 
Common eider 
Spectacled eider 
Surf scoter 
Semipalmated sandpiper 
Baird's sandpiper 
Red phalarope 
Redpoll 
Lapland longspur 
Snow bunting 

Total birds/lineal km 
Total km sampled 

*Denotes single sighting 

Bernard Harbor 
Beaches Spits & Bars 

0.1* 
1.2* 

1.5 
0.7 0. 7 
3.8 0.5 

0 .2 
3.7* 

0 .8 
0.1* 
0.1* 

0.1* 

0 .5 4 .o 
8 .3 0 .3 

Table 8. Comparison of shorebird abundance for 3 arctic 
of abundance is birds/lineal km of shoreline. 
Risebrough 1978, Martin and Moitoret 1981). 

Date 

Barter Island 
Beaches 

0.3* 
1.0 

0.3* 
1.0 

2 .6 
3.1 

coastal areas. Index 
(Sources: Connors and 

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

Barrow 
Oliktok 
Canning-ANWR 
Outside Barrier 
Inside Barrier 
Mainland 

1977 
1977 
1980 

12 .5 
31.5 

8.2 
12.7 
12.8 
11.3 

107.5 
45.5 

7 .6 
4 .5 
3. 7 
5 .3 

7.0 
17.7 

5.1 
18 .3 

3.5 
9 .o Mean 

(3) 

( 4) 

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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The bluff transect (Fig. 27) was little used except by Lapland 
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 sparrow, rusty blackbird, 
yellow warbler, and tree sparrow. 

The inside west spit ~ransect (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 
phalar·ope and sanderling mig rat ion. Old squaw 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 
on 24 June 1976 (Table 7). Along spits and bars, a total of 4.0 birds/line~ 
km were counted on the Bernard Harbor transect and no birds were recorded on 
the Barter Island 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 
habitcttR were observed. Total birds/lineal km of shoreline appeared to be 
lower at Barter Island and Bernard Harbor in late June 1976 (Table 7) as 
compared to late June 1980 at the Canning River Delta when 18 bird/km were 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 than 
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 
f'ac tors involved with this variability are physical, environmental, and 
biological (Connors and R isebrough 1981) • Connors and R isebrough (1977)' 
working pr-imarily 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 zone use: 

(1) Early 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 
the tundra toutilize habitats at the edges of small coastal lagoons 
and nearby brackish pools. 
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Table 7. Indices of abundance 
transects near Barter 
and Good 1979). 

of birds (birds/km) seen along shoreline 
Island, Alaska, 24 June 1976 (Source: Divoky 

Bernard Harbor Barter Island Species 
Beaches Spits & Bars Beaches 

Arctic loon 
Red-throated loon 
Pintail 
Oldsquaw 
Common eider 
Spectacled eider 
Surf scoter 
Semipalmated sandpiper 
Baird's sandpiper 
Red phalarope 
Redpoll 
Lapland longspur 
Snow bunting 

Total birds/lineal km 
Total km sampled 

*Denotes single sighting 

0.1* 
1.2* 

0. 7 
3.8 

3.7* 

0 .5 
8 .3 

1.5 
0 .7 
0 .5 
0 .2 
-

0.8 
0.1* 
0.1* 

0.1* 

4 .o 
0.3 

Table 8. Comparison of shorebird abundance for 3 arctic 
of abundance is birds/lineal km of shoreline. 
Risebrough 1978, Martin and Moitoret 1981). 

Date 

-
0.3* 
1.0 

0.3* 
1.0 

2 .6 
3.1 

coastal areas. Index 
(Sources: Connors and 

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

Barrow 107.5 7.0 
Oliktok 
Canning-ANWR 
Outside Barrier 
Inside Barrier 
Mainland 

1977 
1977 
1980 

12.5 
31.5 

8.2 
12.7 
12 .8 
11.3 

45.5 17.7 

7 .6 
4 .5 
3.7 
5 .3 

5.1 
18 .3 

3.5 
9 .o Mean 

(3) 

( 4) 

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 littoral 
habitats based upon foraging and microhabitat data. One corresponded to the 
position of the foraging site with respect to the water line; the second 
described changes in habitat related to particle size of the substrate. 
Spec}.es using the littoral zone around Barrow responded differently to these 
g!~ac ;_,,r,ts. Several different types of shoreline habitats were used by 
shoret'il'ds including mudflats, sal tmarsh, inner lagoon margins, brackish 
pools, and outer coast gravel shores. Narrow mainland beaches backed by 
e:--odinl!, tundr·a cliffs received the lowest levels of bird use (Connors and 
Pi se o:--ough 1977) • Shorebirds foraging in brackish mudflats, lagoon edge, and 
Wet. Saline Tundra pool areas within the littoral zone west of ANWR ate 
ol igonhaetes and chironomid fly adults and larvae (Connors and Risebrough 
19771. In contrast, birds foraging along the outer gravel coasts and 
Lag(>On/bar •ier island beaches ate large marine zooplankton, some of which were 
~ashed up along the shore. 

Cor:tvY·s and Risebrough ( 1977) suggested that shorebird staging and feeding in 
tne lit tor·al zone preceding fall migration functions as an energy storage 
pr".•cess immediately before migration and that littoral habitats are critical 
f0r 2rctic shorebirds. Additionally, band recovery data near Barrow indicate 
i'llrl;h tur'nover rates with individual birds using a particular shoreline area 
l'c>" cnly .<J. fe\.; days before moving on. Each stretch of shoreline is apparently 
:.:~pc)rtant to more than just local birds. 

rhe magn:i tude and timing of post-breeding shoreline movements observed by 
·m,n0rs and Risebrough 0981) were correlated with post-breeding season air 
s~~oeratures. Warwer late-summer temperatures, resulted in higher bird 
densities in the littoral zone, and earlier migration peaks. Bird species 
wnich showed similar annual fluctuations in use of the littoral zone were not 
'3pecies which shared the same breeding habitats, however, they did occur 
ogether in the same post-breeding habitats (Connors and Risebrough 1981). 

T~e8e species/habitat associations were as follows: 

Gravel Beaches 

ruddy turnstone 
;vmderling 
;>ed phalarope 

Littoral Flats, Lagoon Edges 

lesser golden-plover 
semipalmated sandpiper 
western sandpiper 
Baird's sandpiper 
pectoral sandpiper 
dun lin 
long-billed dowitcher 
red-necked phalarope 

Despite the limited geographical area sampled on ANWR, it was apparent that 
shoreline habitats were important for waterfowl, shorebirds, and other 
seabi rrl:'3 and waterbirds (Martin and Moitoret 1981) • Species which nested on 
barrier islands (primarily waterfowl and seabirds) generally nested in higher 
rlensities than on other shorelines. Shorebird use peaked in late July and 
early August during staging and migration. Waterfowl, particularly oldsquaw, 
incre,lsed thr·ough July and remained at high levels through early September as 
birds molted, staged and migrated. The concentration of large numbers of 
bi~'ds f"om widespread geographic areas into shoreline habitats suggests that 
im[Jc.cts to these habitats could potentially have population-wide effects on 
some bird species. 
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Bird Use of Lagoon and Offshore Habitats 

The greatest concentrations of summer resident waterbirds on ANWR occur in the 
shallow coastal waters of the Beaufort Sea. This area includes shallow 
coastal lagoons protected by gravel barrier islands, shoals, and nearshore 
waters (see Chapter 2). Aerial lagoon surveys conducted on ANWR include 
Schmidt 0970), Frickie and Schmidt (1974), Spindler (1979a), Bartels and 
Zellhoefer (1983), Bartels and Doyle (1984b), Brackney et al. (1985b), and 
Brackney et al. 0986a). Bartels 0973), Gallop and Richardson 0974), Ward 
and Sharp 0974), Harrison (1977), Divoky and Good (1979), and Johnson and 
Richardson 0981) 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 1981-85 as 
part of the baseline study. A transect was flown along a 400 m wide band 
directly seaward of the ~arrier 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. 
(Bartels and Zellhoefer 1983 Bartels and Doyle 1984b, Brackney et al. 1985b, 
Brackney et al. 1986a). Annual peak estimates ranged from 20,812 in 1982 to 
35,091 in 1983. Oldsquaw accounted for 91.1% of the birds observed during the 
surveys. 

A major characteristic of bird populations using the lagoons of AN\oi'R was 
seasonality of use. In all years of ANWR aerial surveys ( 1981-1985) , 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 al. 1986a). 
During this period, river overflow covered the deltaic portions of the lagoons 
and provided the first open water of the season (Bartels and Zellhoefer 
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 (Bartels 
and Zellhoefer 1983, Bartels and Doyle 1984b, Brackney et al. l985b, Brackney 
et al. 1986a). Populations gradually increased through July until a peak was 
reached in August, then populations gradually declined. However, 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 loons are common breeders and migrants. 
0ldsquaw 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 is the glaucous gull. Red and red-necked phalaropes are 
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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Bird Use of Lagoon and Offshore Habitats 

The g:'eatest concentrations of summer resident waterbirds oe1 ANWR ne•· '" ':1 t o 
shallow coastal waters of the Beaufort Sea. This area inc1. udt-::c• sh2; :'.r)',r 
:~oastal lagoons protected by gravel barrier islands, sh(:,als, and neacc:J(]r)Cf) 

waters (see Chapter 2) • Aerial lagoon surveys conducted on ANHR 'LncL ud'.~ 
Schmidt 0970), Frickie and Schmidt (1974), Spindler (l97'la), Rar·tsls ,m,~ 
::eUhoefer (1983), Bartels and Doyle (l984b), Brackney et al. ( l98')b), .·::xi 
Brackney et al. (l986a). Bartels (1973), Gollop and hich2:rdsor: (ly71! \, Hd"'d 
and Sharp (1974), Harrison 0977), Divoky and Good (1979), .1nd Jnzmsor c:tnd 
Richardson ( 1981) conducted studies in nearby coastal waters • Thr;se stud L (~s 
identified Beaufort Sea lagoons as the primary habitats for molting waterfcniL 
and staging shorebird populations in the arctic region of Alaska. Aer"ial 
co11rveys over the coastal lagoons and offshore waters of ANWR were standar·diz:-;>d 
in 1981 (Bartels and Zellhoefer 1983), and conducted annually from 1Y8l-85 as 
part of the baseline study. A transect was flown along a I~CHJ m H1de band 
directly seaward of the _barrier islands (offshore transect) and complete 
surveys were flown on 10 selected lagoons. 

Duei.np; the baseline study, a total of 33 bird species were observed h the~ 

lagoons and offshore transect with 21 to 32 avian species recordea each year. 
'3artels and Zellhoefer 1983 Bartels and Doyle l984b, Brackney et 8.1. l98Si), 
2:•ackney et al. l986a). Annual peak estimates ranged from 20,8L2 in r_;P,;:> tc) 

35,091 in 1983. Oldsquaw accounted for 91.1% of the birds observed dur1n~ the 
sur·1eys. 

A ma_ior characteristic of bird populations using the lagoons of i";Jii w1' Has 
sAa:3onality of use. In all years of ANWR aerial survevs (l9EH-lq8r;1, the use 
of L:u~oons by birds began with snow melt in .June (Bartels and ZelJ!iooter 1CJI)3, 

Bartels and Doyle 1984b, Brackney et al. l985b, Brackney et •1,. ;oAfia) • 
During this period, river overflow covered the deltaic portions of the lagoons 
and provided the fjrst open water of the season (B~rtels and Zs1lh~efer 

l98i). This phenomenon is common in other arctic coastal areas (Elpr•1:;man et 
al. 1977, Schamel 1978, Johnson and Richardson 1981). B~rd use r<01lained at 
lew levels until ice-out occurred, usually in late-June to mLd-Jnly 'Bc;;~teL3 
and Zellhoefer 1983, Bartels and Doyle l984b, Brackney et 31. lq8c,r;., Br>a<.:!kney 
et al. 1986a). Populations gradually increased through July unti 1 "' pe<Jk was 
reached in August, then populations gradually declined. Hcwever·, a second 
smaller peak was often observed in mid-September as birds be{San stagLng 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 ('i'ahle l) . 
Red-throated and yellow-billed loons are common breeders and migrants. 
Old squaw is the most abundant migrant, summer resident, and the major avian 
consumer in the lagoon ecosystem. The second most abundant avian consumer' c.nd 
a common scavenger is the glaucous gull. Red and red-necked phalaropes are 
abundant coastal nesters and abundant late summer and fall migrants. Commo~l 

and king eiders are uncommon nesters and migrants, and surf and Hh i te-winged 
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seaters are uncommon migrants. Black brant are uncommon nesters and common 
fall migrants. 

Three to 5 aerial surveys were conducted annually on 10 selected coastal 
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 bird 
numbers increased early in the season with a peak in 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 lagoons 
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) is 
due to an estimated 16,000 phalaropes tallied during a September 1983 survey 
in the offshore transect (Fig. 28c). Eiders and seaters 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 loon 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 in the coastal lagoons exhibited regular seasonal fluctuations, 
although the timing of these fluctuations varied from year to year. Gallop 
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 low 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. 

Brackney et al. ( l986a) compared the relative value measures (Table 9) with 
the Physical characteristic of the lagoons (Table 10) by multiple regression 
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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 coastal 
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 bird 
numbers increased early in the season with a peak in early to mid-August (F ig. 
28a, Bartels and Zellhoefer 1983, Bartels and Doyle 1984b, Brackney et al . 
1985b, Brackney et al. 1986a). The majority of birds observed in the lagoons 
and offshore were oldsquaw (Fig. 28a). Mean oldsquaw numbers peaked during 
early-August and then declined sharply from mid-August to September (F ig. 
28b). The large September increase in numbers of other species (Fig. 28a) is 
due to an estimated 16, 000 phalaropes tallied during a September 198 3 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 a nd 
breeding adults from the coastal plain following the breeding season (Fig . 
29f). Mean loon 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 in 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 low 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 fo r 
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. 

Brackney 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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analysis. Water depth and area were the only variables which influenced the 
proportion of oldsquaw and total birds in the system that occurred in a 
particular lagoon. Other abundance indicies, density ratios, and the relat i ve 
value index were not influenced by physical charactaristics. Thus water 
depth , from the standpoint of physical characteristics, may be the main 
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). 

Offshore Habitats 

The species with the highest estimated density in the offshore 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 domi nat ed t he 
estimates (Fig. 28b) • Total numbers of oldsquaw estimated on the 88 .8 km2 
offshore transect ranged from 825 on the 22-26 August 1981 survey to 10 , 993 on 
18 August 1984. In all surveys, the majority of oldsquaw were recorded i n the 
lagoons, although offshore numbers of oldsquaw peaked in mid-August , when 
oldsquaw numbers in the lagoons and in the entire system were decr easing (Fig. 
28b and d). This increase coincided with the completion of the molt in 
oldsquaw. Brackney and Platte ( 1986) observed old squaw 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 bet ween the 
offshore area and the lagoon which contributed to an inconsistency i n 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 
part icular season and from year to year. 

The offshore 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 km intervals perpendicular to the ANWR coastline on 22 June and 16 July 
1974 . Total bird density was 1.8 birdslkm2 on 16 July. Oldsquaw comprised 
64.4% of the birds observed (1 .2 oldsquawlkm2). 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 (1984b) flew two surveys with 4 transets, 16.1 km 
long, and one survey with transets 5 km long in A~ust and September 1983. 
Oldsquaw occurred at low densities (4 .4 oldsquawlkm ) out to 14.5 km, with 
90% occurring within 5 km of shore. 

Data Gaps 

Future shorebird population moni taring efforts should be designed to identify 
the weather-caused variability. Additional studies are needed in shoreline 
and l agoon areas potentially impacted by development. The coastline should be 
mapped 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 198ld) and along shorelines 
(Mart in 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. 
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analysis. Water depth and area were the only variables which influenced the 
proportion of oldsquaw and total birds in the system that occurred in a 
particular lagoon. Other abundance indicies, density ratios, and the relRtiv~ 
qalue index were not influenced by physical charactaristics. Thus water 
depth, from the standpoint of physical characteristics, may be the main 
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). 

Offshore Habitats 

The species with the highest estimated density in the offshore 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 km2 
offshore transect ranged from 825 on the 22-26 August 1981 survey to 10,993 on 
18 August 1984. In all surveys, the majority of oldsquaw were recorded in the 
lagoons, although offshore numbers of old squaw peaked in mid-August, whP~< 
oldsquaw numbers in the lagoons and in the entire system were decreasing :::-
28b and d). This increase coincided with the completion of the molt in 
oldsquaw. Brackney and Platte ( 1986) observed old squaw 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 t·,-,,~ 
offshore area and the lagoon which contributed to an inconsistency in offsrD''"' 
estimates. In summary, the offshore data suggest that this area supportc:. 
considerable bird use. As in the lagoons, this use varies widely within a 
particular season and from year to year. 

The offshore 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 kro long at 
0 .4 km intervals perpendicular to the ANWR coastline on 22 June and 16 July 
1974. Total bird density was 1.8 birds/kro2 on 16 July. Oldsquaw comprised 
64.4% 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 (1984b) flew two surveys with 4 transets, 16.1 kro 
long, and one survey with transets 5 kro long in Au~ust and September 1983. 
Oldsquaw occurred at low densities (4 .4 oldsquaw/kro ) out to 14.5 kro, with 
90% occurring within 5 kro 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 
mapped 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 l98ld) 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. 
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Table 9. Measures of the relative value of 10 selected lagoons for oldsquaw and all species, from 
Brackney et al. (l986a). 

All s2ecies Old squaw 

Meanb Meanc Relatived Meanb Relativee 
Proportion a density No. index value Proportion a density index value 

Lagoon of total ratio SEecies (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 .o 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 0.46(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 .?3 0 .02(10) 

a No • birds in lagoon/no. birds counted (all surveys combined). 
b Density in lagoon/grand density in the system, mean of all surveys (N=l5). 
c Mean No. species in the lagoon (N=l5 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. l986a). 

Area Mean Barrier island Shoreline Mudflat Lagoon a 
Lagoon (km2) depth(m) length (km) Length (km) length (km) type 

Oruktalik 8.8 1.4 4 .4 8 .4 0 Pulsing 
Jago 47.3 1.9 13.7 15.1 9.9 Limited exchange 
Simpson Cove 44 .4 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 .o 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 .o 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 .o 0.3 12.5 3.5 11.5 Pulsing 

a ne~"\.:n.~t.i...on.a from Raoh~e~ster and Vine1.1i (1983)-
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Annotated Species List 

Currently known status, population levels, habitat use, and distribution Of 
birds on the AtJHR study area are presented in this ;:mnotated specjes list. 
Status/abundance categories used are: Rbundant, common, fairly common, 
uncommon, rare, casual, accj_den tal, resident, migrant, breeder, and visitant 
(adapted from Kessel and Gibson lQ78). Status and distri_bution designations 

' particularly of the lsss common species, are considered tentative because of 
the relativelv limited time period (lQ78-l98S) in whi.ch intensive bird studies 
on ::he AN\-JR coastal plajn have been conducted and the limited coverage of 
these studies. Geo~raphic distribution of avifauna was divided into 2 general 
regions. Coastal, C>r outer coastal plain, denotes that area Hithin 
approximate 10 km of, and incJ uding, the Beaufort Sea shoreli.ne from the 
Canninp: R j ver Delta to the U.S. - Canadian border. Intensive study sites in 
thi.s r:reographic 2rea i_ncluded Canning Delta, Sadlerochit, OkpiJak Delta, and 
Jago Delta. InLmd, or inland coastal plain, indicates that portion from the 
coastal belt southHard to, and including, the northernmost foothj_lls of the 
refuP,c;;. This r~?gion includes all other intensive study sites, hut may be 
mcdified in text as "mid-olain tl--JaH lakes re~ion" (Ni~uanak), or "foothills" 
( ,Jago Bit tv, Katakturuk Gor~e, Marsh Creek, Katakturuk, Sadlerochit Sprinr;s, 
,:md Aichili\-:). This list is pn"sented i.n phvlo~enetic order and includes the 
'.~ocurJentation used for determining the species stRtlls ;:md distribution 
presented by Table l 

Prief summarios ~re oresenterl for the less common species. Accounts for 
species that are mor~ common, or for Hhich more data exists, include available 
Lnformation on status and distribution, sprin~ mi~ration and chronology, 
breedi_nJ2;, sta~infl:, h3rJitat use, fall mi_gration and chronology, anrl Hintering, 
as Hell as habitat use and relative population density information specific to 
the ANHR studv area or the immediate surroundings. Names of tundra habitat 
tvPes follow the lQ8? Landsat classification by Walker et al. (1082). 

Unless cited otherHise, source materials for the species 
studies conducted at discrete locations Hithin ANWR for l 

discussions are from 
or more years (Table 

published in the 11). The majority of this information has not been 
scientific literature. 

RED-THROATED LOON - Fairly common coastal breeder, common coastal migrant. 
Red-throated loon distribution Has restricted to coastal peripheries. Arrival 
dates ranged over the first week of June, Hith a peak eastHard migration noted 
at Canning Delta betHeen 4 and 7 June 1980. As Hith Pacific loons, 
red-throated loons sometimes arrived before appreciable open Hater Has 
available, and relied on overfloH Hater on river deltas. Red-throated loons 
used smaller ponds for nesting than did Pacific loons, especiallY 
shalloH-Arctophila, deep-Arctophila, and headed streams (Derksen et al. 
1981). Nest construction began in mid-June and incubation started as early as 
21 June. Nest density in Flooded habitat at Okoilak averaged 2.2/km2 

betHeen 1982 and 1985. FolloHing the hatch in late-July, adult red-throated 
loons Here observed making regular feeding flights to nearshore Beaufort Sea 
Haters. The fall migration of red-throated loons occurred betHeen 18 August 
and 6 September, peaking on about l September, at Canning Delta in 1980. 

PACIFIC LOON - Common breeder, common coastal migrant. Pacific loons Here 
common inhabitants of both inland and coastal thRH lake plains. TundrCi lakeS 
and ponds Here often ice-covered in earlv June, and loons arrivi_ng from the 
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Table 11. 
Site specific studies of birds on the coastal pli 
National Wildlife Refuge, AlasKa, lQ78-J08S. 

--- 0 StudY Sl te 

Qkpilak Delta 

canning Delta 
(including BroHnloH Point and Lagoon) 

Okpilak Delta, 
Katakturuk 

Okpilak Delta, Katakturuk, 
Jago Bit ty 

Jago Delta, Sadlerochit, 
Aichilik 

Okpilak Delta, Jago Delta, 
Sadlerochit, Aichilik, 
Niguanak, Jago-Bittv, Marsh 
Creek, Katakturuk 

ANWR lagoon aerial surveys 

Swan surveys on ANWR Coastal Plain 

Snow goose surveys and studies 

OldsquaH ecology studies on 
ANWR coastal lagoons 

Year of study 

1978 

lG79-lG80 

lG82 

lQ83 

1984 

lQ85 

1981-1982 

lG83 
1984 
1985 

1981-1985 

l978-l98S 

1983-1985 
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Spindl~ 

Martin 
Martin 
Moitor 

Spindl 

Spindl 

Miller 

McWhor 
Oates 

Bat"te: 
( l 98 3 
Barte 
Brack1 
Brack1 

Barte 
Barte 
Brack 
Platt 

Spind 
(1081 
Spin 
al. 
al. ( 
(lq8_ 
(198 

BartE 
Brae 
Brae~ 



Annotated Species List 

Current knoHn status, population levels, habitat use, anc' distribution Of 
hircls c-:Jn the A:!\·!R study area ar"' presented in this ;:mnotated speci Rs list 
StatusiCJ.bundance categories U:"ed are: abundant, common, fairly common', 
uncommon, rare, casual, accLdental, resident, migrant, breeder, and visitant 
(adapted from Kessel and Gibson 1978). Status and distribution designations 

, particularly cf the lElss common species, are considered tentative because of 
the r"elatively lirnjted time period (l078-l98S) in Hhich intensive bird studies 
en the AN\-JR coastal plaj n have been conducted and the limited coverage of 
these studies. Geo~raphic distribution of avifauna Has dividec' into 2 gener~ 
r·egions. Coast ;eLl, or outer coastal pla.in, denotes that area Hi thin 
ctpprox1mately lCJ km of, and including, the Beaufort Sea shoreline f'rom the 
Cann~~1g Riv<?r Delta ttJ the U.S.- Cc:madian harder. Intensive study sites in 
thLs r:reographic ?rea included Canninf" Delta, Sadlerochit, OkpUak Delta, and 
Jago Delta. Inland, or inland coastal plain, indicates that portion from the 
coa<:;taL belt south'ward to, and including, the northernmost foothills of the 
refUQ,I'O. This rrogion includps all other intensive studv si.tes' hut may be 
mcdif:ec! in text a.s "rnid-nlain PFlH lak-Ps rppion" (Nip:uanak), or "foothills" 
(Jago Bittv, Katakturuk Gorge, Marsh Creek, Katakturuk, Sadlerochit Springs, 
and Aichiln~). Thi::: list is presentPd in ohvlor:enetic order ;=mel includes the 
c!ocur:Jentation used for detPrmining the spPcies stCJ.tlls i'lnd distribution 
presented by TahlP l. 

Prief summaries are Presented for the less common species. Accounts for 
species that are more common, or for Hhich morp data Pxists, includp available 
lnformatior on status and c'istribution, sprinp migration and chronology, 
breedinQ;, stag·hg, h:_c:hitat use, fall migratjon and chronology, and Hintering, 
as Hell as habitat use and relative population densitv information specific to 
the AN~lR studv area_ or the immediate surroundinr:s. Names of tundra habitat 
tvoPs follow the lo82 Landsat classification by Walker Pt al. (J082). 

Unless cited otherHise, sourcp materials for the species discussions are from 
studies conducted at discrete locations Hithin 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 co as tal breeder, common coastal migrant· 
Red-throated loon distribution Has restricted to coastal peripheries. Arrival 
dates ranged over the first Heek of June, Hith a peak eastHard migration noted 
at Canning Delta betHeen 4 and 7 June 1980. As Hith Pacific loons, 
red-throated loons sometimes arrived before appreciable open Hater was 
available, and relied on overfloH Hater on river deltas. Red-throated loons 
used smaller ponds for nesting than did Pacific loons, especiallY 
shalloH-Arctophila, deep-Arctophila, and beaded streams (Derksen et al. 
1981). Nest construction began in mid-June and incubation started as early a~ 
21 June. Nest densitv in Flooded hahitat at Okpilak averaged 2.2/km 
betHeen 1982 and 1985. FolloHing the hatch in late-July, adult red-throated 
loons Here observed making regular feeding flights to nearshore Beaufort sea 
Haters. The fall migration of red-throated loons occurred betHeen 18 August 
and 6 September, peaking on about 1 September, at Canning Delta in l98n. 

PACIFIC LOON - Common 
common inhabitants of 
and ponds Here often 

breeder, common coastal migrant. Pacific loons were 
both inland and coastal thaH lake plains. Tundri'! lakes 
ice-covered in early June, CJ.nd loons arrivi_ng from the 
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Table 11. Site specific studies of birds on the c 
National Wildlife Refuge, Alaska, 1078-1 

gucty site 

Okpilak Delta 

Canning Delta 
(including BroHnloH Point and Lagoon) 

Okpilak Delta, 
Katakturuk 

Okpilak Delta, Katakturuk, 
Jago Bitty 

Jago Delta, Sadlerochit, 
Aichilik 

Okpilak Delta, Jago Delta, 
Sadlerochit, Aichilik, 
Niguanak, Jago-Bittv, Marsh 
Creek, Katakturuk 

ANWR lagoon aerial survPys 

Swan surveys on AN\-JR Coastal Plain 

Snow goose surveys and studies 

OldsquaH ecology studies on 
ANWR coastal lagoons 

Year of st:1Jy 

1 o78 

J07o-1o8n 

1082 

lo83 

lo84 

1085 

1o81-1oS? 

108~ 

1Q84 
loBs 

1981-1085 

1078-1985 

1983-1985 
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·~ ... 3l pl~-:.·Y, rtf"' 

R e~· s r'·2!'"'~ ~·_::- c 

i n;Her 1 l 07/-la) 

~viar,tin !.1c'it' 

Martin (loR~) 

Moitoret (J::J83) 

Y" '-~ ~ .-' 

Spind"c ;~;· ~.~ -L l J_ c ~ ( ~ 

Spindler et a1 (~CJ84bi 

Miller et al. (lo85) 

McWhorter et al. (1986) 
Oates et al. (l986b) 

Rartels and Zellhoefer 

-; \ ., 

(1983) 
Bartels and 
Brackney et 
Brackne~ et 

Doyle (l984b) 
al. (l985b) 
al. (lo86a) 

Bartels Pt al. (198l) 
Bartels and Doyle (1984a) 
Brackney et al. (19R"ld) 
Platte and Brackney (1986) 

Spindler (1978b), Spindler 
(J08la), Spindler (1983), 
Spindler (lo84a), Oates et 
al. 1985, Oates et 
al. (l986a), Brackney et al. 
(lo85a), Brackney et al. 
(l086b). 

Bartels et al. (1984) 
Brackney et al. (l985c), 
Brackney and Platte (1986) 



west were reliant on overflow water at river mouths. As breeding areas became 
available, typically in mid-June, the loons moved onto large, deep tundra 
ponds and lakes and began courtship and nest building. Nests were commonly 
placed on small islands in densities ranging from 0 .6 to 2 .0 /km2. After a 
28-29 day incubation period (Harrison 1978), chicks were attended by both 
adults at the breeding site. Use of lagoon and estuarine habitats by Pacific 
loons increased in late July and August as family groups moved from tundra 
wetlands to coastal waters, and as adults began frequent flights to the 
lagoons. Several adults ( 10-18) gathered on the large 0 .5 km2 lake at the 
inland Niguanak site during late August 1985. Peak fall migration of Pacific 
loons was observed from 28 to 30 August 1979 at Canning Delta, although 
westward movement occurred over a wider time range in 1080 (18 August to 6 
September). Pacific loons were observed as late as 14 September 1978 and 18 
September 1981 in coastal lagoon transects (Spindler 198lb), and some probably 
~ccur in low numbers until the lagoons freeze over in late September (Spindler 
198lb). 

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 1059). 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 LOON - Uncommon coastal migrant, rare inland migrant. 
Yellow-billed loons were most frequently observed on the Sadlerochit during 
1981). Flocks of 1-8 individuals, flying eastward, were seen daily between 
5-18 June and 7-16 August, while groups of 3-5 birds were less common during 
ll-23 July. The earliest record of yellow-hilled 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 l98lb) . 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 Bay 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-hilled loons 
were single individuals on the large 0 .s km2 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 
"-""~ ·' - on the Kogotpak River (near Beaufort Lagoon) on l'J June 1970. 

SHORT-TAILED SHEARWATER 
waters offshore of ANHR • 
Flaxman Island, circa 1936 

Casual summer visitant to Beaufort Sea coastal 
This species was observed near the ANV.JR coast at 

(Johnson et al. 1975). 

TUNDRA SHAN - Common breeder in coastal river delta 
and lakes in and near drained-basin complexes. The 
dates for tundra swans on ANHR range from 24 May to 
Spindler l978a, Martin and Moitoret 1981, McWhorter 

1 3 6 

areas, especially ponds 
first observed arrival 
1 June (Levison 1980' 

et al. 1986,). Swans 

begin departing the ANltJR coastal plain in mid-August and the non-breeders and 
failed breeders are the first to migrate (Jacobson 1979, Martin and Moitoret 

1
g81, Spindler 198lc). 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 young have been seen on the coastal plain as late as 13 September 

(Jacobson 1979). 

swans on the ANHR 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 
River Valley to the east of ANI.vR (Sladen 1973, Bellrose 1980, Pacific Flyway 
study Committee 1983). A 3 year mean of ?,63.77 ~ 80.6 SD (range 271-403) 
swans have been counted on ANHR in spring surveys (Bartels and Doyle 1984a, 
Brackney et al. 1 985d, 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 ~ 95.4 (range 280-485) SD adult swans (Spindler l98lc, 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 ANHR 
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 l to 2 weeks prior to break-up, swans seek 
out high ground that is blown free of snow. Hhen such sites are adjacent to 
pond and lake wetlands they are often chosen as nest sites (Spindler l978a, 
Martin and Moitoret 1981, Spindler 1978c, l979b, 1980, l98lb). 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/km2 at Demarcation Bay to 0 .22 + 0 .04 SD nests/kmT on the 
Aichilik-Egaksrak-Kongakut deltas (Table 12) .- In 1984, the A ichilik-Egaksrak 
Kongakut deltas supported a high of 0 .25 nests/km2. Nest densities on ANHR 
concentration 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 ANHR (range:66-100). 

Reproductive success and output varies considerably from year to year and area 
to 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 cygnets/year) or the Hulahula-Okpilak delta (26.5 
cygnets/year). An average of 129.5 + 59.53 SD cygnets were produced each year 
on ANHR from 1981-1985. Production- ranged from 42 cygnets in 1982 to 16g 
cygnets in 198 3 • 

Densities of adult swans on the ANHR studv areas were similar to or higher 
than those in other concentration areas on, the north slope (Table 13). The 
Aichilik-Egaksrak-Kongakut deltas supported the highest density of adults with 
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west were reliant on overflow water at river mouths. As breedinp areas becam 
available, typically in mid-June, the loons moved onto large, deep tundl' e 
ponds and lakes and began courtship and nest building. Nests Here commonl; 
placed on small islands in densities rangjng from 0 .6 to 2 .0 /km2. Aftel' a 
28-29 day incubation period (Harrison 1978), chicks were attended by botn 
adults at the breeding site. Use of lagoon and estuarine habitats by Pacific 
loons increased in late July and August as family groups moved from tundl'a 
Hetlands to coastal waters, and as adults began frequent flights to tne 
lagoons. Several adults ( 10-18) gathered on the large 0 .5 km2 lake at the 
inland Niguanak site during late August 1985. Peak fall migration of Pacific 
loons was observed from 28 to 30 August 1979 at Canning Delta, although 
westward movement occurred over a wider time range in loBo (18 August to 6 
September). Pacific loons were observed as late as 14 September 1978 and 18 
September 1981 in coastal lagoon transects (Spindler l98lb), and some probably 
occur in low numbers until the lagoons freeze over in late September (Spindle!' l98lb). 

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 1059). It has been 
documented as an uncommon visitant to the Yukon North Slope (Salter et al. 
1980) and a possible migrant on the Okoilak Delta in ANWR (Spindler l978a). 

YELLOW-BILLED LOON - Uncommon coastal migrant, rare inland migrant. 
Yellow-billed loons were most frequently observed on the Sadlerochit during 
1985. Flocks of l-8 individuals, flying eastward, were seen daily between 
5-18 June and 7-16 August, while groups of 3-5 birds were less common during 
ll-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 198lb) • Three individuals were seen at Beaufort Lagoon on 7 June 
loBO, with additional sightings 'several times a week in coastal lagoons and 
shoreline waters between Demarcation Fay 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 .s km2 lake at the Niguanak bird camp 
on 9 July and 29 August 1985. 

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

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 AN~m. This species was observed near the AN~m coast at 
Flaxman Island, circa 1936 (Johnson et al. 1975). 

TUNDRA SWAN - Common breeder in coastal river delta 
and lakes in and near drained-basin complexes. The 
dates for tundra swans on ANWR range from 24 May to 
Spindler 1978a, Martin and Moitoret 1981, McWhorter 
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areas, especially ponds 
first observed arrival 
1 June (Levison 1980, 

et al. 1986,). Swans 

begin 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 l981c). Paired adults Hith young are not able to depart until 
the young can fly, which is probably as late as mid-or-late September, since 
swans with young have been seen on the coastal plain as late as 13 September 
(Jacobson 197 q) · 

swans 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 
River Valley to the east of ANWR (Sladen 1973, Bellrose 1980, Pacific Flyway 
study Committee 1983). A 3 year mean of 363.77 ~ 80.6 SD (range 271-403) 
swans have been counted on ANWR in spring surveys (Bartels and Doyle l984a, 
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 + 95 .4 (range 280-485) SD adult swans (Spindler 198lc, 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 i_s 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 l 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 l978a, 
Martin and Moitoret 1981, Spindler 197Bc, 1979b, 1980, 198lb). Clutch 
completi_on 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/km2 at Demarcation Bay to 0 .22 + 0 .04 SD nests/kmZ" on the 
Aichilik-Egaksrak-Kongakut deltas (Table 12) .- In 1984, the A ichilik-Egaksrak 
Kongakut deltas supported a high of 0 .25 nests/km2. Nest densities on ANWR 
concentration 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 
to 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 cygnets/year) 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 
cygnets in 198 3 • 

Densities of adult swans on the ANWR study areas were similar to or higher 
than those in other concentration areas on- the north slope (Table 13). The 
Aichilik-Egaksrak-Kongakut deltas supported the highest density of adults with 
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Tahle 1?. Mean tundra swan population statistics hy ar'ea on the Arct;c Nco1lon'iJ l'IUd!ire J~;c,fuge, J08?-198CJ. 

·--- -------------------------------'<-···------

Area No. 
l,ocation (km2) Nests 
~------------~-

Canning-Tamayariak 
Delt:=J 

Hulahula-Okpilak 
Delta 

.Tago Delta 

Aichilak-Egaksrak
Kongakut Delta 

Pingokraluk Point 

Demarcation Bay 

All concentration 
areas 

Other areas 

All areas 

at Less than 0.01. 

227 ?9 .:: 

11.7 

10 l • 7 

ll;J 

?.0 

70 

717 Li o.o 

7700 81.7 

Spring survey 
19Bl-198c:; 

Nest 
density No. 
(No./km2) Adults 

]lt:;. 7 

O.JL! ::o J) 

0.07 7.0 

0.?? 118.8 

n.F:; 

o.os 

Cl.lLi ::o::.o 

0.01 nn.7 

O.OJ 

Adult 
density No. 

(No.jkm2) hroods 

O.f:)l 

() .llh 8.8 

n.-.::7 0.8 

1.\lh lLi.c:; 

O.Lll l.R 

0.?5 2.0 

41.!.() 

0.01 n.o 

0.05 so.o 

Fall survPy 
108?-JqSr:; 

Brood Adult 
densi.ty No. No. densjty 

(No./km2) Cygnets Adults (No. km)) 

0.07 JnF..R 0 .1!7 

n.1o c;lJ.c; n.FiLi 

(). ()1! l. p 

n.n J ?!i. R 

n.J? LJ.8 

0.02 1?.? n. 18 

n.os llFi .8 l?J . ? n.F.l 

12.8 n.o1 

0.01 o.oc:; 

__ , ______ , 
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Table 1?. Mean tundra swan population statistics by area on the A ' . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r~cc•c Natio~al Wildlife R0fuge, 1082-1985. 

Spri.ng survey ----Fall survey 
198? l93r:; 198~ 198S 

Nest Adult Brood Adult 
Area No. densitv No. density No. density ~o • 

(No./km:?) h ? ' · do. densHy location ( 2 ~~~_::_:_:~~~~~~-':.~k2m ) Nests 

C'anning-Tamayariak 
Delta 

Hulahula-Okpilak 
Delta 

Jago Delta 

Aichi1ak-Rgaksrak
Kongakut Del t 8 

Pingokraluk Point 

Demarcation Bay 

All concentration 
areas 

Other areas 

All areas 

8 t Less than 0.01. 

??7 ?9.~ 

8S ll. 7 

lO l. 7 

H 2.0 

70 ).~ 

52G 7~.7 

7174 o.o 

7700 81.7 

(No./k~2 ) Adults 

o.p ll r:;. 7 

0 .1LL ~0 • () 

n.07 7.0 

0.?? 118.8 

O.lS 

o.os 17.~ 

0.14 ~0~.0 

0.01 

O.OJ 

.c_~·_r_o_:_o..::.d.::::s~-':.(.::No./km ) C'ygnets Adults (No. km2) 

n.n7 !Jn.rc: l()F .• P 

O.ILG 8.8 0.10 n.G!4 

n.8 () • ())! 

l.OFi 14.s O.P 1.?0 

0.41 1.8 O.P !t.8 7 .s 

0.?5 2.0 0.02 0.18 

o.s8 0.08 (l.hl 

0.01 fi.O 1?.8 0.0] 

o.os so.o 0.01 l?O.S o.os 

Table 13. Mean densities of adult tundra swans and nests in several Alaskan locations. 

Location 

ANWR concentration areas a 

Aichilak-Egaksrak a 
Kongakut Deltas 

Colville Delta b 

Sagavanirktok River Delta b 

Fish Creek b 

Umiat b 

East Longlake b 

Storkerson Point b 

Kewatin NWT 

Kobuk River Delta c 

Selawik NWR, all areas d 

Yukon-Kuskokwim 

Years 

1981-1985 

1981-1985 

1982-1983 

1977 

1977 

1977 

1977-1978 

1977-1978 

1975-1976 

1983-1984 

1983-1984 

a Arctic National Wildlife Refuge. 
b Other north slope locations. 

Swan density 
(adults/km2) 

0.45-0.64 

0. 6 3-l. 29 

0.51 

0.17 

0.42 

0.16 

0.20 

0.10-0.30 

0.85 

0.41-0.47 

0.28-0.39 

c 1983 swan density. 
d Selawik National Wildlife Refuge, northwest Alaska coast. 

Nest density 
(nest/km2) heference 

0.10-0.17 Platte and Brackney (1986) 

0.18-0.25 Platte and Brackney (1986) 

0 .ll-0 .22 Hawkins (1983) 

Welling and Sladen (1978) 

Welling and Sladen (1978) 

Welling and Sladen (1978) 

Derksen et al. (1981) 

Derksen et al. ( 1981) 

McLaren and McLaren (1984) 

0.13-0.18 Spindler and Hall (1984) 

0.09-0.10 Spindler and Hall (1984) 

1.50 Dau (1980) 



a mean of 1.06 + 0.38 SD swans/km2 in June and 1.20 + 0.~1 SD adult 
swans/km2 in the- fall (Table 12). Densities of 0.10- to 0.51 adult 
swans /km2 have been observed at 6 sites on the north slope (Table 13) . Mean 
swan densities (1981-1985) on the 7700 km2 ANWR coastal plain (including 526 
km2 of primary habitat and 7174 km2 of unproductive upland habitats) were 
0 .05 adult swans/km2 as compared to 0.08 and 0.12 swans/km2 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 farther 
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 (in Kessel and Gibson 
1978) observed a pair in late July 1972 at Simpson Cove. Pairs with ~cygnets 
were recorded by Canning River (Hi September 1973), at Simpson Cove (lO August 
1974), and in a pond by Demarcation Bay on 8 August 1974 (Kessel and G1bson 
1978) . 

GREATER WHITE-FRONTED GOOSE - Uncommon to fairly common spring migrant and 
common fall migrant over coastal plain. Spring migration is primarily 
vJestward (Salter et al. 1980), 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 1980. 
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 LTune. A group of 4 pair was 
involved in courtship display in Moist Sedge habitat at LTago Delta on fi June 
1984. A single pair resided throughout June along lake banks in Flooded 
habitat at Niguanak in 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 migration over the ANWR coastal plain. A total of 10,228 geese 
migrated past Beaufort Lagoon/Pingokruluk Point in 1980, with peak movements 
on 29 August (6,334 birds) and 2 September (3,304 birds) (Levison 1980). 
Between 23 and 30 August 1985, 140 greater wh1te-fronted geese were observed 
3t Jago Delta: the majority 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 majoritv 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 brant 
did. Fall migration at Canning Delta was observed beginning 16 August 1979, 
and 12 August 1980. In 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 birds 
uprooted Carex plants. Maximum numbers at Canning Delta occurred on 30 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 by 3 September 
1980 when the last flock was seen. However, flocks were seen over the 
Katakturuk delta as late as 14 September 1978 (Spindler 1978c). 

SNOW GOOSE - Uncommon spring migrant, rare summer visitor, and abundant fall 
migrant on coastal plain of ANWR. The major nesting colonies of the western 
arctic population, with the estimated number of breeding birds, are 165,000 at 
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Banks Island, Northwest Territories, 3,800 at Anderson River Delta, Northwes 
Territories, 800 at Kendall Island, Northwest Territories (Krebs 1983), 80 a 
sagavanirktok River Delta, Alaska (Johnson et al. 1985), and 60,000 a 
Wrangell Island, USSR (Welling et al. 1981). Geese from these colonies m:i 
during the winter in the Imperial and Central valleys of California, R :i 
Grande valley of New Mexico, and the state of Chilhuahua in Mexico (Bell roo 
1980). On the Alaska north slope, outside of the Sagavanirktok River deltc 
scattered pairs have been reported breeding irregularly near Meade RiveJ 
Teshekpuk Lake, East Long Lake, Colville River, and Flaxman Island (Johnson ' 
a1. 1975, Gavin 1976, Derksen et al. 1981). Snow geese once commonly nest' 
on portions of the Alaska north slope (Bailey 1048, Gabrielson and Linco 
1959), but it has been hypothesized that introduced reindeer and the 
herdsmen destroyed geese and their nesting grounds (Bailey et al. 1933, Bail 
1948). There have been no recent reports of snow geese nesting or attempti 
to nest on ANWR. Mid-summer records on ANWR are of lone stragglers or wide 
scattered flocks grazing on the tundra (Levison 1980, Martin and Moitor 
1981, McWhorter et al. 1986, Schmidt 1970). 

Snow geese are first observed during spring migration each year along t 
Beaufort Sea coastline of ANWR during the latter part of May and the fir 
week of June (Johnson et al. 1075). The birds use several migration routes 
reach their arctic coastal breed1ng areas. Perhaps the greatest numbE 
arrive by following the Mackenzie Valley northward (Barry 1967, Campbell ; 
Shepard 1973, Salter et al. 1974). Others have been seen migrating acr' 
interior Alaska over the Yukon Flats and the Porcupine River basin (Gabriel 
and Lincoln 1959), crossing the Richardson Mountains through Blow River P 

(Koski and Gollop 1974), and the Brooks Range through Anaktuvuk Pass (Irv 
1960). Snow goose occurrences on ANWR in the spring do not indicatE 
definite migration toward any one of the major colonies. Observations wh 
include information on direction of movement indicate both westerly 
easterly movements (Burgess 1980, Johnson et al. 1975, Martin and Moitc 
1981, Salter et al. 1980, Schmidt 1970, Spindler 1978b). Early arrival de= 
on and near ANWR have ranged from 13 May to 29 June (Rand 1946, G;cwin lC 
Johnson et al. 1975, Martin and Moitoret 1981, Miller et al. 1985, Gollop 
Davis 1974b, Spindler l978b, Burgess 1980, Levison 1980, Robus 1979, Ben 
et al. 1977). The peak date of egg-laying on the Anderson River delta co 
is about 9 June (Johnson et al. 1975). 

Prior to fall migration snow geese from the Banks Island, Anderson Delta, 
Kendall Island colonies annually stage on the north slope of ANWR, the Y 
Territory, the MacKenzie River delta Northwest Territories, and the Parry 
Bathhurst Peninsulas Northwest Territories (Koski 197l'l, 1977a and b) . An 
variation occurs in the staging areas used, the numbers of snow geese c; 

each area, and duration of use (Koski 1977a and b, Spindler 198la, Spir 
1983, Spindler 1984a, Oates et al. 1985, Oates et al. 1986a, Brackney et 
l986b). Estimated numbers of snow geese on the entire staging area 
fluctuated annually ranging from 163,1Q8-507,000 (Fig. 31). 
fluctuations are believed to be caused bv annual variation in reproductior 
recruitment, although some geese are missed during surveys. On the ANWR: 
areas the estimates of staging snow geese over 11 years of surveys have r; 
from 0 to 325,700 with a mean of 135,992 + ll2,837 SD. During 4 of 
Years more than 190,000 snow geese staged on ANWR. 

The chronology of staging also varies annually (Fig. 32). Adult and 
geese leave the colony on the Anderson Delta at the end of August (Barry 
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Rare coastal breeder. R. LeResche (in Kessel and Gibson 
pair in late July 1972 at Simpson Cove. Pairs with l cygnets 
Canning River (16 September l97l), at Simpson Cove (10 August 
pond b? Demarcation Bay on B August lo74 (Kessel and Gibson 

'::!2.LLI!J 'iF-liTE-FRONTED GOOSE - Uncommon to fairly common spring migrant and 
mr · fall migrant over coastal plain. Spring migration is primarily 
th·arr~ (:)alter et al. 1980), extending from late May to mid-June, 

· -s~'a,son surveys at Canning Delta noted first arrivals on 17 May 1979 and 
1 aBel, and observations occurred until 29 June 1 97o and 1 S June 1980, 

.. t arr·ival at Beaufort Lagoon was 29 May l9BO, and birds were seen fairly 
e<T!)i_ c']'I throughout the month of June. Small groups were infrequently seen 

p;r·;;?.inv; •w, the tundra at coastal locations in .Tlme. A group of 4 pair was 1

••J·:'l?F;cJ in courtship display in Moist Sedge habitat at .Tago Delta on 6 June 
-•.14. ,~ single pair resided throughout June along lake banks in Flooded 
-""~'.:at at ~.Jiguanalc in 19B5; no at tempt at bc2eding was observed. No 

.,, Pr\· '~ions of greatec white-fronted geese on the ANWR coastal plain were 
~:> fr·ocrJ '2-30 -Tuly. 

inn iU/ in mid-August, white-fronted geese Here observed in a pronounced 
,~,,ard migration over the ANHR coastal plain. A total of 10,2;::>8 geese 

r•·i1r:·;:,t"'c~ oast Beaufort Lagoon/Pingokruluk Point in 1980, with peak movements 
.·~ ?o ,;ugust (6,33~+ birds) and 2 September 0,304 birds) (Levison 19BO). 

'ctween 23 and 30 August l9B5, 140 greater white-fronted geese were observed 
:'c ,Tago Delta; the majority were in feeding flocks of less than 30 
o r!·Lvidual.s. However, during the same time period, 3,:::'02 geese migrated over 
·' Niguanak area, about 27 km south of Jago Delta. The majority of greater 

ite-fronted geese apparently moved over the interior coastal plain, at least 
t ~-he Beaufort Lagoon area, rather than folloHing the shoreline, as !want 
'' i .r<. Fall migration at Canning Delta was observed beginning 16 August 1979, 
2r:: 12 August 19BO. In 197o, flocks of 3-325 birds scattered widely across 
th0 tundra to graze. Similar observations were made at Niguanak in loB~, with 
rc:,"xiest graz.ing along lake banks and beaded streams (McWhorter et al. 1986, 
:~r:Jci'!ey unpubl. data). Small areas were stripped of vegetation as birds 
uorocted Carex plants. Maximum numbers at Canning Delta occurred on 30 August 
i.'l?o hlher:-a-nock of 325 birds was seen, and on ?5 August 19BO 1,.rhen a flock of 

50 1-1as seen flying east. Migration was apparently completed by 3 September 
980 Hhen the last flock was seen. However, flocks were seen over the 

~>takturuk delta as late as 14 September 1978 (Spindler 197Bc) . 

SNO\-J GOOSE - Uncommon spring migrant, rare summer visitor, and abundant fall 
m i~:;ra~t on coastal plain of ANw'R. The major nesting colonies of the western 
arctLc ropulation, with the estimated number of breeding birds, are 165,000 at 
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sanks Island, Northwest Territories, l, 800 at Anderson River Delta, Northwe:Jt 
Territories, BOO at Kendall Island, NorthHest Territories (Krebs lo83), 8D at 
sagavanirktok River Delta, Alaska (Johnson et al. 19B5), and 60,000 at 
wrangell Island, USSR (Welling et al. 19Bl) . Geese from these colonies mix 
during the winter in the Imperial and Central valleys of California, Rio 
Grande valley of New Mexico, and the state of Chilhuahua in Mexico (Bell rose 
l980). On the Alaska north slope, outside of the Sagavanirktok Ri vee delta, 
scattered pairs have been reported breeding irregularly near Meade River, 
reshekpuk Lake, East Long Lake, Colville River, and Flaxman Island (Johnson et 
al. lo75, Gavin 1976, Derksen et al. l9Bl) . Snow geese once commonlv nested 
on portions of the Alaska north slope (Bailey lo48, Gahr·ielson and Lincoln 
1959), but it has been hypothesized that introduced reindeer and their 
herdsmen destroyed geese and their nesting grounds (Bailey et al. 193?, Ba~ley 
1948). There have been no recent reports of snow geese nesting or attemptinp: 
to nest on ANWR. Mid-summer records on ANWR are of lone stragglers or widely 
scattered flocks grazing on the tundra (Levison l9BO, Martin and Moitoret 
1981, McWhorter et al. 19B6, 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 lo67, Campbell and 
Shepard 197 3, Salter et al . 197 4) . Others have been seen m igra tina across 
interior Alaska over the Yukon Flats and the Porcupine River basin (Cabrielson 
and Lincoln 195o), crossing the Richardson Mountains through Blow River oass 
(Koski and Gollop lo74), and the Brooks Range throuR:h 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 movement indicate both westETly and 
easterly movements (Burgess 19BO, Johnson et al. 1975, Martin and Moitoret 
1981, Salter et al. 19BO, Schmidt 1970, Spindler 1978b). Early arrival dates 
on and near ANWR have ranged from 13 May to 2o June (Rand 194 6, Giw in l 971, 
Johnson et al. 1975, Martin and Moitoret l9Bl, Miller et al. loB5, Gollop and 
Davis lo74b, Spindler lo7Bb, Burgess l9BO, Levison loBO, Robus lo79, Bergman 
et al. 1977). The peak date of egg-laying on the Anderson River delta colony 
is about 9 June (Johnson et al. lo75). 

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 
Terci tory, the MacKenzie River delta Northwest Territories, and the Parry and 
Bathhurst Peninsulas Northwest Territories (Koski 197~, 1977a and b). Annual 
variation occurs in the staging areas used, the numbers of snow geese using 
each area, and duration of use (Koski 1977a and b, Spindler loBla, Spindler 
1983, Spindler 19B4a, Oates et al. lo85, Oates et al. 19B6a, Brackney et al. 
l986b) . Estimated numbers of snow geese on the entire staging area have 
fluctuated annually ranging from 163, loB-5o7, 000 (Fig. ~1). These 
fluctuations are believed to be caused by annual variation in reproduction and 
recruitment, 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, oo2 + ll2, 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 
~eese leave the colonv on the Anderson Delta at the end of August (Barry lo67) ,, ' 
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and probably leave the Ranks Island nesting area at approximately the s2me 
time (Johnson et al. l97S). Birds may stop over on the Bathhurst and Parry 
Peninsulas for up to a week and then move west. During a normal year, the 
HesbJarrl movement is followed by a 1 or 2 week period of little 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. 197'5, Koski l977a, b) or 
available food resources (Koski l977a, Brackney et al. l985a). The dates of 
the major arrival of snow geese on the ANWR coastal plain from 1971-1985 were 
2n August to l September, and dates of major departure from the coastal plain 
were l S-1 a 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 10 August 1980. The latest date of major departure was 27 

tember 1978, and the latest date snow geese have been seen on the ANHR 
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 ( l977b) 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% juvenile birds in 197 4 to 
over 54% juvenile birds in 1973 and 1975 (Fig. 33). Productivity of the 
western a ret i.e snow goose populations is affected significantly by inclement 
June weather (Barry 1967). Percent young also varied spatially on the staging 
grounds. S2mples including the Mackenzie Delta area have a tendency 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, 3S, 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. In 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 
Has fairly widespread, 2lthough 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 lon_gest duration of use. In 
1983, only 11,000-14,000 geese staged on ANWR, and these were dispersed over 
much of the coastal plain. In 1984, the concentration areas were between the 
Jago and Okerokovik Rivers, in the Jago Bitty and Pilak hills area, and along 
the upper and lower Aichilik River. The heaviest concentrations in 1985 
( 102,000 geese) occurred in the foothills between the Aichilik and Okpilak 
River·s. 
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and probably leave the Banks Island nesting area at approximately the same 
time (Johnson et al. 1975 ) . Birds may stop over on the Bath hurst and Parr y 
Peninsulas for up to a week and then move west . During a normal year, the 
westward movement is followed by a l or 2 week period of little 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 l977a, b) or 
available food resources (Koski l977a, Brackney et al. l985a). The dates of 
the major arrival of snow geese on the ANWR coastal plain from 1971-1985 we re 
26 August to l September, and dates of major departure from the coastal plain 
were 15-19 September. The first westerly migrating flocks have been sighted 
between 15 and 24 August, with the earliest major influx of snow geese on to 
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 
s t aging 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, whic h 
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 t he 
weather conditions. 

Estimations of age-ratios were used as indicators of population productivity . 
Percent young observed varied annually from 0 .1% juvenile birds in 197 4 t o 
over 54% juvenile birds in 1973 and 1975 (Fig. 33). Productivity of t he 
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 tendency to yie ld 
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 f or 
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 wi de 
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. In 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 Rive rs· 
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 ll, 000 - 14,000 geese staged on ANWR, and these were dispersed over 
much of the coastal plain. In 1984, the concentration areas were between the 
Jago and Okerokovik Rivers, in the Jago Bitty and Pilak hills area, and alon~ 
the upper and lower Aichilik River. The heaviest concentrations in 198? 
C 102 , 000 geese) occurred in the foothills between the Aichilik and Okpi lak 
Rivers. 
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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 
year (Brackney et al. l986b) 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 
107 4) . Patterson ( 197 4) documented increases in body weights of 14 .3% in 
adult males, 17.1% in adult females, 9 .5% in juvenile males 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. 
(l986b) on the ANWR coastal plain increased substantially betwPen arrival and 
departure (Table 14). Incoming 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 f~und by Wypkema and Ankney 0979) 
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. l986b). 

Fat reserves during staging Flight range (km) 
Sex Year Arrival Departure Arrival Departure 

Adult males 1984 22fi + 64(f,)b 653 + 42(3) 324oa 7699 
1985 239 + 102(10) 594 + 93(14) 3338 7559 

Adult females 1984 243 + 179(3) 587 ~ 21(3) 3268 733S 
1985 251 + 125(14) 559 -:;: 119(10) 3554 7726 

Juvenile males 1984 99 + 46(4) 412 ~ 101(7) 1297 5899 
1985 141 + 56 (lO) - 320-:;: 127(7) 2075 4560 

cTuvenile females 1984 -- 411 + 71 ( 6) -- 5746 
1985 131 + 40(7) 

- 316 + 121(4) 2074 4904 -

a Based on a 70 km/hr flight speed, 80% utilization efficiency of fat, 2% 
mlnlmum fat reserve, and a flight cost of ll .0 x basal metabolic rate. 

b Mean + SD ( n) . 

In 1984-1985, staging adult geese spent about 8.3 h per day feeding and 
juvenile geese fed approximately ll. 7 h per day to acquire the observed energY 
~n+-a 1ce (P;-oa:ckney et al. J986b). Foods found in the esophageous of 74 snoW 
geese collected in 1984-1985 consisted of 72.4% cottongrass (Eriophorum ~.) 
tubers and shoots (aggregate dry weight), 15.4% horsetail (Equisetum ~.) 
shoots, and 7.0% sedge (Carex spp.) (Brackney et al. l986b). 

Spindler (l978b) characterized the vegetation types within areas utilized bY 
g~ese in 1978. The areas were composed. of moist tussock--dwarf shrub ~u~dr~ 
'.Hth lesser amounts of wet sedge and molst sedge tundra. The areas utlllZe 
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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 
IFig. 38) or contained a consistently higher proportion of the population each 
year (Brackney et al. l986b) although the inland areas between the Aichilik 
3nd Hulahula Rivers north of the 305 m contour contained birds in all years. 
The area between the upper Aichilik and the Okpj_lak 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 
197 4) . Patterson ( 197 4) documented increases in body weights of 14 .3% in 
adult males, 17.1% in adult females, 9 .5% in juvenile males 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). Incoming 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 0979) 
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 22h + 64(fl)b 653 + 42(3) 324oa 7699 
1985 239 2:_ 102(10) 594 + 93(14) 3338 7559 

Adult females 1984 243 2:_ 179(3) 587 ~ 21(3) 3268 7 33'5 
1985 251 + 125(14) 559 ~ ll9(lO) 3554 7726 

Juvenile males 1984 99 + 46(4) 412 ~ 101(7) 1297 '5899 
1985 141 + 56(10) 320 ~ 127(7) 2075 4560 

Juvenile females 1984 -- 411 + 71 ( 6) -- 5746 
1985 131 2:_ 40 ( 7) 316 + 121(4) 2074 4904 

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 + SD ( n) . 

In 1984-1985, 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 
intake (Brackney et al. J 986b) . Foods found in the esophageous of 74 snoW 
geese collected in 1984-1985 consisted of 72.4% cottongrass (Eriophorum ~.) 
tubers and shoots (aggregate dry weight), 15.4% horsetail (Equisetum ~.) 
shoots, and 7.0% sedge (Carex spp.) (Brackney et al. 1986b). 

Spindler 0978b) characterized the vegetation types within areas utilized bY 
geese in 1978. The areas were composed of moist tussock--dwarf shrub tundr~ 
h7ith lesser amounts of wet sedge and moist sedge tundra. The areas utilize 

147 

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. 1986 b), or other sui table 
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 cot tongrass 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 4-6 June. Upon 
arrival at Okpilak on 6 June 1982, flocks totaling 680 were counted, and on 7 
June 1300 brant flew over the area. In 1985, large flocks of brant moved 
eastward between 2 and 11 June. In 1980 at Beaufort Lagoon, Levison (lq80) 
counted 2447 birds between 26 May and ll June. At the Canning Delta in 1979, 
peak 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 
mudflats in early to mid-June near the Okpilak Delta where they grazed on 
~cinellia phyrganoides and Carex subspathacea. These mudflats may be 
Critical to brant during spring migration since there are often limited 
amounts of snow-free vegetation at this time. 

~n ANWR, brant nested on islands and peninsulas within basin-complex and 
i looctect tundra wetlands. Brant were found breeding on the ANWR coastal plain 
sn a small colony of 15 pairs at the Okpilak Delta in 1078, and bY'oocs ;,:ere 
a e~n at Beaufort Lagoon in 1970 (Schmidt 1970), and at Canning Delta in 1979 
a~t 1

980. Brant were not known to breed on the Okpilak Delta in 1982, 
dur~ough 1 nest was found in 1983, and a small colony of 6 nests was found 
ap lng early to mid-June 1985 with an average clutch of 4.6 egp;s. All eggs 
1'h~arently .hatched between 25 June and 3 July, and no broods were observed. 
lg78 t"'ecoclal young are usually led to the shore by the adults (Harrison 
•ossy .. A single brant nest was found on 4 July 1984 at Jago Delta on a small 

lsland 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 indicated 
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) and 
14 August 1980 (Levison 1980). Peaks of fall migration in 1980 occurred 26 _. - , 
~'9, 30, 31 August, and 1-3 September. A total of 28,86 3 brant were counted 
migr·ating west past Pingokruluk Point during the 1980 fall migration watch, 
vrith 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 
lg'79 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 
2nd nearly equals the estimated total of 26,000 observed during spring 
migration along the Yukon coast (Richardson and Johnson 1981). Large 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 
SO, but some exceeded 450 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 
19n 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 
bas tn-complex Hetlands 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/km2 in 1979 and 0.30 nests/km2 

i_n 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 
h2 itat, 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 
~ate June-early July as non-breeders and failed breeders vacated tundra 
habitats and were seen migrating west, probably to Teshekpuk Lake (Derksen et 
,ql. 1981, Martin and Moitoret 1981). Some birds which do not reach Teshekpuk 
:,"-!ke before losing flight may spend the wing-molt period in ,July in river 
delta habitats on the ANWR study area, as did the 65-90 flightless Canada 
geese observed at the Canning Delta in late July 1979. On 7 August 1985, 
30-("",Q individuals foraged in Moist Sedge-Shrub habitat on the Okpilak River 
Delta. Eastwa1·d fall migration began mid-August and lasted until the end of 
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the month. Over 20 Canada Geese with at least 4 full grown goslings Here 
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 Sadlerochit 
Springs on 22 May 1979 (Robus 1979). Green-winged teal Here usually recorded 
as singles, pairs, or infrequently as small flocks (up to 16 individuals) 
mostly in June. Ten adults, including at least 3 pair with broods of up to 8 
young were observed in a wet, mossy riparian area at the base of the 
Sadlerochit Mountains south of the Katakturuk camp, on 20 July 1983. One 
female and 5 young were seen on 12 August 1985 on the river at Marsh CreeLc. 
Schmidt ( 1970) found a nest near Beaufort Lagoon, and a female was flushed 
from a nest in Mosaic habitat at Okpilak on ll June 1985. Late-summer 
observations were uncommon: l individual at Aichilik on 13 August 1985, and l 
bird at Niguanak on 27 August 1985. 

MALLARD - Uncommon migrant, rare breeder. Small groups of 1-3 mallards 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 Has made at a large lake 
11.5 km southeast of the Jago Bitty camp. On 2 July 1983, 4 pairs were noted 
at the lake, followed by a sighting of 8 adults and 10 ducklings on 25 July. 
Levison (1980) observed mallards in groups of 1-15 birds on 8, 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 breede~. 

Spring migration is probably both east to west (from the Mackenzie Valley we~t 
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. Open Hater 
at river delta mouths in late May-early June usually attracted the first 
pintails until open water became available in Hetland 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, Hith 5.3 and 4.6 birds/km2, respectively. Both densities were 
lower than studies at Prudhoe Bay and sites west of ANWR (Derksen et al. 1981). 

Population 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/km2 ) and 

Riparian ( 1.0 nests/km2) . Clutch size ranged from 6 to 8, and nest sites 
Were commonly in protected microsites near ponds, lakes, or small river 
Channels. Hatch dates extended from 30 June through mid-July, and females at ~ · 

tended broods on small ponds. 

The ANWR coastal plain also provided molting and staging habitat in the form 
Of . 
(B 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 
mld-to-late July, birds undergoing wing molt were observed in Flooded 
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\,·r"s ?tandoned on ll July; the remains of 3 eggs broken at l end indicated 
n~edation by glaucous gulls or parasitic jaegers, species that were present in 
,.,,f, arEa I·Jh::n the nest was first visited. 

~all migration past Beaufort Lagoon began on 22 August 1970 (Schmidt 1970) and 
li.; ur:,Ast 1980 (Levison 1980). Peaks of fall migration in 1980 occurred 26, 

~:u, 31 At;gust, and l-3 September. A total of 28,863 brant were counted 
rni;;:> ~,_r west past Pingokruluk Point during the 1980 fall migration watch, 
·.·cc_r· 1.6,452 others being counted on l September (Levison 1980). This is the 

lc-·hcst act!Etl count made on ANWR. Fall migration past r:anning Delta was 
fir3t observed on 17 August 1979 and 18 August 1980. Duration of the 
i~r~ticn in both years was about 3 weeks. The peak of the fall migration in 

;_:,7 was from 24-26 August, but in 1980 it was delayed by strong westerly 
·:i 'Y~s unt_; l l() September. In both years at Canning Delta, fall migration 
•:ended to be more evenly spread through time than the spring migration. The 
total c0unt of brant passing Canning Delta in 1979 was 24,627, nearly double 
tkc previous eastern Beaufort Sea coastal fall count of 14,806 made by 
h~einsburg (1974) on 25 August-6 September at Nunaluk Spit, Yukon Territory 

~GC nearlv equals the estimated total of 26,000 observed during spring 
m:i•ration along the Yukon coast (Richardson and Johnson 1981). Large flocks 

l'at-.ed westward along the Jago Delta coastline in late August, vii th the 
l~·gest movements noted on 23 August 198~. Flock size often ranged from 25 to 
~ . hut some exceeded 450 individuals. Lagoon surveys conducted between 16-22 
August ~82, 1983, and 1984 estimated an average of 1226 geese that was 
CcNii:'J:'isec! largely of brant (see Fig. 29). Brant migrate in spring and fall 
:::il:)ng or close to the coast fr·om the Mackenzie River west to about Cape 
~-l::iJ / ~;t t" 

~nJJl.D.!l. Gn·_csE - Uncommon breeder in coastal river deltas and drained-basin 
.,,et.:.a-;:;·d's;---u;common to fairly common migrant on coastal plain. The species 

iR:r-ates in lovJ numbers into the area ir1 spring from the east and departs in 
':he f'=lH tu the east (Salter et al. 1980) . Reported arrival dates were 27 May 
i.r'7 and 20 10ay lQ80 at Canning Delta; 16 May 1979 at Sadlel"ochit (Rebus 
~cn~11, 11 .June 1978 at Oko'lak Delta, and 6 June 1980 at Beaufort Lagoon 
.Le\i:3on lQ80). On the ANWR study area, nesting was observed on islands in 
b:) ., -,-cc•mplex Hetlands surrounded by deep water. Incubation was initiated on 

·'ure 1979 at Canning Delta; the first brood was observed on 5 July 1979. 
'!< J Lnp- density was estimated at 0 .25 nests/km2 in 1979 and 0 .30 nests/km2 

:; 
0 80 in the fevJ areas in which nests were found. Successful nesting at 

c l.ielta /.las confirmed by the presence of 5 goslings with adults in Flooded 
, :t2t, on 7 July 1984, and by a sighting of young with a flock on lq JulY 

Dn6 nest was found at Okpilak on ll June 1985 which was being 
~"~ate:,'" The nest contained 6 eggs on 25 June, 4 eggs on 30 June, and was 
'"ci erne em 8 July l 985. At Canning Delta, adults with broods moved to 
-~~ i~kes and salt water in lagoons shortly after the hatch. 

•.L,-
1
/I.'J" the breeding- season a mo1t migr2tio:1 to t"Jc \·:est •v~-a.:; a;::;;::;arent in 

~~t Ju~e-early Julv as non-breeders and failed breeders vacated tundra 
··"i' '''<s :1nd wer·e seen migrating west, probably to Teshekpuk Lake (Derksen et 

J, ~lar·tin and Moitoret 1981). Some birds 11hich do not reach TeshekpUk 
'•.:,.);·e losinv flight may spend the wing-molt period in July in river 

" h2 i tats on the ANHR study area, as did the 65-ClO flightless Canada 
.Tc-. •. :-cor·;e~ at the Canning Delta in late cTuly l97Q. On 7 August 1985, 

'"z:ii·fiduals foraged in Moist SedR;e-Shrub habitat on the Okpilak River 
cc:- ••.:a:·C: fall migration began mid-August anc! lasted until the end of 
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the month. Over 20 Canada Geese with at least 4 full grown goslings viere 
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 Sadlerochit 
Springs on 22 May 1979 (Rebus 1979). Green-winged teal were u;:-ually recor·ded 
as singles, pairs, or infrequently as small flocks (up to 16 Lndividuals) 
mostly in June. Ten adults, including at least 3 pair with broods of uo to 8 
young were observed in a wet, mossy riparian area at the base of the 
Sadlerochit Mountains south of the Katakturuk camp, on 20 July laS~. 'Jne 
female and 5 young were seen on 12 August 1985 on the river at t0arsh '>"eei.:. 
Schmidt ( 1970) found a nest near Beaufort Lagoon, and a female was flushed 
from a nest in Mosaic habitat at Okpilak on ll June l 985. Late-sumrne1' 
observations were uncommon: l individual at Aichilik on l? August lQ85. and l 
bird at Niguanak on 27 August 1985. 

MALLARD - Uncommon migrant, rare breeder. Small groups of 1-3 mc:1.l::.arrls wer'e 
infrequently observed in Flooded or Riparian habitats during late May an.rl 
early June primarily at the ANWR coastal study sites. The o~ly breed 
observation for mallards on the ANWR coastal plain was made at "" lar;'~e lak 
11.5 km southeast of the Jago Bitty camp. On 2 July 1983, 4 pairs were noted 
at the lake, followed by a sighting of 8 adults and 10 ducklings on 25 July. 
Levison (1980) observed mallards in groups of l-15 birds on 8, o, 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 bree~c~. 

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. l 075) . 
Arrival on the ANWR study area occurred in late-May to early-June. Open water 
at river delta mouths in late May-early June usually attracted +:he first 
pintails 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 observec dailv 'i'1 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/km2, respectively. Both densitjes were 
lower than studies at Prudhoe Bay and sites west of ANWR (Derksen et al. lOBl). 

Population 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/km2) and 

Riparl· r, "' <- " ?, "l t h ~·~ an 1.1. .u nesc-s 1 ,.cm~ 1 • \_, u c 1 olLe rar1ged 
Were commonly in protected microsites near 
Channels. Hatch dates extended from 30 June 
attended broods on small ponds. 

Q 

~ ' (:. and fro~ to 
ponds, lakes, or 
through mid-July, 

nest -.,..! J_ 

2J_..:_ 

small river· 
and females 

The ANWR coastal plain also provided molting and staging habi.tat in the form 
or ba . (
8 

Sln-complex, beaded stream, and Flooded tundra wetlands. In earlv cTllly 
July 1978) flocks as large as 23 birds were observed at Okpilak Delta. In 

mid-to-late July, birds undergoing wing molt were observed in Flooded 
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Arctophila and Carex habitats. Wetlands with extensive Arctophila were used 
bv molting pin tails 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. 

East1-1ard 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 pin tails 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 5-25 individuals (mostly juveniles) were observed on 
coastal 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 migrant 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 
lY70. From l to 3 individuals were seen on 1l 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 l to 4 birds 
\-Jere observed on 10 dates from 7 June through 14 August, and a few shovelers 
proC>ablv molted in the area using dense Arctophila beds for cover during the 
molt. 

EURASIAN 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 l978a). 

AMERICAN 1-!IGEON - Uncommon to fairly common migrant. The earliest 
observations during spring migration were on 22 May 1979 in the interior 
coastal plain at Sadlerochit Springs (Rebus 1979), where open water most of 
the winter provided an attractant for early-arriving waterbirds (Spindler 
l979b) . 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 0970) recorded 3 
flocks in the Beaufort Lagoon area, with a maximum of 50 seen on 24 June 
1070. No 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 
uncommon summer visitant. Greater scaup were seen regularly along the coast 
__,,,,,, ... , ~rr··',,~ .-,"~-~~ .. l·on E~r, "e~t o"serva'"l·on ··a~ l June 198c: at s~dlorochit -~00..1. __._1.1.('=:) Uf-1 ..l...J.lQ uJ...LF;l ctu • 'd. J.._J_ 0 U L- W 0 1, _ -' Cl.. '-' 

~afSOOY;. Sightings through June were fairly common of single birds and flocks 
:OHimtning and feeding in lagoons with oldsquaw and scoters. A flock of 5° 
scau~ in a raft of seaters was noted at Aichilik River delta during the last 
'deek 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 a 
hen remained in a small, drained-basin wetland at Okpi lak delta from 11-29 

Jun0 in 1978. A single inland sighting was made of a scaup which flushed fr~ 
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 in lagoons during aerial surveys varied 
considerably from 1981-1985. A maximum of 46 were recorded on 25 Jul v l 082 
(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 ll 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 0974) estimated that over a million eiders summer in the Beaufort Sea 
area, and that slightly less than half are common eiders. In spring, common 
eiders 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) is 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 l978b) 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 (l978a) found the 
following number of nests in 1975 and 1976: Konganevik Point Island (8), Arey 
Island 0), Arey Spit 0), Bernard Spit (1), Jago Spit (4), Egaksrak Island 
(l), S. of Siku Entrance (6). Schmidt 0970) found 23 active nests on 2 reefs 
1 ·6 km 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 
~l"'~eys. An eider nest was discovered on the bank of the Sadlerochit River 1 

lnland from coast in 1984 and 1985. 

T~e earliest documentation of westerly migration of non-breeding eiders is 
~ld-June. Martin and Moitoret (1981) noted extensive use by eiders in a 

5~Ve1oping shore lead between Flaxman Island and Brownlow Point with at least 

0 
0-8oo birds present on 27-30 June 1979, and 200 eiders were observed in an 

PP~n lead off Brownlow Point on 10 July 1979. Comparable use of the Brownlow 
01

nt area by eiders was not seen in 1980. 
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Arctophila and Carex habitats. Wetlands with extensive Arctophila were used 
by molting pin tails 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. 

Eastward 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 pin tails 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 5-25 individuals (mostly juveniles) were observed on 
coastal 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 migrant 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 
1Ci70. From 1 to 3 individuals were seen on 4 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 l to 4 birds 
t-.rerp observed on 10 dates from 7 June through 14 August, and a few shovelers 
orobably molted in the area using dense Arctophila beds for cover during the 
molt. 

E!JRASIAN 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). 

At-1ERICAN HIGEON - Uncommon to fairly common migrant. The earliest 
"bscrvations 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 0970) recorded 3 
""loc;Y.s in the Beaufort Lagoon area, with a maximum of 50 seen on 24 June 
1970. No 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 
'>':,cv;nlY;c)n summer· visitant. Greater scaup were seen regularly along the coast 
during spring migration. Earliest observation was l June 108~ at Sadlerochit 
,,ag,)o~,. Sightings through June were fairly common of single birds and flocks 
:,w-:;_a,,Ging and feeding in lagoons with oldsquaw and scoters. A flock of 50 
scaup in a raft of scoters was noted at Aichilik River delta during the last 
:;;eek 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 a 
l1en remained in a small, drained-basin wetland at Okpilak delta from ll-29 
Jun2 in 1978. A single inland sighting was made of a scaup which flushed from 
t0ll ~illows 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 in lagoons during aerial surveys varied 
considerably from 1981-1985. A maximum of 46 were recorded on 25 Julv 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 ANHR occurred on ll 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 0974) estimated that over a million eiders summer in the Beaufort Sea 
area, and that slightly less than half are common eiders. In spring, common 
eiders 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 l 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) is 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 l978b) 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 Cl978a) found the 
following number of nests in 1975 and 1976: Konganevik Point Island (8), Arey 
Island (l), Arey Spit (1), Bernard Spit (l), Jago Spit (4), Egaksrak Island 
(1), S. of Siku Entrance (6). Schmidt (1970) found 23 active nests on 2 reefs 
1.6 km 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 l 
~inland from coast in 1984 and 1985. 

The earliest documentation of westerly migration of non-breeding eiders is 
mid-June. Martin and Moitoret (1981) noted extensive use by eiders in a 
developing 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 
Open lead off Brownlow Point on 10 July 1979. Comparable use of the Brownlow 
Point 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 movement 1.vas 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 
mLgration. 

During the molt migration and fall migrati_on, eiders stop and rest in the 
coastal lagoons and nearshore waters of ANWR (Spindler l979a, Bartels and 
Zellhoefer 1983). Eider numbers (not identified by species) averaged 351-373 
bi_rds in lagoons and on the offshore transect in late Julv through early 
August 1981-85. Mean numbers showed a d01-mward trend through August and rose 
sl ip;htly in September. At Simpson Lagoon, eider densities offshore in the 
Beaufort Sea peaked at 1 .5 eiders /km2 on 28 and 29 July 1977. Along the 
south shore of the barrier islands, densities peaked at 1 .6 eiders /km2 on 28 
to 29 July 1979 (Johnson and Richardson 1981) • Densities along the shoreline 
and mainland varied from 0 to 1 .2 and 0 to l .8 eiders/km2, and eiders 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 Brownlm.v Point, small numbers migrated west 
between 14-31 August 1979, most of which were females and juveniles. 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 l September. 
Ry comparison, Johnson and Richardson (1981) counted a peak rate of 47 
birds/day between 21 August and 22 September 1977 and 135 birds/day in 1978 at 
Simpson Lagoon. They observed eiders in Harrison Bay 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 l98lb) 
and 20 September 1981 (Spindler l98lb). Observations by Bartels (1973), 
ivatson and Divoky 0974), and Divoky 0978a) 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 (1974) 
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 
probably occurs in the Beaufort Sea offshore of AN1dR (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 Richard son ( 197S) suggested 
that they probably arrive in offshore leads and polynyas around the third or 
foUJ~th week of May. Martin and Moitoret (1981) reasoned that "since king 
eiders probably arrive in the Canadian arctic during the last 2 weeks of MaY• 
the Alaska breeders must either wait in offshore leads for snow on the tundra 
to melt and /or there is a secondary movement of local breeders along the 
Beaufort Sea coast in late May or early June." 
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During a migration watch at Simpson Lagoon in 1977, king eider movement 
eastward peaked between 7-13 June (Johnson and Richardson 1981). Arriv2.1 
dates for king eiders on the ANWR and nearby areas were 14 May through 7 June 
(Brooks 1915, Dixon 1943, Johnson et al. 1975, Spindler 1978b, Martin and 
Moitoret 1981). At the Canning Delta eastward migration was not detected: 
birds 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 l 
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 tundr2 
with shallow-Carex ponds, and the deep-Arctophila portions of Flooded 
habitat. To the west of ANWR, at Storkerson Point, they Here 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 evidenL- past Canning Delta in either 1979 or 1980, 
although, a feH males were seen flying west on 1 August 1980. At Simpson 
Lagoon, Johnson and Richardson (1981) noted a medium-sized westvJarc movement 
totalling 1,9::51 birds between 1-31 July 1977, most of which moved throw:z:h 
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 1077 molt 
migration at Simpson Lagoon (1,910 and 1,931 respectively). At Canning DPlt2 
in 1979 and 1980, common eiders were by far in the majority curing the rnc 'r 

migration period (Johnson and Richardson 1981, Martin and Moitoret 1081.'. 
Barry reported over l million king and common eiders migrating west•.1ard oast 
the Mackenzie River delta. Schmidt (1970) reported "a feH small flocks" 
flying past Angun Point during late August and early September 1970. Johnson 
and Richardson (1981) counted only 5 king eiders during intensive fall 
migration Hatches at Simpson Lagoon. Most king eiders have left the coast:=t.L 
lagoons along ANWR by September (Spindler 198lb). However, individuals i1ave 
been seen in Barrow coastal waters as late as 9 November and 2 Dece::~hsr 
(Johnson et al. 1975). Eider numbers (both species) estimated from lagoor, 
surveys from 1982-1985 showed a steady decline (Fig. 29c) from a late July 
mean of 351 to 23 in late August and an increase to 206 in September. 

~ECTACLED EIDER - Uncommon breeder in coastal wetlands. The species vJ'ls 
Observed arriving at Canning Delta on 1 June 1979 and c:; June 1980, 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 
~NWR, Schmidt (1970) recorded a pair on a pond in the Aichilik River delta on 
L July 1970, and occasional small flocks along the barrier spits of Beaufort 
Lagoon in late June. Andersson 0973) reported breeding at Nuvagapak ?oin+:. 
Levison (1980) observed 2 birds off shore of the barrier island. at Beaufort 
b:£oon on 24 July 1980, and Brooks (1915) collected '5 at Humphrey Point 

1 Ween 12-26 June 1914. A pair and a group of 2 females and 1 male Here seen 
fn mi~-June 1979 at Demarcation Point (Burgess 1080) and 2 pairs werP observed 
l"oraglng in Flooded tundra during mid-June at Okpilak in 1982. Egg-laying is 
eported t . . o commence on the north slope dur1ng the second week 1n June 
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In both 1979 and 1981 a major westward movement of eiders, of which at least 
90% Here male common eiders, was noted passing Canning Delta from the end of 
July to 10 August. Peak movement Has 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 
eider's/h migrating Hest past Pingok Island on 20-25 July 1977, at which time 
157 Klng eiders/h were reported flying west. During the molt migration 
Johnson and Richardson (1981) estimated that most of the eiders migrated along 
shore] eads and over lagoon ice before breakup, and over the lagoons and open 
c3ea north of the barrier islands after breakup. They estimated a total of 
l,~02 eiders (both king and common) passing through Simpson Lagoon during molt 

:_f£ra t ion . 

During the molt migration and fall migration, eiders stop and rest in the 
coastal lagoons and nearshore waters of ANvlR (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 doHnward trend through August and rose 
slightly in September. At Simpson Lagoon, eider densities offshore in the 
Beaufort Sea peaked at l .5 eiders /km::' on 28 and 29 July 1077. Along the 
south shore of the barrier islands, densities peaked at 1 .6 eiders/km2 on 28 
to 29 July 1979 (Johnson and Richardson 1981). Densities along the shoreline 
and mainland varied from 0 to 1 .2 and 0 to l .8 eiders/km2, and eiders 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 BroHnlmv Point, small numbers migrated west 
between 14-31 August 1979, most of which were females and juveniles. Fewer 
total numbers of eiders Here seen passing Brownlow Point between 19 August and 
1 September 1980, but a peak rate of 45 eiders was observed on l September. 
By comparison, Johnson and Richardson (1981) counted a peak rate of 47 
birds/day betHeen 21 August and 22 September 1977 and 135 birds/day in 1978 at 
Simpson Lagoon. They observed eiders in Harrison Bay as late as 22-23 
September 1977-1979. Common eiders Here observed on lagoon and nearshore 
transects along the ANVlR coast as late as 9-10 September 1980 (Spindler l98lb) 
and 20 September 1981 (Spindler l98lb). Observatjons by Bartels (1973), 
Hatson and Divoky (1974), and Divoky 0978a) 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 aloM 
the ANWR Beaufort Sea coast. The center of abundance of king eiders in Alaska 
is near Point BarroH and eastward (Gabrielson and Lincoln 1959). Barry (1974) 
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 
probably occurs in the Beaufort Sea offshore of ANVlR ( Johnsor et al. 1975) • 
Klng eiders first appear along the eastern Beaufort Sea coastal tundra during 
the first 2 Heeks of June. HoHever, Searing and Richardson 097S) suggested 
that they probably arrive in offshore leads and polynyas around the third or 
four'th week of May. Martin and Moitoret 0981) reasoned that "since king 
eiders probably arrive in the Canadian arctic during the last 2 Heeks of May, 
the Alaska breeders must either Hait in offshore leads for snow on the tundra 
to melt and /or there is a secondary movement of local breeders along the 
Beaufort Sea coast in late May or early June." 
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During a migration watch at Simpson Lagoon in 1977, king eider movement 
eastward peaked between 7-13 June (Johnson and Richardson 1081). Arriv:=J.! 
dates for king eiders on the ANWR and nearby areas were 14 May through 7 ,June 
(Brooks 1915, Dixon 19Ll3, Johnson et al. 1975, Spindler 1978b, Martin and 
Moitoret 1981) . At the Canning Delta eastward mig rat ion was not detec tecl: 
birds arrived and began using overflow water at the river delta and vJater 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 J 
nest at Niguanak (1985) indicated that egg laying began during the second Heek 
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 ANVlR, at Storkerson Point, thev were more common 
nesters in similar Flooded habitats (Bergman et al. 1977). Female adults Hith 
chicks were observed in Flooded tundra ponds at Jago Delta and at Niguanak 
through July in 1985. 

A molt mig rat ion was not eviden io past Canning Delta in either l 979 or lCJ8J, 
although, a few males were seen flying west on 1 August 1980. At Simpsnr~ 

Lagoon, Johnson and Richardson (1981) noted a medium-sized westvJard movement 
totalling 1,9~1 birds between l-31 July 1977, most of Hhich moved throur;t: 
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 Simpson Lagoon (1,910 and 1,931 respectjvely). At Canning Delt2 
in 1979 and 1980, common eiders were by far in the majority during the me•< 
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 feH small f1ocks" 
flying past Angun 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 coast~.! 
lagoons along ANWR by September (Spindler 198lb). 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 
mean of 351 to 23 in late August and an increase to 206 in September. 

,§EECTACLED EIDER - Uncommon breeder in coastal Hetlands. The species VJ:::ts 
observed arriving at Canning Delta on 1 June 1979 and <=; June 1980, and at 
Dernarca tion Bay on 12 June and 26 June (Burgess 1980) . The center of 
~bundance of breeding spectacled eiders on the north slope of Alaska is 

hought to be near Cape Halkett or Cape Simpson (Johnson et al. 1975). On the 
~NWR, Schmidt (1970) recorded a pair on a pond in the Aichilik River delta on 
L July 1970, and occasional small flocks along the barrier spits of Beaufort 
Lagoon in late June. Andersson ( 1973) reported breeding at ~Juvag2pak ?ci::'.:. 
Levison ( 1980) observed 2 birds off shore of the barrier island at Beaufort 
bagoon on 24 July 1080, and Brooks (1915) collected Sat Humphrey Point 
ietween l2-2n June 1914. A pair and a group of 2 females and l male were seen 
fn rni~-.June 1979 at Demarcation Point (Burgess 1080) and 2 pairs were observed 
roraglng in Flooded tundra during mid-June at Okpilak in 1982. Egg-laying is 
eported t . . o commence on the north slope durlng the second week ln 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 l female at Angun 
Point on l 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 0915) saw a female Steller's eider at 
Demarcation Point in l 914. First arrival of the species is probably in the 
first to second week of June. At Storker~on 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 0982, 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 is 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 l984b, 
Brackney et al. 1985c, Brackney et al. l986a). 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 slope 
(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 198° 
at Canning Delta, where 2000 oldsquaw were estimated to have passed at the 
average rate of 30 birds/h (Martin and Moitoret 1981) . In general, spring 

160 

movements 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 
birds/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. 

Oldsquaw were observed using river delta overflow waters as soon as they 
became available (31 May-1 June) on the Canning Delta in 1979-1980 (Martin and 
Moitoret 1981) . The earliest observation of old squaw using tundra wetlands on 
ANWR is 7-10 June (Spindler l978a, 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, old squaw prefer deep Arctophila ponds (Class IV 
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, 9 (34.6%) were located in Aquatic Tundra 
habitat, 8 ( 30 .8%) were in wet graminoid tundra, 3 ( ll .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 l978a, 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 l978a, 
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/km2 in 1979-1980 at Canning Delta (Martin and Moitoret 
1981), and 2 .0 nests/km2 at Okpilak Delta in 1978 (Spindler l978a). 
Densities of adult oldsquaw on the Canning Delta in 1979 decreased from 4 .9 
birds/km2 in June to 1.1 bird/km2 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 /km2 at 6 sites in NPR-A during 1977-1978 (Derksen et al. 
1981) and ranged from 0.3-5.1 in June to O.l-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). In 
NPR-A during 1971-1973, nest initiation ranged from 9-23 June (Bergman et al. 
1977) . 

After mating, male oldsquaw vacate the tundra breeding areas by late July and 
P(resumably go to nearby large, deep, open lakes and coastal lagoons to molt 
Al' t-1 lson 1975, Vermeer and Anweiler 1975, Schamel 1978, Derksen et al. 1981, 
~rtin and Moitoret 1981, Taylor 1986). The occurrence of a mid-summer molt m1 · 

\>1 gration and subsequent use of Beaufort Sea coastal waters by oldsquaw are 
Bell documented (Gollop and Richardson 1974, Johnson and Richardson 1981, 
artels et al. 1984, Bartels and Doyle l984b, Brackney et al. l985b, Brackney 
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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 l 980. 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 0959) . Three males and l female at Angun 
Point on l 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 Storkenwn 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 0978, 1979, Robus 1979), 
Katakturuk 0982, 1983, 1985), Aichilik 0984), Jago Bitty 0985), 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 is 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 l984b, 
Brackney et al. l985c, Brackney et al. l986a). 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 slope 
(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 198° 
at Canning Delta, where 2000 oldsquaw were estimated to have passed at the 
average rate of 30 birds/h (Martin and Moitoret 1981). In general, spring 
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movements 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 
birds/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. 

Oldsquaw were observed using river delta overflow waters as soon as they 
became available (31 May-1 June) on the Canning Delta in 1979-1980 (Martin and 
Moitoret 1981) . The earliest observation of old squaw using tundra wetlands on 
ANWR is 7-10 June (Spindler l978a, 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, old squaw prefer deep Arctophila ponds (Class IV 
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, 9 (34.6%) were located in Aquatic Tundra 
habitat, 8 ( 30 .8%) were in wet graminoid tundra, 3 ( ll .6%) were in partiallv 
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 l978a, 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/km2 in 1979-1980 at Canning Delta (Martin and Moitoret 
1981), and 2.0 nests/km2 at Okpilak Delta in 1978 (Spindler l978a). 
Densities of adult oldsquaw on the Canning Delta in 1979 decreased from 4 .9 
birds/km2 in June to 1.1 bird/km2 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/km2 at 6 sites in NPR-A during 1977-1978 (Derksen et al. 
1981) and ranged from 0.3-5.1 in June to O.l-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). In 

l
NPR-A during 1971-1973, nest initiation ranged from 9-23 June (Bergman et al. 
977). 

After mating, male oldsquaw vacate the tundra breeding areas by late July and 
P(resumably go to nearby large, deep, open lakes and -coastal lagoons to molt 
Al· ~ lson 1975, Vermeer and Anweiler 1975, Schamel 1978, Derksen et al. 1981 
~rtin and Moitoret 1981, Taylor 1986). The occurrence of a mid-summer molt 

m1 · 
\.1 gration and subsequent use of Beaufort Sea coastal waters by oldsquaw are 
Bell documented (Gollop and Richardson 1974, Johnson and Richardson 1981, 
artels et al. 1984, Bartels and Doyle l984b, Brackney et al. 1985b, Brackney 
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and Platte 1986) . However, the proportion of birds molting in ANWR lagoons 
which bred on the ANWR coastal plain is unknown. An obvious westward 
migration occurs during this time (Martin and Moitoret 1981, Spindler l978a) 
and the magnitude of this movement suggests that birds could be arriving from 
some distance to the east ( M. Spindler per com., Gollop and Davis l974b 

' 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 this 
phenomenon occurs frequently, then lagoon use by old squaw is dynamic and the 
numbers of birds present and the individual birds present are not static. 
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. l985c). 

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 ~ ll89.7 SD 
oldsquaw in 10 selected lagoons and a 400 m wide offshore strip. Oldsquaw 
densities averaged 81.4 ~ 3.7 SD birds/km2 (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. In 
comparison, Johnson and Richardson ( 1981) found the peak and average density 
of oldsquaw in Simpson Lagoon was 566 and 145 birds/km2, respectively, with 
an estimated total population of 50,000 birds (in l lagoon) on 28-29 July 
1977. Seasonal abundance of old squaw during l 981-1985 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). 

OldsquaH also use large, deep, open lakes on the tundra for molting (Derksen 
et al. 1981, Taylor 1986). Inland lakes were used more frequently 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, old squaw 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 l984b, Brackney et al. l985b, Brackney et al. l986a). Densities of 
oldsquaw seaward of the barrier islands have rBnged from a low of 19.1 
birds/km 2 on 22-23 July 1981 to a maximum of 123.8 birds/km2 on 18 August 
1984 (Bartels and Zellhoefer 1983, Brackney et al. l985c). 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. l985c). 
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 Here in the lee of the barrier island 
chain. They compared old squaw distribution with prevailing wind pat terns 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 lagoon 
habitats." Brackney et al. (l985c) partitioned radio telemetry and aerial . . d 
survey transect data into gross habitat types and found that oldsquaw selecte 
the aquatic habitat within 200 m of the following areas in order of 
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preference: lagoon side of barrier islands, lagoon mainland shoreline, ocean 
side of barrier islands, passes between barrier islands, and ocean mainland 
shoreline. Use of open water in the lagoons and in the Beaufort sea was lower 
than expected based on the availability of these habitats. Ho11ever, 
behavioral studies found that a higher proportion of oldsquaw in flocks \-Jere 
reeding 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 oldsquaH, 
and open Hater habitats and passes between the ocean and lagoon are important 
feeding locations. Since old squaw 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, Ii_: littoralis and the amphipod 
Onisimus glacialis were the primary food items in the crop and gizzard of S4 
oldsquaw collected by Johnson (1984) at Simpson Lagoon. Mysids comprised 
58.7% and amphipods 14 .2% of the diet by volume. Eighteen oldsqua\-J collected 
by Brackney and Platte ( l 98f>) at Nuvagapuk Lagoon on ANHR contained ~0. ~% 

amphipods, 23 .8c;Z mollusks, and 12 .8% mvsids by volume. Altogether, oldsquaH 
are known to consume fish and prey from 17 major aquatic invertebrate grouos 
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 mig rat ion of oldsquaH along the AN\-JR coast is Hestward and intensive 
during major movements, with a peak of 538 birds/11 observed during systematic 
migration watches at the Canning Delta in 1080 (Martin and Moitoret 1081). 
The actual westHard movement begins with the male molt migration in late June 
and early July. Between 18 and 31 August 1979, Martin and Moitoret (1981) 
observed 4,728 oldsquaH of an estimated 20,800 migrating Hest past the Canning 
Delta. From 18 August to 6 September 1980 an estimated 32,000 oldsquaH 
migrated past the Canning Delta during the first half of oldsquaH fall 
migration. By comparison, Johnson and Richardson ( l 981) counted 33,000 
Oldsquaw flying Hest past Pingok island between 21 August-22 September 1977, 
and estimated that over 100,000 oldsquaw migrated through or past Simpson 
Lagoon. In 1978, they did not see nearly as many oldsquaH migrating west and 
reasoned that "oldsquaws do occur far offshore in the Beaufort Sea during late 
August and September (Searing and Richardson 1975, Di voky l978a) . 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 }-16 September 1975. During migration, individual 
Oldsquaw may use a lagoon for only a short period. Johnson and Richardson 
~l98l) noted "considerable turnover" of individual oldsquaw in Simpson Lagoon 
nrom 22 to 23 September 1977-1979. OldsquaH utilized ANWR lagoon and 
Cearshore Haters as late as 20 September and elsewhere along the !3<?aufort Sea 
oast at Prudhoe Bay as late as 15 October (Johnson and Richardson 1081). 

~ - Uncommon coastal migrant. The species nests mainly from the 
~astern Aleutians and Alaska Peninsula east through interior Alaska to the: 
l~;thwest Territories, northern Quebec, and Newfoundland (Johnson et al. 
to S) · Occurrence of the species on the eastern Alaskan north slope appear-s 
A~ be a 'post-breeding shuffle' and perhaps a westward molt migration. On 

WR' the species has been seen flying Hest past BroHnloH Point: a flock of 
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and Platte 1986) . However, the proportion of birds molting in ANWR lagoons 
which bred on the ANWR coastal plain is unknown. An obvious westward 
migration occurs during this time (Martin and Moitoret 1981, Spindler l978a) 
and the magnitude of this movement suggests that birds could be arriving from 
some distance to the east ( M. Spindler per com., Gollop and Davis l974b 

' 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 this 
phenomenon occurs frequently, then lagoon use by oldsquaw is dynamic and the 
numbers of birds present and the individual birds present are not static. 
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 2:. 1189.7 SD 
oldsquaw in 10 selected lagoons and a 400 m wide offshore strip. Oldsquaw 
densities averaged 81.4 2:. 3.7 SD birds/km2 (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. In 
comparison, Johnson and Richardson (1981) found the peak and average density 
of old squaw in Simpson Lagoon was 566 and 145 birds/km2, respectively, with 
an estimated total population of 50,000 birds (in 1 lagoon) on 28-29 July 
1977. Seasonal abundance of old squaw 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). Inland lakes were used more frequently 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, old squaw 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/km2 on 22-23 July 1981 to a maximum of 123.8 birds/km2 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 
old squaw. 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 old squaw distribution with prevailing wind pat terns 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 lagoon 
habitats." Brackney et al. (l985c) partitioned radio telemetry and aerial . . d 
survey transect data into gross habitat types and found that oldsquaw selecte 
the aquatic habitat within 200 m of the following areas in order of 
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reference: lagoon side of barrier islands, lagoon mainland shoreline, ocean 
~ide of barrier islands, passes between barrier islands, and ocean mainland 
shoreline. Use of open water in the lagoons and in the Beaufort sea was lower 
than expected based on the availability of these habitats. HoHever, 
behavioral studies found that a higher proportion of oldsquaH in flocks Here 
feeding Hhile in passes (53%), and open Hater 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 oldsquaH, 
and open Hater habitats and passes betHeen the ocean and lagoon are important 
reeding locations. Since oldsquaH 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, !:1._: littoralis and the amphipod 
Onisimus glacialis were the primary food items in the crop and gizzard of 54 
oldsquaH collected by Johnson (1984) at Simpson Lagoon. Mysids comprised 
58.7% and amphipods 14.2% of the diet by volume. Eighteen oldsquaH collected 
by Brackney and Platte (1986) at Nuvagapuk Lagoon on AN\r1R contained lO.l% 
amphipods, 23 .8'?1 mollusks, and 12 .8% mysids by volume. Altogether, oldsauaH 
are knoHn to consume fish and prey from 17 major aquatic invertebrate grouos 
in the Beaufort Sea. OldsquaH are apparently opportunistic feeders Hhjch 
consume the most available prey i terns in the highest proportions (Peterson and 
Ellarson 1977, Johnson 1984). 

Fall mig rat ion of oldsquaVJ along the AN\~R coast is Hestward and intensive 
during major movements, Hith a peak of 538 birds/ll observed during systematic 
migration Hatches at the Canning Delta in 1080 (Martin and Moitoret 1081). 
The actual Hestward movement begins Hith the male molt migration in late June 
and early July. BetHeen 18 and 31 August 1979, Martin and Moitoret (1081) 
observed 4,728 oldsquaH of an estimated 20,800 migrating Hest past the Canning 
Delta. From 18 August to 6 September 1980 an esU_mat ed 32,000 oldsquaH 
migrated past the Canning Delta during the first half of oldsquaH fall 
migration. By comparison, Johnson and Richardson (1981) counted 33,000 
Oldsquaw flying Hest past Pingok island betHeen 21 August-22 September 1977, 
and estimated that over 100,000 oldsquaH migrated through or past Sjmpson 
Lagoon. In 1978, they did not see nearly as many oldsquaH migrating Hest and 
reasoned that "oldsquaHs do occur far offshore in the Beaufort Sea during late 
August and 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 0976) estimated that 240,500 oldsquaH migrated 
west past BarroH during 3-16 September 1975. During migration, individual 
Oldsquaw may use a lagoon for only a short period. Johnson and Richardson 
(l98l) noted "considerable turnover" of individual oldsquaH in Simpson Lagoon 
from 22 to 23 September 1977-1979. OldsquaH utilized ANWR lagoon and 
~earshore waters as late as 20 September and elseHhere along the Beaufo~t Sea 
oast at Prudhoe Bay as late as lS October (Johnson and Richardson 1081). 

~ - Uncommon coastal migrant. The species nests mainly from the 
Nastern Aleutians and Alaska Peninsula east through interior Alaska to the 
l~~thwest Territories, northern Quebec, and NeHfoundland (Johnson et al. 
to 5 ) · Occurrence of the species on the eastern Alaskan north slope appears 
AN be a 'post-breeding shuffle' and perhaps a HestHard molt migration. On 

WR' the species has been seen flying west past BroHnloH Point: a flock of 
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50 was seer! on 24 June 1980, and 4 males and a female were observed on 2g 
August 197q. One black scoter was also observed swimming in the sea among a 
gro~1p of white-winged scoters off Brownlow Point. Burgess ( 1980) saw 200 
black scoters on 21 June and 70 black scoters on 28 June flying Past 
Demarcation Point in 1979. Black scoters may also frequent inland coastal 
plain lakes on ANWR; 3 males on 23 June and 1 female on 14 July were seen on a 
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 major breeding areas of the species are in interior 
Yukon, the upper Yukon valley, and the Bering Sea coast (Gabrielson and 
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 fall migration route has also been observed 
(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 
law>o>J 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 seem 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. A 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 .:n birds/km2 in late July 
and early August, and 0.07 /km2 during early September in the transects just 
south of the barrier island chain. Male surf scoters were the identifiable 
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 
eastward in the same numbers in which they were seen migrating 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 us~ 
during spring migration) and then down the Yukon River drainage (Johnson et 
al. 1975). Salter 0974) observed 35 surf scoters flying south up the 
Mackenzie Valley, Northwest Territories between 9 September and 10 October 
1974. 

vlHITE-WINGED SCOTER - Uncommon coastal migrant and summer resident along the 
Beaufort Sea coast of ANWR; possible breeder near inland lakes. The specieS 
is a common breeder in the upper Yukon and Porcupine Valleys (Johnson et ald 
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 Terri tory in early June 
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19
75 (Johnson et al. 1975), and past Canning Delta in early June 1979-1980. 

Birds also may arrive from the south, following rivers and passes through the 
Brooks Range and then eastward along the Beaufort Coast (Bent 1925). First 
arrival dates along the Beaufort coast of ANWR have been 1 June (Canning 
Delta, 1979), 3 June (Sadlerochit, 1984 and 1985), 5 June (Canning Delta, 

19
80), 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 mid-June through late August 1980 at Beaufort 
Lagoon. In 1985, small flocks were seen flying south and southeast as far 
inland as Jago Bit ty 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 maximum number of 
white-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 
seaters during lagoon surveys, little information is 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 
seaters, 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 migrants 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 
observed flying in various directions past Brownlow Point from 20-29 August 
1979. 

f.Q.MMON GOLDENEYE - Rare spring migrant and summer visitant to lagoons and 
coastal wetlands. Two males swam and fed in the ocean near Sadlerochit River 
on 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 
Plumage on 26 June 1975 at Clarence Lagoon, 10 km east of the Canadian 
border. Common goldeneyes have also been recorded in wetlands along 
north-flowing rivers in the Brooks Range (e.g. Hulahula River). 

~N MERGANSER. Casual summer visitor. The only records of common 
~;rgansers on the ANWR coastal plain occurred in the northern-most foothills 
th the Brooks Range in 1985. On 10 June a drake merganser flew north along 
C e Jago River near Jago Bitty and a hen was observed swimming in Okpirourak 
reek on 1 J 1 u y. 

~ASTED MERGANSER Uncommon breeder along rivers of the foothills and 
co and coastal plain; rare breeder along coastal river areas; fairly common 
a astal migrant. Initial spring migration routes into the Beaufort Sea area 
re not known, but Salter et al. (1974) suggested a possible migration down 
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50 w:=1s seen on 24 June 1980, and 4 males and a female were observed on 2g 
August 197 0 • One black scot ec was also observed swimming in the sea among a 
group of white-winged seaters off Brownlow Point. Burgess (1980) saw 200 
black seaters on 21 June and 70 black seaters on 28 June flying Past 
Demarcation Point in 1979. Black seaters may also frequent inland coastal 
plain lakes on ANWR; 3 males on 23 June and 1 female on 14 July were seen on a 
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 major breeding areas of the species are in interior 
Yukon, the upper Yukon valley, and the Bering Sea coast (Gabrielson and 
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 fall migration route has also been observed 
(Johnson et al. 1975, Johnson and Richard son 1981) • The earliest record of 
surf seaters along the ANWR coast was of a flock of males swimming in the 
laP:e>on near Sadlerochit on 7 June 1984. Several groups of from 12 to 53 
seaters 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 seaters seem 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 ~ 
June through 15 July on the lake at Niguanak in 1985. A definite westward 
molt-migration of surf seaters was noted in early July 1980 at Canning Delta. 
Levison (1980) counted 562 surf seaters flying west or using the lagoons near 
or at Nuvagapak Lagoon between 25 June and 4 July 1980. Johnson and 
Richardson 0981) noted 906 westbound and 22 eastbound surf seaters flying 
past Simpson Lagoon during July 1978. 

In 1978-1980, mid-summer densities of surf seaters on the ANWR coastal lagoons 
were estimated during aerial surveys at 0 .24 to 0 .31 birds/km2 in late July 
and early August, and 0 .07 /km2 during early September in the transects just 
south of the barrier island chain. Male surf seaters were the identifiable 
and abundant seater on the AN~IR 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 seaters were not observed returning 
eastward in the same numbers in which they were seen migrating westward prior 
to the molt. Some surf seaters possibly migrated farther offshore or some 
birds migrated south through passes in the Brooks Range (the same passes used 
during spring migration) and then down the Yukon River drainage (Johnson et 
al. 1975) . Salter ( 197 4) observed 35 surf seaters flying south up the 
Mackenzie Valley, Northwest Territories between 9 September and 10 October 1974. 

l'!HITE-vJJ:NGED SCOTER - Uncommon coastal migrant and summer resident along the 
Beaufort Sea coast of ANWR; possible breeder near inland lakes. The specieS 
is a common breeder in the upper Yukon and Porcupine Valleys (Johnson et al· 
1975), an uncommon breeder near eastern Brooks Range lakes and a migrant and 
summer resident in the coastal lagoons of ANWR. Whi te-win~<;ed seaters maY 
arrive in the ANWR coastal region from the west, since eastward movements were 
noted past Nunaluk Spit and Clarence Lagoon, Yukon Terri tory in early June 
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1975 (Johnson et al. 1975), and past Canning Delta in early June 1979-1980. 
Birds also may arrive from the south, following rivers and passes through the 
Brooks Range and then eastward along the Beaufort Coast (Bent 1925). First 
arrival dates along the Beaufort coast of ANWR have been 1 June (Canning 
Delta, 1979), 3 June (Sadlerochit, 1984 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 seaters 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 mid-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 seaters on the lake at Niguanak bird camp. On 10 July 1979, 
a count of 100-150 was made at Brownlow Point. The maximum number of 
white-winged seaters 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 seaters are not readily identifiable from other 
seaters during lagoon surveys, little information is available on this 
species. Johnson et al. ( 1975) stated that "there is little evidence that 
white-winged seaters 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 seaters apparently leave the Beaufort Sea earlier than surf 
seaters, 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 migrants 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 seaters on ANWR are 
insufficient to determine direction of fall migration; drakes and hens were 
observed flying in various directions past Brownlow Point from 20-29 August 
1979. 

.£Q_MMON GOLDENEYE - Rare spring migrant and summer visitant to lagoons and 
coastal wetlands. Two males swam and fed in the ocean near Sadlerochit River 
on 7 June 1984, and Levison (1980) observed l bird near Beaufort Lagoon on 17 
July 1980. Adjacent to ANWR, Salter et al. (1980) reported a male in breeding 
Plumage on 26 June 1975 at Clarence Lagoon, 10 km east of the Canadian 
border. Common goldeneyes have also been recorded in wetlands along 
north-flowing rivers in the Brooks Range (e.g. Hulahula River). 

~N MERGANSER. Casual summer visitor. The only records of common 
m;rgansers on the ANWR coastal plain occurred in the n~rthern-most foothills 
~h the Brooks Range in 1985. On 10 June a drake merganser flew north along 
C e Jago River near Jago Bit ty and a hen was observed swimming in Okpirourak 
reek on l July. 

~ASTED MERGANSER Uncommon breeder along rivers of the foothills and 
co and coastal plain; rare breeder along coastal river areas; fairly common 
a/stal migrant. Initial spring migration routes into the Beaufort Sea area 

e not known, but Salter et al. 0974) suggested a possible migration down 
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the Mackenzie Riner Valley, thence westward along the coast. The earliest 
AN\-JR 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 

;o::_ ver. 

Fvidence of breeding on the ANWR coastal plain includes ~ birds accompanying a 
brood of 9 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 v,restbound molt-migration was noted past Nunaluk Spit, Yukon 
Territory between 10 July and 13 August 1972 (Gollop and Davis l974b). Martin 
and Moitoret (1981) reported a late-August influx of mergansers on the 
Beaufort Sea and lagoon shores near Canning Delta. Most birds app2ared 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 islands. Seasonal occurrence of red-breasted mergansers in coastal 
lagoons increased in late-July and reached a peak of 0.70 birds/km2 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 19~ 
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 sl i.ght: 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 and 
summer, and l pair was observed at Jago Bitty during June and early JulY; 
however, no evidence of breeding Has found. Harriers were also observed ~t 
Beaufort Lagoon in 1970 (Andersson 1973) and l 980 (Levison 1980), Sadlerochlt 
Sorings in 1979 (Robus 1979), and at Canning Delta in 1979. 

GuSriB1.JK - Rare summer visitant to foothills of inland coastal plain· one 
adult was seen at Sadlerochit Springs on 20 May 1079 (Robus 1979) · T~: 
species occurred as an uncommon summer resident at Mancha Creek at t y 
northerlv limit of tree growth in ANWR, and it is likely that individuals rn:l 
occasionally venture out onto the north slope. Irving (1960) reported ~ever~ 
gosha1vks at Anaktuvuk Pass v.:est of ANWR, several km beyond tree-line dra 
1954-1958, and speculated that they may have wandered out on to the tun 

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 l 978. 
One individual was seen at Canning Delta on 9 June 1980. One adult was seen 
at its nest near Eagle Creek in mid-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 3m off the ground) at Beaufort lagoon in 1985. A 
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 300m 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 km 
west-northwest of the springs, where a pair of adults acted defensj_ vely on 
16-18 June 1979. Single nests were found on Katakturuk Bluffs in 198 3 and 
1985, and 6 nests were found along a 5.5 mile section of Igilatvik Creek near 
the Jago Bit ty 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 ( l 978) reported the range of nest in12; 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 

rearinL 

15 June 31 July 

to 21 Aug to 30 Aug 

l May 21 June 

to 15 Aug to 15 Aug 

Peregrine 21 April 15 May 
to 7 May to 21 July 

Gyrfalcon Resident 1 April 
to 30 June 

15 June 31 Julv 
to 21 Aug to 30 Aug 

7 June 
to 30 Aug 
21 June 15 Aug 

Rough-legged hawk 21 April 15 May 

Golden eagle 
to 7 May to 21 July 

l April 1 May 

Snowy owl 
to 15 May to 30 June 

15 May 
to 4 Aug on 

7 July 15 Aug 

to 21 Aug on 
Sh t 

to 7 June 
or -eared owl 7 June 

to 7 July 
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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 Has seen regularly 
in late-June and July at Canning Delta in 1979 and 1980 and at Jago Delta in 
1984. Ten mergansers Here observed in BroHnloH Lagoon on 10 July 1980; most 
sightings at Jago Delta occurred in ponds of Flooded habitat and along the 
river. 

~vidence of breeding on the ANWR coastal plain includes 3 birds accompanying a 
brood of 9 at Demarcation Bay on 7 August 1978, a brood on the Canning River 
inland coastal plain (Valkenburg et al. 1972), and a hen Hith 3 young on the 
Staines River at Canning Delta. A hen Hith 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 driftHood (Godfrey 1966). 

A predominantly westbound molt-migration Has noted past Nunaluk Spit, Yukon 
Territory betHeen 10 July and 13 August 1972 (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 app2ared to be 
males, Hith at least a feH mergansers spending their Hing molt period along 
the Beaufort Sea and lagoon shores, fishing or loafing along the barrier spits 
and islands. Seasonal occurrence of red-breasted mergansers in coastal 
lagoons jncreased in late-July and reached a peak of 0.70 birds/km2 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 Has 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 · 
THo pairs Here observed north of camp at Marsh Creek during the spring and 
summer, and 1 pair Has observed at Jago Bitty during June and early July; 
hoHever, no evidence of breeding was found. Harriers Here also observed at 
Beaufort Lagoon in 1970 (Andersson 1973) and 1980 (Levison 1980), Sadlerochit 
Springs in 1979 (Robus 1979), and at Canning Delta in 1979. 

GOSHA11K - Rare summer visitant to foothills of inland coastal plain. one 
adult Has seen at Sadlerochit Springs on 20 May 1079 (Robus 1979). The 
species occurred as an uncommon summer resident at Mancha Creek at the 
northerly limit of tree groHth in ANWR, and it is likely that individuals ma~ 
occasionally venture out onto the north slooe. Irving (1960) reported sever~n 
goshawks at Anaktuvuk Pass \\est of ANWR, several km beyond tree-line 1 

dra 
lOS4-l95f'i, and speculated that they may have Handered out onto the tun 
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 
Here 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 Has seen at Canning Delta on 9 June 1980. One adult Has seen 
at its nest near Eagle Creek in mid-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 Has caused by an 
abundance of lemmings (Lemmus sibericus and Dicrostonyx torguatus) in the area 
in 1976. A pair of rough-legged haHks attempted to nest atop a collapsed 
steel toHer (approximately 3m off the ground) at Beaufort lagoon in 1985. A 
pair also nested atop a mound in flat open tundra at Okpilak in 1982. Nesting 
areas on the ANWR coastal plain and foothills Here 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 betHeen 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 loHer Carter Creek drainages." Roseneau (1974) and 
Roseneau et al. (1980) reported a rough-legged haHk nest on the bluffs near 
the 300m 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 km 
west-northHest of the springs, Hhere a pair of adults acted defensively on 
16-18 June 1979. Single nests Here found on Katakturuk Bluffs in 1983 and 
1985, and 6 nests Here found along a 5.5 mile section of Igilatvik Creek near 
the Jago Bitty camp in 1985; 7 pairs of haHks Here 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 21 Aug to 30 Aug 
1 May 21 June 

to 7 May to 21 July 
Gyrfalcon Resident 1 April 

to 15 Aug to 15 Aug 
15 June 31 July 

to 30 June 
Rough-legged hawk 21 April 15 ~1ay 

to 21 Aug to 30 Aug 
7 June Golden eagle 

to 7 May to 21 July 
1 April l May 

to 30 Aug 
21 June 15 Aug Snowy OHl 

to 15 May to 30 June 
15 May 

to 4 Aug on 
7 July 15 Aug 

Sh 
to 7 June 

Ort-eared oHl 7 June 
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 common 
summer visitants to the coastal plain in years when calving and post-calving 
caribou were present in the area. Roseneau 0974) reported 33 subadults out 
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 i.n 1984 were of subadult bj_rds. 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 preyin12; on live calves (Roseneau and 
Curatolo 1976, Mauer 1985). Observed locations of subadult golden eagles 
shifted eastward as the Porcupine caribou herd migrated into Canada (Figs. 39 
and 40), but H is not known if individual birds actually followed the caribou 
(Mauer 1985). 

Golden eagles were 1 of the more abundant cliff-nesting raptors in the Brooks 
Range portion of ANWR (Fig. 41) (Roseneau 197 4, Spindler l979b, Mauer 1985). 
On the ANWR coastal plain study area, nesting sites were documented on bluffs 
near the 300m contour line along the Katakturuk River (Roseneau 1974, 
Roseneau et al. 1980). Adjacent to ANHR, nesting was reported in sui table 
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 lm,J 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: l was seen at Demarcation Point in 1978 (Burgess 1980), l 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 DEH-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. Me rUns 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 0974 as cited by Roseneau 1974) 
observed a merlin in the upper Canning drainage. 

RT 

Occurrence on the ANWR coastal plain has been documented 7 times: P. Martin 
( pers. com.) observed l bird near Nuvagapak Point on ll July l 976, Spindler 
( 1978c) observed an adult perched on DEW Hne buildings at Beaufort Lagoon. on I \ 
23 May 1978, l individual was reported by Burgess (1980) at Demarcation po1nt 
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 (wpr coastal tundra and lagoons. Peregrine falcons nestini'; on the 
north slope of Alaska arrive at nest sites between 21 April and 7 May, nesting 
occurs from about 15 Mav to 21 Julv, brood-rearing is from 15 June to 21 
August, fled12;ing occurs between 31 July and 30 August (Table 15, NPR-A Task 
Force 1978). Fall migration is during late August through mid-September 
(Levison 1980, Martin and Moitoret 1981). Routes of migration to and from the 
nesting areas are thought to occur both through the Brooks Range and along the 
Reaufort Sea coast (D. Roseneau pers. comm .) . 
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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 common 
.~ummer visitants to the coastal plain in years when calving and post-calving 
:caribou were present in the area. Roseneau 0974) reported 33 subadults out 
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 live calves (Roseneau and 
Curatolo 1976, Mauer 1985). Observed locations of subadult golden eagles 
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 caribou 
(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 l979b, Mauer 1985). 
On the ANWR coastal plain study area, nesting sites were documented on bluffs 
near the 300m 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 loH numbers south of the continental divide in the Brooks 
Range (Spindler et al. 1980), and Has documented on the ANWR coastal plain on 
3 occasions: 1 Has 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 BroHnloH Point on 27 May 1980 using the DEW-line buildings as shelter 
and feeding on snow buntings. An adult female Has 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 0974 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 Has reported by Burgess (1980) at Demarcation point 
in 1978, 2 observations of single birds Here 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 
mi_grant over coastal tundra and lagoons. Peregrine falcons nesting on the 
nort~ sl~pe of Alaska arrive at nest sites between 21 April and 7 May, nesting 
occurs from about 15 Mav to 21 July, brood-rearing is from 15 June to 21 
August, fled12;ing occurs between 31 July and 30 August (Table 15, NPR-A Task 
Force 1978). Fall migration is during late August through mid-September 
(Levison 1980, Martin and Moitoret 1981). Routes of migration to and from the 
nesting areas are thought to occur both through the Brooks Range and along the 
Reaufort Sea coast (D. Rosene au 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 
beginning in the early 1960's as a result of pesticide contamination of its 
food supply. In 1973, the peregrine falcon was placed on the Endanger<?d 
Species List (Endangered Species Act of 1973, 16 U .S.C. 1531-1543). Because 
of its endangered status, populations and produc ti vi ty of peregrines 
associated with known areas of relative abundance (Col ville and Sagavanirktok 
Rivers) are well documented by annual or biannual surveys (Ambrose et a.l. in 
press). Other areas known to have smaller populations of nesting peregri:Je.s 
(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 
peregrine falcon populations nesting in northern Alaska reached thei.r lowest 
level, approximately 35% of historical levels (Ambrose et al. in press). Over 
the past 10 years, peregrine populations associated with major areas of 
productivity (Col ville and Sagavanirktok Rivers) have gradually increased to 
historic levels (Ambrose et al. in press). In areas where smaller populations 
of peregrines were known historically, nLl!Tlbers 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 ratinga ____ ~n~e~s~t~i~n~g~l~o~c~a~t~l~·o~n~s ____________________________ ___ 

Kavik 2 

Canning 6-7 

Tamayariak 2 

Katakturuk 2-3 

Marsh Creek 2-3 

Carter Creek 2 

Sadlerochit 4-5 

1 reported 

3 confirmed 
3 reported 

1 reported 

1 confirmed 
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small portion headwaters 
and near 610 m elev. 

Between 69° 37' and 
69029' N. Upper 
drainage, between 
69°21' and 69000'N 
below 762 m elev. Best 
locations are generally 
at tributary valley 
entrances. 

Upper drainage, 
primarily the west fork 
between 244 and 610 m 
elev. 

Upper main drainage 
between 305 and 610 m 
elev. 

Lower 4.8- 6.4 km. 

Between 274 and 762 m 
elev., but centered in 
upper reaches and 
Sadlerochit Springs area. 



Table 16. Continued. 

River drainage 

Hulahula 

Okpilak 

Jago 

Aichilik 

Egaksrak 

Ekaluakat 

Siksikpalak 

Kongakut 

Clarence 
(Alaskan portion) 

Habitat 
ratinga 

2-3 

2 

2-3 

3-4 

?-4 

2-3 

1 

5-6 

2-3 

Number of 
nesting locations 

1 reported 

2 reported 

2 reported 

3 reported 

Potential habitat 

Kingak Hill vicinity or 
Kikiktat Mountain 
vicinity. 

VABM Bitty vicinity 
Marie Mountain vicinity 

Primarily between 
69°29' and 69°20' N. 

Primarily 
69 35' and 69 

Headwaters area 

between 
25' N. 

Primarily between 
69 34' and 69 00' N. 

Between 69°29' N and 
U.S.-Canadian Border. 

aHabitat was rated on a scale of 1-10: l=very poor, 5-6=fair, 
lO=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 may 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). In 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 single 
peregrine was also observed in 1985 at bluffs on the Jago River near VABI4 
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• 
jn press) . 

Observations of non-nesting peregrine falcons in the ANWR study area a~: 
fairly common. Peregrines were seen during June and July at Canning Delta 1 r 
1979 and 1980, at Sadlerochit Springs in 1974 (Roseneau 1974), on Bartet 
Island in 1976 (D. Roseneau pers. comm .) , at Jago Bitty in 1982, and a 
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Qkpilak, Jago Delta, Sadlerochit, and Niguanak in 1985. August and September 
observations were made at Demarcation Point in 1979 (Burgess 1980); 
Sadlerochit Springs and 10 km inland along Sadlerochit River in 1979 (Robus 
l979); 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 Point; 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 
falcons. 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. 
coom.) 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 in 
Spindler 198ld). 

Date Number/identity, activity, and location 

18 August 
20 August 
23 August 
24 August 

25 August 

26 August 

27 August 

28 August 

29 August 

30 August 
31 August 
l September 

3 September 

-----

1 
1 
1 
3 
2 

2 

Falcon spp., hunting over tundra, Egaksrak Lagoon. 
Peregrine falcon, adult, flying near Arey Island. 
Peregrine falcon, imm., flyingS over Beaufort Lagoon DEW. 
Falcon spp., flying past Beaufort Lagoon DEW. 
Peregrine falcon, imm., flying past Beaufort Lagoon DEW, 
seemed like hunting in area for few hours then flying S. 
Falcon spp., flying SE past Beaufort Lagoon DEW. 

1 Peregrine falcon, flying E past Beaufort Lagoon DEW. 
1 Peregrine falcon, imm, hunting over tundra near Beaufort 

Lagoon DEW. 
Between noon and 6 p.m. Pingokraluk Pt. 
1 Peregrine falcon, adult, flying, direction unspecified. 
1 Peregrine falcon, imm., flying NW. 
1 Peregrine falcon, imm ., Beaufort Lagoon DEW. 
1 Peregrine falcon, ad., flying west Beaufort Lagoon DEW. 
1 Peregrine falcon, ad., hunting snow buntings at Beaufort 

Lagoon DEW. 
l Falcon spp., flying E along Siku Lagoon. 
1 Peregrine falcon, adult, hunting near Pingokraluk Pt., 

direction unspec. 
1 Falcon spp., migrating by Pingokraluk Pt. direction unspec. 
1 Peregrine falcon, imm., by Pingokraluk Pt. direction unspec. 
1 Peregrine falcon, by Pingokraluk Pt. direction unspec. 
1 Falcon spp., by Pingokraluk Pt. direction unspec. 
1 Falcon spp. hunting over tundra Pingokraluk Pt. 
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Table 16. Continued. 

River drainage 

Hulahula 

Okpilak 

Jago 

Aichilik 

Egaksrak 

Ekaluakat 

Siksikpalak 

Kongakut 

Clarence 

Habitat 
ratinga 

2-3 

2 

2-3 

3-4 

3-4 

~-l 

1 

'5-6 

2-3 

Number of 
nesting locations 

1 reported 

2 reported 

2 reported 

3 reported 

Potential habitat 

Kingak Hill vicinity or 
Kikiktat Mountain 
vicinity. 

VABM Bitty vicinity 
Marie Mountain vicinity 

Primarily between 
69°29 1 and 69020 1 N. 

Primarily 
69 35 1 and 69 

Headwaters area 

between 
25 I N. 

Primarily between 
69 34 1 and 69 00 1 N. 

(Alaskan portion) 
Between 69°29 1 N and 
U.S.-Canadian Border. 

aHabitat was rated on a scale of 1-10: l=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 may 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). In 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 
Aichil ik River south of the study area (M. Amaral pers. comm .) . A single 
PereJC~rine was also observed in 1985 at bluffs on the Jago River near VABM 
Ritty, h'ithin the study area (M. Amaral pers. comm.). Based on recent surveY 
resclts there are slight indications of peregrines re-establishing historical 
nest "'h""' '·''+-hi~ ~,~:\·.'!'l. T:-;is trend is expected to continue, as productivitY 
in the prime habitats Hest of the refuge reaches former levels (Ambrose et al· 
in pc~:::s) 

r]~"<J0 :· 

r0-: r· 
~? (~ 

. c:]3~c: 

-,f 

y, ·: :: ~~ 6 

non-nesting peregrine falcons in the ANWR study area are 
P"'r r"ines \.Jeee seen dueing June and July at Canning Delta in 
it Sadle:'ochit Springs in 1974 (Roseneau 1974), on Barter 
':fl. Roser1eau pers. comm.), at Jago Bit ty in 1982, and at 
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QJ<pilak, Jago Delta, Sadlerochit, and Niguanak in 1985. August and September 
observations were made at Demarcation Point in 1979 (Burgess 1980); 
Sadlerochit Springs and 10 km inland along Sadlerochit River in 1979 (Robus 
l979); Flaxman Lagoon, Brownlow Point, and the West Branch site at Canning 
Delta 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 Point; 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 
falcons. 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, lS August-4 
September 1980 (Source: J. Levison and D. Blomstrom 1980 cited in 
Spindler 198ld). 

Date 

18 August 
20 August 
23 August 
24 August 

25 August 

26 August 

27 August 

28 August 

29 August 

30 August 
31 August 
1 September 

3 September ---

N urn be r I identity, act i vi:_:t:_:!_y..L-...::a...::n-=-d=--=-1-=-o-=c-=-a'--t-=i:...:o-=n=---------------

1 Falcon spp., hunting over tundra, Egaksrak Lagoon. 
1 Peregrine falcon, adult, flying near Arey Island. 
1 Peregrine falcon, imm., flyingS over Beaufort Lagoon DEW. 
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. 
l Peregrine falcon, flying E past Beaufort Lagoon DE1~. 
1 Peregrine falcon, imm, hunting over tundra near Beaufort 

Lagoon DEW. 
Between noon and 6 p.m. Pingokraluk Pt. 
1 Peregrine falcon, adult, flying, direction unspecified. 
l Peregrine falcon, imm., flying NW. 
l Peregrine falcon, imm., Beaufort Lagoon DEW. 
1 Peregrine falcon, ad., flying west Beaufort Lagoon DEW. 
1 Peregrine falcon, ad., hunting snow buntings at Beaufort 

Lagoon DEW. 
1 Falcon spp., flying E along Siku Lagoon. 
l Peregrine falcon, adult, hunting near Pingokealuk Pt., 

direction unspec. 
l Falcon spp., migrating by Pingokraluk Pt. direction unspec. 
l Peregrine falcon, imm., by Pingokraluk Pt. direction unspec. 
1 Peregrine falcon, by Pingokraluk Pt. direction unspec. 
1 Falcon spp., by Pingokraluk Pt. direction unspec. 
1 Falcon spp. hunting over tundra Pingokraluk Pt . 
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G~RFALCON - Uncommon permanent resident nesting on cliffs, outcrops and river 
-tlu7'-;:;-- :~7~rrain of inland coastal plain; rare coastal visitant. Gyrfalcons nest 
earlit:'l~ than other raptor species on the ANWR coastal plain (Table 15). The 
reported range of nesting dates on NPR-A was l April to 30 June, brood rearing 
dates ;._rere l 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 nCJrthenJ 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 
1975, 4 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 migrC~ting birds. Gyrfalcons were rare summer visitants at Aichilik, 
Kat:CJ.kturui<, and Marsh Creek, and rare fall' visitants at Sadlerochit, Marsh 
Cree~. 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 
j_n 1979 and 1980, and on the Sadlerochit River 10 km inland in 1980 (Robus 
lCJ79J. 

HILLOH PTARMIGAN - Fairly common to common inland resident and breeder; 
uncommon 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": l before the end of March and the other after the 
end of March. Will ow ptarmigan arrived on the outer coastal plain in mid to 
late-May (Spindler l978a, Robus 1979, Burgess 1980). Observations of Brooks 
(lQ15) and Martin and Moitoret 0981) 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 willo~ 
thickets of the interior coastal plain. 

Preferred breeding habitat for ptarmigan on the north slope was flat 
tussock-heath tundra with small patches of dwarf shrub or tall shrub if 
available (Spindler l978a, Salter et al. 1980). Hatching g;enerally occurred 
ln late June or early July. Nests 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 111 

1980 · Intense flocking (several hundred) was observed in low willow thicket~ 
along the Kavik River on the interior coastal plain west of ANWR, on 10 Augus 
1981 (Spindler l98lb). Jrving 0960) observed southward movement of will0"' 

ptarmigan through Anaktuvuk P~ss beginning about l October which was not as 
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large as the northward movement in spring. Weeden (1964) ind1cated that there 
was sexual and spatial segregation of willow ptarmigan on the wintering 
habitat, with males more prevalent in alpine habitats and females more 
prevalent in the forested habitats. Porsild (1943) said that willow ptarmi~an 
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 AN~JR is unkno;,n. 
M. and E. Simms of Kaktovik (pers. comm.) reported willow ptarmigan are the 
most frequently seen and hunted ptarmigan species near Barter I~land in 
mid-winter, however, mid-winter populations are very low compared to those in 
April to August. 

ROCK PTARMIGAN - Common year-round resident and breeder on inland coast&l 
plain; common coastal breeder, rare coastal winter' resident. 'Jecy small 
numbers were present in mid-winter near Barter Island ( M. and E. Simms pers. 
comm .) . Irving (1960) and Weeden (1964) stated that rock ptarmigan apparently 
did not undertake the large scale long distance mig rat ions as did Hi llm; 
ptarmigan. 

Rock ptarmigan were observed inland along the Sadlerochit River on 11 May l q 

(Robus 1979), and by the coast at Demarcation Point on 19 May l970 (Bunress 
1980) . The species was seen at Canning Delta by the third week of ~~lay 19 7 9 
and 1980, and was most often seen in late May on vJind-swept coastal or lake 
shore bluffs. Rock ptarmigan were generally more common in drier ucland anc 
Riparian habitats during the breeding season. Nests were difficuJt 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 ptarmjp;an at co.ast~il sites 
and about equal in numbers at inland sites. 

Martin and t-1oitoret (1981) observed post-breeding flocking at Car-mi:w Delta 
the first week of August: "by the end of August, flocks Here sometimes 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 novement 
and wintering areas of these post-breeding flocks is unknown. 'cjseden ( 1961~) 
noted that the build-up of rock ptarmigan in wintering habitat east of 
Fairbanks occurred at or below the lower altitudinal limit of their nestirw 
range in timberline areas in late October and November. Winter movements Here 
largely 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). 

~ILL CRANE - Rare breeder and uncommon summer resident on outer coastal 
~ ain; rare inland spring migrant. Cranes arrived on the outer coastal plain 
ln late May to e,,-,1 ,, Tnno T.rhero they r.rero ofte~ soon f'oedinr<' in "'l~"""'" ~n w •· L-1..~--'-J Cc.A.~'-", VVl..~ '--' .ll • •• .l.'-' 1l '--'>....-.ll .LV ..l..L~_r:.::.., ...Ll.l _;._ -....''-/'-<-'----"'-' \.....'J. 

a;~ Sed~e ~abitats. Spindler (l978a) suspected breeding at Okpilak in 1077, 
are er flndlng a we a the red crane egg-shell in 1978 . In the Beaufort Lagoon 
Jula, groups of 2-4 were seen in 1970, 1974, 1976, and 1080 in late June and 
Ob Y (Andersson 1973, Levison 1980, P. Martin pers. comm.). Robus (lorn 
Co served l bird flying east across the Sadlerochit River 8 km south of the 
an~st on 3 July 1979. Cranes were seen at Demarcation Point in 1978 and 1979, 
see at least l pair bred there in 1979 (Burgess 1980). A pair of cranes was 

n on the west side of Demarcation Bay on 4 August 1981 (Spindle!" l98lbi. 
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GYFlFALCON - Uncommon permanent resident nesting on cliffs, outcrops and river 
bluffter~ain of inland coastal plain; rare coastal visitant. Gyrfalcons nest 
Parlier than other raptor species on the ANWR coastal plain (Table 15). The 
reported range of nesting dates on NPR-A was 1 April to 30 June, brood rearing 
dates 1-1ere 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 
o.nd 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, 4 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, 
l(atakturuk, and Marsh Creek, and rare fall' visitants at Sadlerochit, Marsh 
Creek, 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 
1979). 

WILLOW PTARMIGAN - Fairly common to common inland resident and breeder; 
uncommon coastal resident and breeder, decreasing in abundance northward in 
w·oximity 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": l 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 
0915) and Mart in and Moi to ret ( 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 flat 
tussock-heath tundra with small patches of dwarf shrub or tall shrub if 
available (Spindler 1978a, Salter et al. 1980). Hatching generally occurred 
in late June or early July. Nests were well concealed among sedges, tussocks, 
or low willows. Martin and Moitoret (1981) noted flocking of this species at 
Canning Delta in late August 1979. Such behavior was not noted there in 
1980 • Intense flocking (several hundred) was observed in low willow thickets 
along the Kavik River on the interior coastal plain west of ANWR, on 10 August 
1981 (Spindler l98lb). Irving 0960) observed southward movement of willOW 
ptarmigan through Anaktuvuk Pass beginning about 1 October which was not as 
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large as the northward movement in spring. Weeden (1964) ind1cated that there 
was sexual and spatial segregation of willow ptarmigan on the wintering 
habitat, 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 ANvJR is unkno·.v·n. 
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. 

ROCK PTARMIGAN - Common year-round resident and breeder on inland coastal 
plain; common coastal breeder, rare coastal winter resident. 'Jer'y smc~ll 

numbers were present in mid-winter near Bartel' Island ( M. and E. Simms pers. 
comm.) . Irving ( 1960) and Weeden ( 1964) stated that rock ptarmigan apparently 
did not undertake the large scale long distance migrations as did ldiilm-: 
ptarmigan. 

Rock ptarmigan were observed inland along the Sadlerochit River on ll t~ay lO?CJ 

(Robus 1979), and by the coast at Demarcation Point on 19 Mav :;_g;o (Burv<:?ss 
1980) . The species was seen at Canning Delta by the third week of ~~lay l 9 7 9 
and 1980, and was most often seen in late May on Hind-swept coastal or lake 
shore bluffs. Rock ptarmigan were generally more common in drier upJ:.~nd anc' 
Riparian habitats during the breeding season. Nests were difficuJt to lo:.cate 
as a result of excellent camouflage, cryptic eggs, and reluctance of females 
to flush. Hatching was observed in late June and early July. Females w1th 
broods were seen in Riparian, Tussock, or Moist Sedge-Shrub habitats. Rock 
ptarmigan appeared to be more common than VJilloVJ ptarmip;an at coast~~} sites 
and about equal in numbers at inland sites. 

Martin and t1oitoret (1981) observed post-breeding flocking at Carm Dl?lta 
the first week of August: "by the end of August, flocks 1-1ere sometimes 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 r:JOVefJJent 
and wintering areas of these post-breeding flocks is unknown. T:Jsedsn ( 1964) 
noted that the build-up of rock ptarmigan in VJjntering hab:'. t'3.t e?.st of 
Fairbanks occurred at or beloVJ the lower altitudinal limit of their nestinv 
range in timberline areas in late October and November. Winter movements were 
largely 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). 

~NDHILL CRANE - Rare breeder and uncommon summer resident on outer coastal 
Plain; rare inland spring migrant. Cranes arrived on the outer coastal plain 
in late lv1ay tc ea~ly June, where they we~e ofte:-:t seen feeding in ~lc:oded c~ 
Wet Sedge habitats. Spindler (l978a) suspected breeding at Okpilak in 1977, 
after finding a weathered crane egg-shell in 1978. In the Beaufort Lagoon 
area, groups of 2-4 were seen in 1970, 1974, 1976, and 1980 in late June and 
July (Andersson 1973, Levison 1980, P. Martin pers. comm.). Robus (lq7o) 
Observed l 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 least l pair bred there in 1979 (Burgess 1980). A pair of cranes was 
seen on the \-Jest side of Demarcation Bay on 4 August 1981 (Spindle!' 19811-JI. 
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Martin and Moitoret (1981) obtained 9 records for the species on Canning Delta 
from 3-30 June 1980; most observations were of l or 2 birds flying, but some 
birds were in Wet Sedge tundra or Wet Saline tundra. The regularity anct 
breeding status of the species on ANWR 11ay 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 was 
confirmed east of the ANWR study area (Salter et al. 1980). Fall migration is 
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 migrant, and fairly 
common fall migrant across outer coastal plain; rare inland migrant. 
Black-bellied plovers do not breed in high densities nor do they migrate in 
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 in Mosaic, Wet 
Sedge, and Flooded habitats. Subsequent sigh tings 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 juvenile birds. 

LESSER GOLDEN-PLOYE~ - 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 l978a). 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 (MDist Sedge-Shrub, Tussock, 
and Moist Sedge) was used early in the season for nesting and foraging, June 
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 mid-July and a second peak of migrant juveniles in 
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 flying past the Beaufort Lagoon area betwe~ 
20-25 July and again between 11-24 August 1980 (Levison 1980). Salter et a\ 
(1980) noted eastward fall migration past the Yukon north slope. The lates 
record of the species in ANWR is 5 September 1980 (Martin and Moitoret 1981)· 

SEMIPALMATED PLOVER - Rare coastal breeder and summer visitant; rare breeder 
inland. Semipalmated plovers were closely tied to gravel bars and ~ 
terraces on the coastal plain. Nests consisted of scrapes on bare ground an 
were found on Dryas terraces, along bluffs (at Katakturuk), on river bankS, 
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and on gravel bars . Hatching took place during the last week in June and the 
first 2 weeks in July. 

KILLDEER Casual summer visitant to ANWR coastal plain. Wiggs and Warren (as 
Cited by 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). 

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

1970. 

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

WANDERING TATTLER - Uncommon inland breeder. Wandering tattlers Here observed 
exclusively along foothill rivers of the Hestern ANWR coastal plain. The 
earliest sighting Has 6 June 1985 at Marsh Creek, Hhere on 8 July, 3 adults 
with at least 3 chicks Here 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 Here 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. HoHever, 16-34 km upstream from 
Katakturuk camp, over 15 individuals Here observed in Riparian areas between 
14 and 20 July 1983, suggesting that spotted sandpipers Here more abundant in 
the extensive foothills or alpine tundra areas. One nest Has observed in 
Riparian habitat at Marsh Creek, and the chicks Here 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 1984. 

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

~ - Rare inland breeder; uncommon visitant over entire coastal plain. 
~Sting whimbrels Here observed exclusively at inland foothill locations. "n_ 

~lngle nest, initiated between 10 and 15 June 1985, was located on a hummock 
1~ Wet Sedge at Aichilik bird camp. The nest contained 2 eggs of disparate Sl -
Ch ~e' and Has probably a renest, as 4 eggs are normally laid (Bent 1927) . 
d .leks Here observed on 20 July, Hhich closely corresponded to dates of adult 
p lstraction displays at Jago Bitty and Katakturuk, indicating that Hhjmbrels 
/o~ably bred at these inland foothill locations as Hell. Flocks of 3-18 
l~~lViduals foraged in a variety of habitats at Aichilik during July 1984 and 

5 • Whimbrels Here most commonly observed flying overhead or foraging in 
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Martin and Moitoret (1981) obtained 9 records for the species on Canning Delta 
from 3-30 June 1980; most observations were of l or 2 birds flying, but some 
birds were in Wet Sedge tundra or Wet Saline tundra. The regularity anct 
breeding status of the species on ANWR 11ay 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 was 
confirmed east of the ANWR study area (Salter et al. 1980). Fall migration is 
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 migrant, and fairly 
common fall migrant across outer coastal plain; rare inland migrant. 
Black-bellied plovers do not breed in high densities nor do they migrate in 
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 indi victuals flying through or stopping to forage in 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 juvenile birds. 

LESSER GOLDEN-PLO\TEB_ - 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 l978a) . 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 (MDist Sedge-Shrub, Tussock, 
and Moist Sedge) was used early in the season for nesting and foraging, June 
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 mid-July and a second peak of migrant juveniles in 
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 flying past the Beaufort Lagoon area between 
20-25 July and again between ll-24 August 1980 (Levison 1980). 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 breeder 
were closely tied to gravel bars and ~ 
Nests consisted of scrapes on bare ground an 

along bluffs (at Katakturuk), on river banks, 

inland. Semipalmated plovers 
terraces on the coastal plain. 
were found on Dryas terraces, 
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and on gravel bars . Hatching took place during the last week in June and the 

first 2 weeks in July. 

KILLDEER Casual summer visitant to ANWR coastal plain. Wiggs and Warren (as 
~ 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). 

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

1970. 

LESSER YELLOWLEGS - Casual coastal migrant. One individual Has sighted on 
coastal mudflats south of Barter Island on 26 June 1978 (Spindler l978a) . 
Magoun and Robus ( 1977) observed the "very uncommon" lesser yelloHlegs in 
coastal vegetated mudflats and Moist Sedge terrains. No sightings have been 

reported on the ANWR coastal plain since 1978. 

WANDERING TATTLER - Uncommon inland breeder. Wandering tattlers Here observed 
exclusively along foothill rivers of the western ANWR coastal plain. The 
earliest sighting Has 6 June 1985 at Marsh Creek, Hhere 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 Handering 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. HoHever, 16-34 km upstream from 
Katakturuk camp, over 15 individuals were observed in Riparian areas betHeen 
14 and 20 July 1983, suggesting that spotted sandpi_pers were more abundant in 
the extensive foothills or alpine tundra areas. One nest Has 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 Rohus 1977). The only observation east of the Jago River was at 

Aichilik on 5 June 1984. 

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

Canning River (Kessel and Gibson 1978). 

~ - Rare inland breeder; uncommon visitant over entire coastal plain. 
esting whimbrels Here observed exclusively at inland foothill locations. f'l_ 

~ingle nest, initiated between 10 and 15 June 1985, was located or: a hul'"'mock 
1~ Wet Sedge at Aichilik bird camp. The nest contained 2 eggs of disparate 
Sl -Ch~e, and Has probably a renest, as 4 eggs are normally laid (Bent 1927). 
d . 1cks were observed on 20 July, which closely corresponded to dates of adult 
p lstraction displays at Jago Bitty and Katakturuk, indicating that Hhimbrels 
/o~ably bred at these inland foothill locations as well. Flocks of 3-lR 
l~~lViduals 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 
However, 
in 1979. 

of l to 17 in mesic habitats across coastal areas during July, 
dates of observation at Canning Delta ranged from 6 June to 20 August 

BL.~CK-TAILED GODVJIT - Accidental migrant. One juvenile black-tailed godwit, 
flying east with a flock of long-billed dowitchers, was observed at Jago Delta 
on 2'7 August 1985. 

HUDSONIAN GODWIT - Casual visitant. 
1980. This is the only record on 
Barrow (Kessel and Gibson 1978). 

One was seen at Canning Delta on 5 July 
the Alaska Beaufort Sea coast, east of 

BAR-TAILED GODWIT - Rare spring and fall migrant across the outer coastal 
plain. The majority of bar-tailed godwit sightings were on the western 
pc::ripnery of AN\vR 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 bir'ds except the 14 August sighting of 2 individuals. One pair and a 
single godwit 1vere seen on ll and 15 June 1984, respectively, at Sadlerochit 
bird camp. Dur'ing the same year, solitary birds were observed at Jago Delta 
on 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 iiiparian habitat and mudflats 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 is one of the earliest shorebirds to arrive on the arctic 
coastal olain. Martin and Moitoret (1981) saw ruddy turnstones at Canning 
Delta or1 27 May 1979 and 29 May 1980. Nests were initiated early to mid-June 
jn sparsely vegetated microsites along gravel bars and barren floodplain 
:1abitats (Fig. 3). Generally, 4 eggs were laid and hatching occurred in late 
June and early July. After hatch, adults attended the chicks in gravel bar 
ar·eas 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 infrequently observed alone or 
in small groups on coastal mudflats. 

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

ANWR 
on 5 
side 

Rare spring and uncommon fall coastal migrant; casual inland 
breeder. Sparse numbers of spring migrants passed along the coasta~ 
SANDERLING 

extremities of ANWR during early June. One or 2 individuals, observed on 
occasions in 1980, utilized snowless dunes on the Canning River Delta. Thre; 
s?.nderling::: '.·:ere sighted at Okpilak :Jelta on 2 Ju:1e 1978, and a flock of 1 

adults (some in molt). foraged along mudflats at Sadlerochit on 6 June 1985· 
At the inland Katakturuk bird camp on 14 July 1982, l adult in nuptial plumag: 
Has observed with 2 chicks in Riparian willow and Dryas terrace habitats; thll 
nest was suspected as early as 15 June. Sanderlings primarily reproduce a~l 
the northern coasts and islands of Canada and Greenland (Scott 1983) · F t 
migratior. counts at Brownlow Point peaked on 28 August 1979 when 32 fleW wes 
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in 7 h of observation, and on 30 August 1980, when 40 flew wE 
summer shoreline surveys at Jago Delta in 1985 recorded 4 
August. 

SEMIPALMATED SANDPIPER - Common to abundant breeder and 
semipalmated sandpipers were most abundant across the westerr 
ANWR, especially in areas with extensive Riparian habi 
activities began soon after their arrival in late May 
Clutches were completed and aerial flight displays were ver 
mid-June. Semipalmated sandpipers nested on relatively 
particularly in Riparian zones, but also in Mosaic and Me 
habitats that were proximate to water courses (Figs. 3, 
hatching in early July, this species utilized Riparian or l 
exclusively (Figs. 3, 6). 

Semipalmated sandpipers dispersed from inland breeding areas 
weeks of July and numbers increased on coastal mudflats, lag 
deltas. Early flocks were probably composed of adult females 1 

after the broods hatch (Ashkenazie and Safriel 1979), while tl 
that gathered on coastal mudflats during mid-August were me 
The shifts in habitat use exhibited by semipalmated sandpipE 
overall densities, have been relatively consistent during j 

investigations have been conducted on the ANWR coastal plain. 

WESTERN SANDPIPER - Casual spring and fairly common fall c 
Flocks of l-13 western sandpipers were observed on 10 occas 
August during 1979 and 1980 surveys at Canning Delta. Numbe 
the main movement of semipalmated sandpipers, and utilization 
largely to marine littoral and estuarine habitats. Approximat 
sandpipers foraged with 300 semipalmated sandpipers on the 1 

mudflats on 11 August 1985. Flocks of 3-20 westerns, me 
associating with semipalmated sandpipers, were observed duri 
1985 at the Jago Delta mudflats. Two mid-August sightings 
Sadlerochit in 1984 and 1985. The only spring migrant was a s 
on 15 June 1979 on the shore of Brownlow Lagoon. 

.k§AST SANDPIPER - Rare migrant. Spindler ( l978a) observed 3 lt 
foraging in Wet Sedge habitat on 19 June, and l individual in 
on 20 and 23 June 1978, at Okpilak Delta. During 1985, l leas1 
Sighted on 21 June in Riparian habitat at the Katakturuk bird car 

~E-RUMPED SANDPIPER - Rare spring migrant and uncommon fall 
Western coastal regions; possible rare breeder. The majority c 
~andpiper observations were from surveys at Canning Delta de 
b98o. Groups of l-3 individuals were seen on 4 dates between l 
Oth Years. Sightings included flight displays and utilizatior 

lll~rshes. A total of 41 fall migrants, as singles or in groups 
~served between 6 and 18 August 1980; only l individual was 
a~~t. Sightings were along shoreline transects. Martin and .M' 
Si rlbuted much of the annual variation to inter-year populat1-:.. 
Ye ngle Whi te-rumped sandpipers were observed at several loca ~ 
!1~~~:. 13 August 1984, Sadlerochit; 10 August 1985, Niguanak; l 
00 lhk; l August 1983 and 12, 27 August 1985, Jago Delta 
Riast~l sightings were along mudflats, while inland observa 1 

Parlan habitat. Defensive behavior of adult whi te-rumpe 
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-~2 ,_,,_23 

t,r: 
17 in mesic habitats across coastal areas during July, 

of observation at Canning Delta ranged from 6 June to 20 August 

;_;:!~:~-~:)[ l'ii_'I_ - Accidental migrant. One juvenile black-tailed godwit, 
~a~~ witn a flock of long-billed dowitchers, was observed at Jago Delta 

... ~:.J;-~ust 1g . 

, __ -···------•' "f1~i GODI!IT - Cas•Ja] visitant. 
! y i. 1'lis i_;c the only recorci on 
, u· ·v; ( Ke:~sel aLd Gibson 1978) . 

One was seen at Canning De1 +~a on 5 July 
the Alaska Bec-tUfort Sea coast, east of 

___ ':::_:_i_-.___i.0i;~]D\HT - Rar·e spring and fall mjg:rant across the outer coastal 
oc_air,. The maJority of bar·-tailed godwit sightings \.Jere on the western 
I·T;VJ,r·•: of AN\·IR at Canning Delta (Martin and Moitoret 1981). Observations 
·..;ere rscor·:ied on 5 and 14 August 1979, 4, 6, 16, and 29 June l 0; Cill were 
:3inP;le bir·ds excr?pt the 14 August sighting of 2 individuals. One pair and a 
<n£~~e :';odwit '''f?re seen on 11 and 1'5 June 1984, respectively, at Sadlerochit 
ire c ,n:p. I!ur·ir;g the same year, solitary birds were observed at Jaf!O Delta 

o~ l? June and 18 August. Most bar-tailed godwits were sighted in flight; the 
few or; t;·,e IS'"Ound were recorded in Wet Sedge, R iDarj an, and mudfle±t '12bi tats. 

~U~DY TL~NSTO~E - Fairly common breeder. Ruddy turnstones exclusively 
uti",_izecl Ripscian habitat and mudflats accoss the coastal plain (Fig. 3). 
Den:::u t::;~,~, ',Jece hinher in more northern areas, oossibly ce1ated to the more 
ext~·n.c;i·;e ;u pc>.~'ian zones. Only study sites that included Ripar·ian habitat 
·eoorte~ y2sting tucnstones. From wintering grounds in Australia (Bent 1929), 

tf:e t;"'n:::tone is one of the eacliest shor'ebjrds to arrive on the arctic 
r::cas:-:al olain. Martin and Moitoret (1981) saw ruddy tucnstones at Canning 
:;~;lea o:: ,;·; 1•1ay 1979 and 29 M2y 1980. Nests were initiated eacly to mid-June 
,. spar~ely vegetated microsites along gravel bacs and barren floodplain 
·:::bitats (f'ig. 3). r'}enecally, 4 eggs \-Jere laid and hatchin,f'\ occurred in late 
,Tunr:? a.nci e:c,Y•ly ,July. After hatc;h, adults attended the chicks in gravel bar 
·'"~~'"':l::: '~T o~C3.C31onally /vloist Sedge and Dryas benches (Pig. 3). Ruddy 
:urns tones aggcessi vely defended their nest ~s and young. They dispersed 
from h~eed areas in eacly August, and were infrequently observed alone or 
~i :' smal~ gr'u';ps or; coastal mudflats. 

G2I: . :\NOT - Rare:: coastal migrant. The only red knots observed on the ANWR 
;~;;-;:; al-plain were at Canning Delta. One t.o 4 individuals were sighted on 5 
o~c~sions during June of 1979 and 1980, and 2 juveniles fed on the ocean side 
of the Brownlow Lagoon bacrier islands on 21 August 1980. 

')!\~J :; E ~ L I l\I!= 
·----·---- Rare speing and uncommon fall coastal migrant; casual inland 

Srarse numbecs of spring migrants passed along the coastal 
2"t.Pc::r:: ies ·~'f ANWR during eacly June. One or 2 individuals, observed on 6 
.: . ._;c :,·: ; T 1;; l 980, utilized snowless dunes on the Canning River Delta. Three 
<' 'or~ic!1L ''2~"'0 .c:i ted .J.t c:::-:t::-Li_al< DeLta on 2 June 1978, and a flock of 15 

;W.Jl t c·!O~ in mc;lt) focaged along mudflats at Sadlerochit on 6 June 1985· 
i;i_;_"'.:c; C:atakturuk bicd camp on 14 July 1982, 1 adult in nuptial plumage 

·:,:; '.'ec.; ~~:u, 2 crdcks in Riparian willoH and Dryas terrace habitats; the 
'lt' i .:Led as ear·ly as 1'5 June. Sanderlings primarily ceproduce ~~ 
·n ; ~" oa.sts and J.slar·ds of Canada and Greenland (Scott 1983) · Fa t 

~ ~ v~ rl L Br·ownloH Point peaked on 28 August 1979 when 32 flew wes 
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in 7 h of observation, and on 30 August 1980, when 40 flew west in 6 h. Late 
summer shoreline surveys at Jago Delta in 1985 recorded 4 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 in 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, 
particularly 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 th<:! 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 mid-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 l-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 focaged 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. 

b§AST SANDPIPER - Rare migrant. Spindler (l978a) observed 3 least sandpipers 
foraging in Wet Sedge habitat on 19 June, and l individual in Mosaic habitat 
on 20 and 23 June 1978, at Okpilak Delta. During 1985, l least sandpiper was 
Sighted on 21 June in Riparian habitat at the Katakturuk bird camp. 

~TE-RUMPED SANDPIPER - Rare spring migrant and uncommon fall migrant along 
Western coastal regions; possible rare breeder. The majority of whi te-rumped 
~andpiper observations were from surveys at Canning Delta during 1979 and 
b980. Groups of 1-3 individuals were seen on 4 dates between 1 and 10 June in 
oth Years. Sightings included flight displays and utilization of dunes and 

~~!"shes· A tot::::l of 41 fall migrants, as singles or ir; grcups of 2-ll, ·wel"e 
M served between 6 and 18 August 1980; only 1 individual was seen in 1979. 
a~~t. sightings were along shoreline transects. Martin and Moitoret ( 1981) 
s· rlbuted much of the annual variation to inter-year population differences. 
y lngle whi te-rumped sandpipers were observed at several locations in other 
A~~~~:. 13 August 1984, Sadlerochit; 10 August 1985, Niguanak; 11 August l98S, 
co ll1k; 1 August 1983 and 12, 27 August 1985, Jago Delta. Nearly all 
Riastal sightings were along mudflats, while inland observations were in 

Parian 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 1~ 
Spindler (1978a) to conclude that breeding had occurred. 

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

Canning and Hulahula Rivers, into the alpine meadows of 
(Martin and Moi toret 1981), as well as northward to the 
lag:Jon:s. Clutches were completed by the latter half of 
located within sparse tufts of grass or near debris in 
along gravel bars, river banks, and bluffs (Fig. 3). 

the Brooks Range 
coastal deltas and 
June. Nests were 
well-drained sites 

After the young hatched in mid-July, family 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: dbundance 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 
hlghest 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 
terri tor ies upon arrival, and their display flights were observed throughout 
June; peak courtship activities occurred 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 
(uslially 6-15 individuals) that migrated eastward, across the coastal plain 
during the latter half of July. 

Pectol'al 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 at tended 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 femaleS 
initiating migration. Finally, a large surge of juvenile flocks migrated 
east,tJard 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 200 individuals. 

~HARP~ TAILED SANDPJ:PER - Casual migr.ant. A single ~nd i vidua~ was observe~ 
tor'ag1ng along the bank of a large 1nland lake at N1guanak b1rd camp on 2 
August 1985 .. It was temporarily joined by a pectoral sandpiper. There wer~ 
no previous records of sharp-tailed sandpipers on the north slope (Kessel an 
Gibson 1978). 
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DUNLIN - Uncommon coastal breeder; fairly common fall migrant across outer 
~l 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 
mixed-shorebird flock at Sadlerochit. ANWR may represent the eastern breeding 
boundary 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. 
During 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 slighUy 
higher numbers recorded at the mid-plain thaw lakes area at Niguanak in 1985. 
In all years first observation dates ranged from l-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, Jago Bitty, and 
Aichilik. Male courtship displays appeared to extend through a major portion 
of the incubation period at several locations (from 7 June through 9 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 flight 
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 1q79 at 
Canning Delta. The peak of migration occurred between 8-13 August. 

~FF-BREASTED SANDPIPER - Locally rare to fairly common breeder. Breeding 
densities of buff-breasted sandpipers fluctuated locally on coastal plain from 
1978 to 1985 and showed annual variation in use of breeding habitats at both 
inland 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 
~nd Wet Sedge tundra in 1982, and l pair nested in Riparian habitat in 1983. 

0 nests were found at this study site in 1985. Highest nest densities for 
the entire ANWR coastal plain were observed in 1985 when buff-breasted 
s~ndpipers nested at 7 of 8 locations studied, with 4 nests each at 2 coastal 
Sltes and from 1 to 4 nests each at 5 inland locations. Buff-breasted 
~andpipers were generally present in small numbers when observers arrived 
tetween l-12 June. Males gathered in flocks of 2 to 6 on exposed Moist Sedge 
Undra and Dryas river terraces where elaborate courtship displays peaked 
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, n l 7 and 21 July 1978 in coastal vegetated mudflats at Okpilak lect 
(l978a) to conclude that breeding had occurred. -. --- j c r_~ l >:~ r· 
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Fairly common breeder, uncommon migrant. Baird's 
on the ANWR coastal plain in early June, following their 

YL?,Tat ion from the southern regions of South America (Bent 1927). They 
:E~ ')St abundant within Riparian habitats across the foothills and western 

si.y;;:o of ':he refuge (Fig. 3). Their distribution extended south along the 

earo, 'ng and Hulahula Rivers, into the alpine meadows of 
(~·i'rtin and Moitoret 1981), as well as northward to the 
lc,"' Clutches were completed by the latter half of 

the Brooks Range 
coastal del t3s and 

ir_::,:::c:,teC \·ilthin sr~·a.rse tufts of grass or near debris in 
lc·"·!; '""a'JPl bars, river banks, and bluffs (Fig. 3). 

June. Nests were 
well-drained sites 

After the voung hatched in mid-July, family groups utilized barren ground 
RiQ0rian habitat (Fig. 3). Baird's sandpipers were rare after mid-August, and 
c e were no significant observations of flocking. Single juveniles occurr~ 
i~~requen along river gravel bars at Jago Delta in late August 1985. 

'•rr!RAL SM:DPIPER - Common breeder, abundant fall migrant. Although pectoral 
s:Jr;c:c·LDers displayed broad distribution and utilized all habitat types on the 
;~:.:vi~ ~~,stal plain, 2 interrelated trends were apparent: dbundance increased 
(:· /l1 foe hiLls to coastal areas, and from drier, upland habitats to lowland 
:c;at•JY"'ted terrains (Figs. 3, 6, 10, 12, 15, 17, 21). Nest densities were 
~i~~Qst in mesic areas such as Wet Sedge, Mosaic, and Flooded habitats (Figs. 
'e 

1
_,,..,). Utilization of ~1oist Sedge-Shrub habitat appeared related to the 

inc2rs~ersion cf small ponds and/or the proximity of mesic areas. 

T'ectorel sandpipers arrived on the north slope during late May, following 
.. ·c~Y mip:ration from southern South America (Bent 1927). Males established 

;··t'"'"itol"ies uoor. arrival, and their display flights were observed throughout 
p0a~ courtship activities occurred during mid-June. Clutches of 4 eggs 

:-.'·"r·~ usually completed in mid-June, but reported dates ranged from 10 June to 
clul . t1ales -;_eft the breeding grounds soon after mating, and presumably 

·, .. 'Jr:::uccessful females, they comprised the large wave of low-flying flocks 
:A:::, J 

1
v -iS individuals) that migrated eastward. across the coastal plain 

·w .. hP ;atter half of July. 

;·"'~'t · '1} sandpiper density rose sharply in Flooded habitat during the 
,c,c:_v.,c,productive season (Fig. 6). After hatch, during the first half of 

·' L-- far:Jily grouos congregated in flooded areas. Females aggressivelY 
"" dl \');(c:;se brooding grounds, often with assemblages of other shorebird 

.-, 'that attended their young in the area (e.g. semipalmated sandpipers, 
r··--i·::l.'ed r!o• .. Jitchers, stilt sandpipers, and red-necked phalaropes). Smaller 
-;: v ~ :nc•.'ements ducir;g early August may have consisted of adult femaleS 

''ilt., · .. .!To; rnil";ration. Finally, a large surge of juvenile flocks migrated 
, uvt:~ cne coastal plain during late August. Flock sizes ranged from 
r·oss inlaYJd a~·eas while staging groups on coastal mudflats reached up 
~r,d i v-1 (~r,__Aa l s. 
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DUNLIN - Uncommon coastal breeder; fairly common fall migrant across outer 
~l 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 
mixed-shorebird flock at Sadlerochit. ANWR may represent the eastern breeding 
boundary 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 ohservatio:Js 
were relatively uncommon at locations other than those previously mentioned. 
During 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 rangec Prom 
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 Hi th slightl.y 
higher numbers recorded at the mid-plain thaw lakes area at Niguan3k i_n 198S. 
In all years first observation dates ranged from l-8 June when single bjrds, 
pairs, and small flocks were seen feeding on coastal wetlands and in Flouderl 
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, Jag0 Bi tty, and 
Aichilik. Male courtship displays appeared to extend through a major oortj_on 
of the incubation period at several locations (from 7 June through a July). 
Clutches of 2 to 4 eggs were laid predominantly on small, dry, sedge hummock:" 
in Wet or Moist Sedge habitat (Figs. 10, 15). Earliest record of flight 
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-hilled 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 feedin.r::: singly or' with 
mixed flocks of shorebirds. Juveniles were seen durj_ng 5-l ':j August 1079 at 
Canning Delta. The peak of migration occurred between 8-13 August. 

~F-BREASTED SANDPIPER - Locally rar'e to fairly common breeder. Breeding 
densities of buff-breasted sandpi_pers fluctuated locally on coastal plain from 
1978 to 1985 and showed annual variation in use of breeding habitats at both 
inland and outer coastal locations. At Canning Delta, 6 . and 5 nests were 
found on river bluffs, Moist Sedge, and sparsely vegetated areas in 1079 and 
l98o, respectively. Seven nests were discovered at Okpilak from 1 a78-198::: :: 
Were located on high-poly12;on and upland ridges in l 978, 3 occurred in Flooded 
:nd Wet Sedge tundra in 1982, and 1 pair nested in Riparian habitat in 1983. 
to nests were found at this study site in 1985. Highest nest densities for 
he entire ANWR coastal plain were observed in 1985 when buff-breasted 
s~ndpipers nested at 7 of 8 locations studied, with 4 nests each at 2 coastal 
Sltes and from 1 to 4 nests each at 5 inland locations. Buff-breasted 
sand , 
b Plpers were generally present in small numbers when observers arrived et · , 
t Ween l-12 June. Males gathered in flocks of 2 to 6 on exposed Moist Sedge 
Undra and Dryas river terraces where elaborate courtship displays peaked 
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during the second week of June (Figs. 3, 15). Although buff-breasted 
sandpipers nested in all habitats in 1978-1985, they predominantly chose Moist 
Sedge or Dryas-prostrate shrub microsites near Flooded tundra or river 
drainages, or near small ponds associated with upland Mosaic and Moist 
Sedge-Shrub habitats (Figs. 3, 6, 12, 15, 17) . All nests contained clutches 
of Li eggs; at 3 nests where clutch completion and hatch dates were obser'Ved, 
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 ranged 
from 5-20 July. In mid-July, single adults moved with chicks to Riparian 
habitat, snow-melt ponds, and Flooded tundra (Figs. 3, 6). Most adults were 
i:lbssn t by early August and juveniles were infrequently observed singly or in 
smaU 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 migrant. 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 
ir;itidterl in mid-June and nests were observed in Flooded, Wet Sedge, and 
1·1osaic 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 durin12; late July. One month later, large cohesive flocks of 
juveniles sun;ed eastward across the north slope; the largest influxes 
occurred along the outer coastal plain. 

C:Dl'11'10N SNIPE - Rar'e summer resident and possible breeder. Common snipe were 
infrequently seen or heard in aerial display during June and early July at 
various locations. Two display sites at Katakturuk in 1983 were associated 
with Mosaic tundra in proximity to willow communities. A 1984 display site at 
Sacllerochi t Has also associated with Mosaic habitat. At the Aichilik bird 
camp, snipe were heard over Tussock and Moist Sedge-Shrub habitats during June 
lJ84. Other observation areas included inland portions of the Sadlerochit and 

lak Rivers, the confluence of Eagle Creek and the Canning River, 
Demarcation Point (Martin and Moitoret 1981), Barter Island, and Flooded 
habitat south of the Niguanak bird camp (Magoun and Robus 1977). 

RED-!JECKSD 
-·--,-·-- PHALAROPE Fairly common breeder. Red-necked phalarope 
Olst~ibution was closely associated with Flooded habitat (Fig. 6). Use of Wet 

t~osaic, and Moist Sedge-Shrub was less frequent, apparently dependent 
on the rwesence of small ponds or troughs (Figs. 10, 12, 17) . The smaller 
-,-:ater· t;odies melted first, and were available for birds arriving in earlY 
June. As thawing continued, phalaropes dispersed into areas with more 
extensiv~, permanent lakes and ponds. Courtship began soon after arrival, and 
t'e::ots ',,;ere constructed in sedge communi ties near permanent water. During the 
l at tee half of June, females left the breeding grounds in small groups that 
probably gathered along the coast. Density of females reached 500/km2 at 
Canning Delta between 25 June and 12 July 1979 and 1980; the staging femaleS 
diminishe~ by 25 July in both years. 

183 

After the first week of July, eggs hatched and the males at tended chicks in 
saturated sedge communities. Family groups of other shorebird species 
congregated in the wet habitats as well. Such habitats may have afforded the 
young shorebirds optimal food availability and cover from predators. Adults 
readilY formed aggressive mixed-species flocks in response to intruders. 

During late August, males and juveniles gathered in small flocks and joined 
migration 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 
littoral 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: l; more 
equal ratios of the phalarope species would be expected along the ANWR 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 in 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 Flooded 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 on coastal mudflats and lagoons during early July. 
Males at tended 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). 

POMARINE JAEGER - Common spring migrant; locally rare to common breeder and 
summer 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 
~ong-tailed jaegers, remained in these areas through most of June (probably to 

eed on caribou calf carcasses, Maher 1974). 

~he relationship between high lemming density and breeding by pomarine jaegers 
d:s .be~n well documented (Pitelka et al. 1955, Maher 1974). Local breedi~g 

1 
ns1t1es as high as 7 .9/km2 were documented at Barrow (Maher 1974). Unt1l 

985, the only record of successful breeding by pomarine jaegers on ANWR was 
Of 5 nests in the Beaufort Lagoon area during the high lemming year of 1976 
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during the second week of June (Figs. 3, 15). Although buff-breasted 
sandpipers nested in all habitats in 1978-1985, they predominantly chose Moist 
Sedge cr Dryas-prostrate shrub microsites near Flooded tundra or river 
drainages, or near small ponds associated with upland Mosaic and Moist 
Sedge-Shrub habitats (Figs. 3, 6, 12, 15, 17). All nests contained clutches 
of 4 egf:",S; 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 
observ,c;d at Aichilik on 13 July 1984, where observed hatching dates ranged 
from 5-20 July. In mid-July, single adults moved with chicks to Riparian 
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 
s~~ad f:ocks 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 ::_982. 

LONG-BILLED DOWITCHER - Uncommon breeder, fairly common summer resident, 
common fall migrant. 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. 

C01·1!'-10N SNIPE - Rare summer resident and possible breeder. Common snipe were 
infrequently seen or heard in aerial display during June and early July at 
various locations. Two display sites at Katakturuk in 1983 were associated 
with Mosaic tundra in proximity to willow communities. A 1984 display site at 
Sadlerochit Has also associated with Mosaic habitat. At the Aichilik bird 
carno, snipe were heard over Tussock and Moist Sedge-Shrub habitats during June 
1~84 . Other observation areas included inland portions of the Sadlerochit and 

lla~ Rivers, the confluence of Eagle Creek and the Canning River, 
Demarcation Point (Martin and Moitoret 1981), Barter Island, and Flooded 
ha~itat south of the Niguanak bird camp (Magoun and Robus 1977). 

RED-1JECKSD PHALAROPE - Fairly common breeder. Red-necked phalarope 
;ii.st::·ibution ·was closely associated with Flooded habitat (Fig. 6). Use of wet 
SedfT·:::, ~~c·saic, and Moist Sedge-Shrub was less frequent, apparently dependent 
em the rn·esence of small ponds or troughs (Figs. 10, 12, 17) . The smaller 
,.;3ter h:,dies melted first, and were available for birds arriving in earlY 
June. As thawing continued, phalaropes dispersed into areas with more 
extensiv~, permanent lakes and ponds. Courtship began soon after arrival, and 
nests Here constructed in sedge communities near permanent water. During the 
L1t ter half of June, females left the breeding grounds in small groups that 
probabl~, gathered along the coast. Density of females reached 500/km2 at 
Canning Delta between 25 June and 12 July 1979 and 1980; the staging femaleS 
diminished by 25 July in both years. 

183 

After the first week of July, eggs hatched and the males at tended chicks in 
saturated sedge communities. Family groups of other shorebird species 
congregated in the wet habitats as well. Such habitats may have afforded the 
young shorebirds optimal food availability and cover from predators. Adults 
readilY formed aggressive mixed-species flocks in response to intruders. 

ouring late August, males and juveniles gathered in small flocks and joined 
migration 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 
littoral 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: l; more 
equal ratios of the phalarope species would be expected along the ANWR 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 in 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 Flooded 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 on coastal mudflats and lagoons during early July. 
Males at tended 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). 

POMARINE JAEGER - Common spring migrant; locally rare to common breeder and 
summer 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-tailed jaegers, remained in these areas through most of June (probably to 

feed on caribou calf carcasses, Maher 1974). 

~he relationship between high lemming density and breeding by pomarine jaegers 
d:s ~e:n well documented (Pitelka et al. 1955, Maher 1974). Local breedi~g 

1 
°3 lt1es as high as 7 .9/km2 were documented at Barrow (Maher 1974). Unt1l 

985, the only record of successful breeding by pomarine jaegers on ANWR v.1as 
Of 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 l pomarine was sighted 
in the same area in 1974. In 1970, and from 1978-1984, pomarines were locally 
common spring migrants and summer visitants hunting in pairs or small groups 
over all habitat types. They were generally absent from the study areas by 
mid-July, presumably when microtine populations had declined (Andersson 
1973). In 1985, a year of relatively high lemming abundance (Babcock 1976), 
pomarine jaegers were common to abundant breeders at wetter inland regions 
(Niguanak) and fairly common breeders in Flooded tundra along the outer 
coastal plain (Jago Delta, Okpilak). Although only l 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 
Here observed along the Niguanak and Tamayariak Rivers in late July when 
live-trappi_ng 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 Ripari~n tundra until late 
August. A large flock of adults and juveniles congregated at the lake by 
Niguanak on 29 and 30 August 1985. 

PARASITIC JAEGER - Rare to uncommon breeder; fairly common summer resident. 
Parasitic jaegers 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 l G85 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 l to 4 adults were observed hunting at all 
tundra bird camp locations from 1982-1985 throughout the breeding season, 
indicating more breeding pairs may have existed than were observed. Parasitic 
jaegers generally nested on drier sedge or moss hummocks in Wet Sedge and 
f'1oist 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 a Hay from parasitic jaeger nests. Hatching of 2 egg clutcheS 
ranged from 30 June through 12 July. Unlike pomarine jaegers, parasi tics did 
not move young to wetter habitats after hatching and young remained with 
adults in the vicinity of the nest site until fledged. 

Adults 
became 

ranged over all habitats to hunt through June and early July, but 
increasingly conspicuous predators on birds in Riparian, Flooded, and 
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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 (t~s 
most frequently observed prey item) to pectoral sandpiper and juvenile 
ptarmigan. Pairs hunted together knocking prey to ground as a team and ~Jere 

highly efficient through July and early August. At Sadlerochit, adults 
captured up to 10 longspur juveniles in l 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 grouos 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 o 
long-tailed jaegers were on 31 May 1985 at Sadlerochit. No conspicuou= 
migrational movement was seen; birds were present at most locations in ear _LV 

June, hunting over all habitats as singles, pairs, and in groups of 3 to lO, 
Like pomarine jaegers, the diet of breeding birds Has 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 viere 
noted at inland locations. Highest numbers of nests were recorded in l 03.5, a 
relatively high lemming year, when 13 were found at the 5 inlanc location=. 
Highest numbers were observed at Jago Bitty (6 nests) and Marsh Cr'ee'' ( 1l 
nests). Numbers of nesting long-tailed jaegers were also highest on tbe o~tsr 
coastal plain in 192.5 when 5 nests were recorded at 3 locations. Onl ~ ne~

were found in 192.4: 1 nest at Jago Delta and 2 at Sadlerochit. No nests we:'" 
recorded between 1978 and 1983. 

Of the 3 jaeger species, long-tailed jaegers nested in drier and fre(jdent:lv 
more upland habitats. Nest sites were predominantly on Dryas-prostrate shr~b 
and Riparian terraces, and fewer Here located on prostrate shcuh ::Jr mos.s 
hummocks in Wet Sedge, Moist Sedge, Moist Sedge-Shrub, and Tussock tunc 1'3 

(Figs. 3, 10, 15, 17, 21) . Hatching dates of l to 2 egg clutches ~>Jer>e 
generally from 3-10 July; the earliest date was recorded at Jago Bittv c:; ? 0 

June 1985 and the latest was at Aichilik on 18 July 1985. 

Occasionally, large flocks were seen in mid-season on the coastal ola in; ct 

flock of 50 was seen near the Kongakut River on 2 July 1970 (Andersson 197~) 
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 wiih and possibly related to 
a large insect emergence. Maher (1974) found that insects were a [llajor 
~omponent of the diet of non-breeding birds. During August, at coastal anci 
lnland locations, small adult group~ and adults with fledged younR: Hero 
~bserved hunting over coastal wetlands, Riparian habitats, and drier, uolancl 
Undra. Latest observation was on 28 August 1985 of a single adult flying 

over Jago Delta. 

~- Uncommon breeder in south slope wetlands; casual visitor to 
north slope (Spindler l984b). 
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(Martin 1976, cited in Martin and Moitoret 1981). Only 1 pomarine was sighted 
in the same area in 1974. In 1970, and from 1978-1984, pomarines were locally 
common spring migrants and summer visitants hunting in pairs or small groups 
over all habitat types. They were generally absent from the study areas by 
mid-July, presumably when microtine populations had declined (Andersson 
1973). In 1985, a year of relatively high lemming abundance (Babcock 1976), 
pomarine jaegers were common to abundant breeders at wetter inland regions 
(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 
Here observed along the Niguanak and Tamayariak Rivers in late July Hhen 
live-trapping surveys revealed moderate numbers of lemmings and tundra voles 
(Microtus oeconomus) (Babcock 1986). 

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

Migrating adults Here 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 Hith adults in Flooded and Ripar{an tundra until late 
August. A large flock of adults and juveniles congregated at the lake by 
Niguanak on 29 and 30 August 1985. 

PARASITIC JAEGER - Rare to uncommon breeder; fairly common summer resident. 
Parasitic jaegers Here generally present as apparent residents on the coastal 
plain as singles, pairs, or small groups in early June. Little migrational 
movement was detected. As Hith other jaeger species, parasitics Here observed 
in small flocks Hhere caribou concentrated in foothills and fed on calf 
carcasses through mid-June. 

Parasitic jaegers nested in loH densities from 1982 to l Q85 at coastal and 
inland locations. One and 2 nests Here 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 0984), and at the inland site at Jago Bitty 0983). Highest 
numbers of nests Here noted in 1985 at Jago Bitty and Jago Delta (2 and 3 
nests respectively). At least l to 4 adults Here observed hunting at all 
tundra bird camp locations from 1982-1985 throughout the breeding season, 
indicating more breeding pairs may have existed than Here observed. Parasitic 
jaegers generally nested on drier sedge or moss 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 
thP most aggressive species observed, often flying after snoHy owls, glaucous 
gulls, other jaegers, arctic foxes, and humans when the intruders Here greater 
than 0 .5 km aHay from parasitic jaeger nests. Hatching of 2 egg clutch~S 
ranged from 30 June through 12 July. Unlike pomarine jaegers, parasitics dld 
not move young to wetter habitats after hatching and young remained with 
adults in the vicinity of the nest site until fledged. 

Adults 
became 

ranged over all habitats to hunt through June and early July, bU~ 
increasingly conspicuous predators on birds in Riparian, Flooded, an 
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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 (t~e 
most frequently observed prey item) to pectoral sandpiper and juvenile 
ptarmigan. Pairs hunted together knocking prey to ground as a team and "!en~, 

highly 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 &s 
a family group for up to 2 weeks longer. Through late August small grouos 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 .:;F 

long-tailed jaegers were on 31 May 1985 at Sadlerochit. No conspicuou3 
migrational movement was seen; birds were present at most locations in ear LV 

June, hunting over all habitats as singles, pairs, and in groups of 3 to lOo 
Like pomarine jaegers, the diet of breeding birds Has composed mostl:r 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 transi.ents 1-;erc 
noted at inland locations. Highest numbers of nests were recorded in 1085, a 
relatively high lemming year, when 13 were found at the 5 inland lncat ion.c. 
Highest numbers were observed at Jago Bitty (6 nests) and Marsh Crr::e;{ ( ll 

nests). Numbers of nesting long-tailed jaegers were also highest on t~e outsr 
coastal plain in 1985 when 5 nests were recorded at 3 locations. Onlv ~nes-s 
were found in 1984: 1 nest at Jago Delta and 2 at Sadlerochit. No nests wert:: 
recorded between 1978 and 1983. 

Of the 3 jaeger species, long-tailed jaegers nested in drier and fr0q entJ·v
more upland habitats. Nest sites were predominantly on Dryas-prostrate shrub 
and Riparian terraces, and fewer Here located on prostrate shr'ub or rr.css 
hummocks in Wet Sedge, Moist Sedge, Moist Sedge-Shrub, and Tussock tunc r3 

(Figs. 3, 10, 15, 17, 21) • Hatching dates of l to 2 egg clutches vvEY'e 
generally from 3-10 July; the earliest date was recorded at Jago Bittv o:; 20 
June 1985 and the latest was at Aichilik on 18 July 1985. 

Occasionally, large flocks were seen in mid-season on the coastal plain: et 

flock of 50 was seen near the Kongakut River on 2 July 1q70 (Andersson lQ7~) 
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 
a large insect emergence. Maher 0974) found that insects were a major 
~omponent of the diet of non-breeding birds. During August, at coastal anc 
lnland locations, small adult group~ and adults with fledged young h'ere 
~bserved hunting over coastal wetlands, Riparian habitats, and drier, upland 

Undra · Latest observation was on 28 August 1985 of a single adult flyirw: 
over Jago Delta. -

~- Uncommon breeder in south slope wetlands; casual visitor to 
north slope (Spindler l984b). 
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MEW GULL - Rare spring migrant and summer visitant on coastal plain; probable 
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 Aichilik 
River. One or 2 mew gulls were regularly seen in Riparian habitat at Aichilik 
through July in 1984 and 1985, and a nest was suspected there on a river 
gravel bar in both years. Small flocks and single gulls were sigh ted over 
lagoons and Riparian areas near the coast on 12 occasions from 1981-1985. 
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. 

HERPING/THAYER 'S GULL - Rare migrant and summer visitant. Herring/Thayer's 
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 
c>bserved 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 1 
sighting 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 AN~~ 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 
l978a) r·eported 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 swim and feed in lagoons 
and along shoals. Inland, gulls were uncommon spring visitants, although from 
l 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 site~ were typically on mounds or islets in Flooded 
tundra and on raised mudflats at river mouths. A nest was also suspected on a 
gravel bar along the Sadlerochit River near the coast in 1984 and 1985. All 
nests contained. clutches of 2 eggs. Known hatching dates were on 17 and 3° 
July 1980 at Canning Delta, but downy chicks were reported near nest sites on 
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 along 
mudflats through July. Juveniles were frequently observed in early fall amon~ 
larger flocks of adults along the coast. Numbers of glaucous gulls increase 
in lagoons through August, with a peak number of 307 gulls recorded at Jago 
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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), hut were only recorded in 1980 
and 1983 along the ANWR coast. A large westward movement of gulls, terns, 
loons, 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 l 
september when 4 38 were counted in 7 h of observations, and an estimated 2000 
kittiwakes flew west past Brownlow Point during l-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 l 
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 ~ 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 year. All nests were located on islands in 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 1081-1985. 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 
eastern portion of the ANWR coast. 

IYQRY GULL - Rare migrant along arctic coast (Spindler l984b). 

~TIC TERN - Fairly common migrant and summer visitant; fairly common breeder 
on barrier' islands, and rare breeder on inland coastal plain. Small flocks of 
up 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 
~ma11 flocks of terns were observed at least weekly through June and July 
toraging over lagoons, small lakes and rivers. Highest numbers of nesting 
e~ns were reported at Canning Delta in 1979 and 1980. Here they bred 
~rlmarily on gravel beaches of the barrier islands and spits, but also on 
lSlands in lakes and on river gravel bars. Terns may have bred along the co . -

19~st east of Canning Delta, but only l nest was located at Sadlerochit in 
-w· 5 · Inland, terns were primarily rare to uncommon visitants associated 
lth lakes and larger river drainages. A brood of 2 chicks defended by 3 
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HEH GULL - Rare spring migrant and summer visitant on coastal plain; probable 
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 Aichilik 
River. One or 2 mew gulls were regularly seen in Riparian habitat at Aichilik 
through July in 1984 and 1985, and a nest was suspected there on a river 
gravel bar in both years. Small flocks and single gulls were sigh ted over 
lagoons and Riparian areas near the coast on 12 occasions from 1981-1985. 
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's 
g;11ls 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 
'bserved 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 1 
sighting 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 AN~~ 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 ooserved 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 dVJindled, but large flocks continued to swim 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 site"l were typically on mounds or islets in Flooded 
tundra and on raised mudflats at river mouths. A nest was also suspected on a 
gravel bar along the Sadlerochit River near the coast in 1984 and 1985. All 
nests contained. clutches of 2 eggs. Known hatching dates were on 17 and 3° 
July 1980 at Canning Delta, but downy chicks were reported near nest sites on 
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 along 
mudflats through July. Juveniles were frequently observed in early fall amon~ 
larger flocks of adults along the coast. Numbers of glaucous gulls increase 
in lagoons through August, with a peak number of 307 gulls recorded at Jago 

187 

Lagoon on 24 August 1983. At this time, much of their flying consisted of 
local movements, but a predominantly westward direction was noted in early 
september. 

BLACK-LEGGED KITTIHAKE - Rare migrant. Black-legged kittiVJakes occurred 
commonly in migration at Barrow (Bailey 1948), hut were only recorded in 1980 
and 1983 along the ANHR coast. A large westward movement of gulls, terns, 
loons, 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 l 
september when 438 were counted in 7 h of observations, and an estimated 2000 
kittiwakes flew west past Brownlow Point during 1-::l 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 ANHR on 2 June 1985 when l 
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 ~ 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 year. All nests were located on islands in 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 1981-1985. On 6-8 September 198 3, 408 
Were observed along a 400 m wide offshore transect. Flocks of 78 and 174 were 
recorded in Oruktalik Lagoon and Egaksrak Lagoon res pee ti vely, both on the 
eastern portion of the ANHR coast. 

lYQRY GULL - Rare migrant along arctic coast (Spindler 1984b). 

~TIC TERN - Fairly common migrant and summer visitant; fairly common breeder 
on barrier' islands, and rare breeder on inland coastal plain. Small flocks of 
Up 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 
t oraging over lagoons, small lakes and rivers. Highest numbers of nesting 
e~ns were reported at Canning Delta in 1979 and 1980. Here they bred 

?rlmarily on gravel beaches of the barrier islands and spits, but also on 
lslands in lakes and on river gravel bars. Terns may have bred along the 
~~;st east of Canning Delta, but only 1 nest was located at Sadlerochit in 
w· 5 · Inland, terns were primarily rare to uncommon visitants associated 
lth 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 in 
1983. Clutches of 1 to 2 eggs were laid in scrapes on the bare ground anct 
incubation began as early as 17 June at Canning Delta. Known hatching dates 
were in early July, and first fledged juveniles were seen in mid-August. 

Terns gathered in flocks during August to feed in 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. 
past Brownlow Point on 1 
thick-billed murres are at 
Territories, (Johnson et al. 
(Sowls et al. 1978b). 

Three unidentified murres were seen flying west 
September 1980. Nearest breeding colonies of 
Cape Parry on the Parry Peninsula, Northwest 
1975) and at Cape Lisburne in the Chukchi Sea 

BLACK GUILLEMOT - Rare breeder; uncommon migrant and summer visitant. 
One or 2 black guillemots ,,rere 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 4 August 1983 along a 400 
m wide offshore transect. 

HORNED 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 Hinds during the previous 2 days. The nearest major breeding colony is 
at Cape Lisburne ( SoHls et al. 1978), but numerous sightings were made from 
1976-1980 at black guillemot nesting colonies on Seahorse Island, Deadman 
Island, and Cooper Island ( Di voky and McElroy 1980, as cited in Martin and 
Moi to ret 1 981) . 

SNOWY OWL - Rare visitant in years of low lemming populations; uncommon 
breeder and common summer resident on outer coastal plain during years of 
higher lemming densities. High fluctuations in snoHy oHl abundance were noted 
on the ANWR outer coastal plain from 197n through 1985; in all vears snowY 
oHls were rarely observed at inland locations. 

In 1976, a relatively high lemming year, 2 nests were located near Beaufort 
Lagoon and owls were regularly observed along the coast. From 1 to 5 owlS 
~tJere summer residents at Okpilak in 1978 and an estimated 0.1 owl/km2 was 
found during coastal aerial surveys (Spindler 1978b). Several oHls were 
sighted regularly through the season at Canning Delta in 1980, but no nests 
~tJere discovered. Owls apparently increased in the Okpilak area in 1982 and 
approximately 1.0-2.5 owls/km2 were estimated along coast. In contrast, 
only 1 and 4 sightings of owls Here reported at coastal sites during the 1983 
and 1984 seasons, respec~ively. In 1985, a year of relat_ively high lemmin~ 
abundil.nce, owls were resldent on ANWR by the last Heek ln May. Two to · 
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adultS and immatures were observed daily at coastal locations from June 
through August. Most of these appeared to be non-breeders. SnoHy owls 
rimarilY hunted in Mosaic, Flooded, Wet Sedge, and Moist Sedge-Shrub habitats 
~rom bluff, hummock, polygon ridge, and driftwood perches. A small influx of 
visiting owls occurred in mid-July. Observed frequency of hunting owls 
increased in Riparian areas coinciding Hith the emergence of arctic grounc! 
squirrel young (Spermophilus parryii) from burroHs. 

Two nests we~e 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 Hi th adults in Flooded tundra throughout the end of 
August. A few adult owls Here still present on Barter Island after the first 
snows of the season on 11 September. 

SHORT-EARED OWL - Common inland breeder and fairly 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 Has 
greatly influenced by flue tuat ing lemming and vole populations. 0Hl s Here 
most commonly seen hunting in Moist Sedge-Shrub, Riparian, Wet Sedge, and 
Flooded habitats in 1985, but were observed flying over all habitats in 
1982-1984. Nests Here most commonly found in Riparian zones in Moist 
Sedge-Shrub, Wet Sedge, or Wet Sedge with HilloH microhabitats. Clutch size 
ranged from 2 to 7 and averaged S .45 (n=7). Clutches Here generally completed 
during the first and second Heeks of June. Reported incubation period is 
24-28 days (Harrison 1978). 

COMMON NIGHTHAWK - Casual visitant (Spindler l984b). 

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 Moi to ret 1981) . 

SAY'S PHOEBE- Casual visitant, accidental fall migrant. One bird was seen in 
mid-August 198~ along a coastal bluff at Arev Lagoon near Okpilak. 
Observations have also been made along the Aichilik and the mid- and upper 
Kongakut Rivers (Kessel and Gibson 1978) . 

~TERN KINGBIRD - Accidental visitant to north slope (Spindler 1984b). 

!!Q.B..NED LARK - Rare inland breeder and visitant; causal coastal visitant. A 
Pair with 1 fledgling Has seen on 20 June on the creek bluff ~ km south of 
Marsh Creek camp in 1985. A nest was suspected to be present in HilloHs on a 
s~uth facing slope of VABM Bitty in 1982. Other observations Here made at 
! 1~hil~k camp in June 198S, Katakturuk camp in June 198~, and Demarcation 

01nt ln June 1978 (D. Troy pers. comm. in Martin and Moitoret 1981). 

~-GRESN SWALLOW- Accidental spring migrant. A single specimen was found 
ead in Kaktovik in late May 198S. 

~- Casual migrant. 
South of Tapkaurak Lagoon near 
along the Canning River in 1975 

Three birds were seen flying over a large lake 
Jago Delta camp in 1985. A bird Has observed 
(Kessel and Gihson 1978). 
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adults was observed by a large lake 11 km northeast of Jago Bit ty camp in 
1983. Clutches of l to 2 eggs were laid in scrapes on the bare ground anct 
incubation began as early as 17 June at Canning Delta. Known hatching dates 
were in early July, and first fledged juveniles were seen in mid-August. 

Terns gathered in flocks during August to feed in 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 
thick-billed murres are at Cape Parry on the Parry Peninsula, Northwest 
Territories, (Johnson et al. 1975) and at Cape Lisburne in the C":hukchi Sea 
(Sowls et al. 1978b). 

PLACK GUILLEMOT- Rare breeder; uncommon migrant and summer visitant. 
One or 2 black guillemots 1,rere 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 4 August 1983 along a 400 
m wide offshore transect. 

HORNED PUFFIN - Casual visitant. One was seen flying low along the beach in a 
westward direction past Brownlm.r 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 ( Di voky and McElroy 1980, as cited in Martin and 
Moitoret 1981) . 

SNOWY OWL - Rare visitant in years of low lemming populations; uncommon 
breeder and common summer resident on outer coastal plain during years of 
higher lemming densities. High fluctuations in snowy owl abundance were noted 
on the ANWR outer coastal plain from 1970 through 198S; in all years snowY 
owls were rarely observed at inland locations. 

In 1976, a relatively high lemming year, 2 nests were located near Beaufort 
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/km2 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 in the Okpilak area in 1982 and 
approximately 1.0-2.5 owls/km2 were estimated along coast. In contrast, 
only 1 and 4 sightings of owls were reported at coastal sites during the 1983 
and 1984 seasons, re,spec ti vely. In 1985, a year of relatively high lemmin~ 
abundance, owls were resident on ANWR by the last week in May. Two to · 
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adults and immatures were observed daily at coastal locations 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 
visiting owls occurred in mid-July. Observed frequency of hunting owls 
increased in Riparian areas coinciding with the emergence of arctic ground 
squirrel young (Spermophilus parryii) from burrows. 

Two nests we~e found in 1985, 1 in Wet Sedge habitat at Jago Delta and l 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 
August. A few adult owls were still present on Barter Island after the first 
snows of the season on ll September. 

SHORT-EARED OWL - Common inland breeder and fairly 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 densi ti.es. 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 commonly seen hunting in Moist Sedge-Shrub, Riparian, Wet Sedge, and 
Flooded habitats in 1985, but were observed flying over all habitats in 
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 l984b). 

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

SAY'S PHOEBE - Casual visitant, accidental fall migrant. One bird was seen in 
mid-August 1985 along a coastal bluff at Arey Lagoon near Okpilak. 
Observations have also been made along the Aichilik and the mid- and upper 
Kongakut Rivers (Kessel and Gibson 1978). 

~TERN KINGBIRD - Accidental visitant to north slope (Spindler l984b). 

!.!Q!QJED LARK - Rare inland breeder and visitant; causal coastal visitant. A 
Pair with 1 fledgling was seen on 20 June on the creek bluff 3 km south of 
Marsh Creek camp in 1985. A nest was suspected to be present in willoHs on a 
~~Uth facing slope of VABM Bitty in 1982. Other observations Here made at 
pl~hilik camp in June 1985, Katakturuk camp in June 1983, and Demarcation 
Olnt in June 1978 (D. Troy pers. comm. in Martin and Moitoret 1981). 

~-GREEN SWALLOW- Accidental spring migrant. A single specimen was found 
eact in Kaktovik in late May 1985. 

~- Casual migrant. 
south of Tapkaurak Lagoon near 
along the Canning River in 1975 

Three birds Here seen flying over a large lake 
Jago Delta camp in 1985. A bird Has observed 
(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, and 
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 198j at Okpilak 
Delta. Kessel and Gibson 0978) reported an observation on Barter Island in 
1975. 

GRAY JAY - Accidental. 
(Spindler 1978a). 

One bird was observed on 22 July 1978 in Kaktovik 

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 often 
mobbed by shorebirds. During the breeding season they were often mobbed by 
nesting jaegers. 

AMERICAN DIPPER 
(Spindler 1984b). 

Uncommon breeder and resident at Sadlerochit Springs 

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 CHEEKED THRUSH - Casual visitant. Birds were seen in tall willows on 
Eagle Cr·eek 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 l980,~n 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)' 
Hagtails were also seen less commonly and at generally lower densities in 
Moist Sedge-Shrub and Tussock habitats. Nests were extremely difficult to 
detect. Two nests were found: 1 was in a willow root ball in Riparian 
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 
~ant. Breeding water pipits were observed at Okpilak Delta in 1978. 
Breeding 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 
o;-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 
late May 1985. 

ORANGE-CROWNED WARBLER - Accidental migrant. 
along Flaxman Lagoon shoreline in May 1980. 

One bird was seen on a bluff 

YELLOW WARBLER - Casual coastal visitant; probable rare inland 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 l 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 4-5 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 
Sadlerochit in 1984 and were generally absent from the coastal plain by late 
August. . 

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

gVANNAH SPARROW - Locally uncommon to fairly common breeder. Overall highest 
densities in 1985 were at inland locations in Riparian habitat with erect 
Willows (Fig. 3). However, highest densities at any location were observed in 
Wet 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 
Were observed most often in Tussock tundra and occasionally in Riparian and 
Moist Sedge-Shrub habitats (Figs. 3, 17, 21). -

Ear1· i lest recorded arrival of savannah sparrows was on l June 1983, at an 
S nland site. Nests were usually found in Riparian (most locations) and Wet 
gedge (Sadlerochit) habitat types (Figs. 3, 10). Savannah sparrow nests were 

0~nerally on the ground in dense sedge-willow vegetation. First hatching was 
Clserved on 26 June in 1983, 16 June in 1984, approximately 24 June 1985. 
,.. utch size ranged from 4 to 6 eggs (1982-1985). Fledging was probably 
~om · · 

Pleted by the second week in July. 
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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, and 
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 198l at Okpilak 
Delta. Kessel and Gibson (1978) reported an observation on Barter Island in 
1975. 

GRAY JAY - Accidental. 
(Spindler 1978a). 

One bird was observed on 22 July 1978 in Kaktovik 

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 often 
mobbed by shorebirds. During the breeding season they were often mobbed by 
nesting jaegers. 

AMERICAN DIPPER 
(Spjndler 1984b). 

Uncommon breeder and resident at Sadlerochit Springs 

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 CHEEKED THRUSH - Casual visitant. Birds were seen in tall willows on 
Eagle Cr·eek 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 198l 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,~n 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) • 
hTagtails were also seen less commonly and at generally lower densities in 
Moist Sedge-Shrub and Tussock habitats. Nests -were extremely difficult to 
detect. Two nests were found: 1 was in a willow root ball in Riparian 
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 
~ant. Breeding water pipits were observed at Okpilak Delta in 1978. 
Breeding 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 
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 
late May 198S. 

ORANGE-CROWNED WARBLER - Accidental migrant. 
along Flaxman Lagoon shoreline in May 1980. 

One bird was seen on a bluff 

YELLOW WARBLER - Casual coastal visitant; probable rare inland 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 0976) 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 4-5 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 
Sadlerochit in 1984 and were generally absent from the coastal plain by late 
August. 

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

~VANNAH SPARROW - Locally uncommon to fairly common breeder. Overall highest 
densities in 1985 were at inland locations in Riparian habitat with erect 
Willows (Fig. 3). However, highest densities at any location were observed in 
Wet 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 

01St Sedge-Shrub habitats (Figs. 3, 17, 21). 

Ean · . lest recorded arrival of savannah sparrows was on 1 June 1983, at an 
~nland site. Nests were usually found i-n Riparian (most locations) and Wet 

edge (Sadlerochit) habitat types (Figs. 3, 10). Savannah sparrow nests were 
g~nerally on the ground in dense sedge-willow vegetation. First hatching was 
~!served on 26 June in 1983, 16 June in 1984, approximately 24 June 1985. 
Coutch size ranged from 4 to 6 eggs (1982-1985). Fledging was probably 

mpleted by the second week in July. 

192 



l 

One bird was seen standing at the high tide line at Tapkaurak Lagoon on 
2 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 observed 
singing in late June from a willow perch in Riparian habitat at Marsh Creek 
in 1985. 

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

resident and 
south of Jago 
bird was seen 

\miTE-THROATED SPARROW - Accidental visitant. 
August at Brownlow Point in 1979 or 1980. 

One bird was seen from 9-28 

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 198~ 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 
l 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 incubation period was 0-15 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 longspurs 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 cTuly. During the breeding season, Riparian habitat often 
had the highest number of longspurs, yet 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 
locateci on the south side of tussocks or polygon rims anci were virtuallY 
ahJays lined with white ptarmigan feathers. Nests generally contained 5 egg~ 
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 the 
males (suspected to be the helper) often began molting into winter plumag~ 
P"ior to the other male. Most young were fledged by the end of the secon 
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week in July. Some shifts in habitat use (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 
habitats. Numbers declined at most localities during the latter half of 
August, 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 bj_rds were seen in June and August 
1985 near Okpilak Delta, at Jago Bitty in July, and Katakturuk in June and 
August 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 Moi toret 1981) . 

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 l to 2 weeks later at sites along the 
coast. Nests were most commonly found elevated in willows (Fj_g. 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 
late 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 vellow "bibs" which resulted from a dusting of 
Yellow pollen while feeding -on insects in willow catkins (Miller et- al. 
1?85). Densities of red polls declined rapidly in late summer and the last 
Slghtings varied annually: 26 August in 1982, ll-16 August in 1983, 16 July in 
1984. ·-

~ - Rare visitant (Spindler l984b). 
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One bird was seen standing at the high tide line at Tapkaurak Lagoon on 
2 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 observed 
singing in late June from a willow perch in Riparian habitat at Marsh Creek 
in 1985. 

FOX SPARROW - Casual coastal summer visitant; rare summer 
possible breeder on inland coastal plain. A pair was seen 10 km 
Bitty camp in willow on a south facing slope in 1983. A single 
at Okoilak Delta in late June 198?. 

resident anct 
south of Jago 
bird was seen 

\miTE-THROATED SPARROW - Accidental visitant. 
August at Brownlow Point in 1979 or 1980. 

One bird was seen from 9-28 

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 198~ 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 
l 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 Julv. The incubation period was 0-15 days with a 
nestling period of 9-ll days (Harrison 1978). 

DARK-EYED JUNCO - Rare migrant. From l to 
mid-Kongakut River valley in early August l 976 
Juncos were also seen on Brm,mlow Point in August 

5 were seen daily in the 
(Martin and Moitoret 1981). 

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 longspurs 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, Rj_parian habitat often 
had the highest number of longspurs, yet the lowest number of nests (Fig. 3) • 

The greatest nest densities were generally in Moist Sedge-Shrub, Tussock, 
Mosaic, or Moist Sedge habitats (Figs. 1?, 15, 17, 21). Nests were often 
located on the south side of tussocks or polygon rims and were virtuallY 
always lined 1-1i th white ptarmigan feathers. Nests generally contained 5 egg~ 
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 the 
ma~es (suspected to be the helper) often began molting into winter plumag~ 
Prlor to the other male. Most young were fledged by the end of the secon 
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week in July. Some shifts in habitat use (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 
habitats. Numbers declined at most localities during the latter half of 
August, 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 (l September at Niguanak and Jago Delta). 

SMITH'S LONG SPUR - Rare visitant. Single bj_rds were seen in June and August 

1985 near Okpilak Delta, at Jago Bitty in July, and Katakturuk in June and 

August 1983. Kessel and Gibson 0978) 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 Her"e 
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 l978a) and left in 
migration as late as the second week in September (Martin and Moitoret 1981). 

RED-WINGED BLACKBIRD - Casual visitant. Two males Here observed in a willoH 
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 lq84b). 

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 l to 2 weeks later at sites along the 
coast. Nests were most commonly found elevated in willows (Fig. ~) . 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 
late years. Redpolls were most common in Riparian habitat and were often seen 
in flocks of 2 to 8 from mid-June until mig rat ion (Fig. 3). Red polls 
sometimes were observed with yellow "bibs" which resulted from a dusting of 
Yellow pollen while feeding con insects in willoH catkins (Miller et al. 
1985). Densities of redpolls declined rapidly in late summer and the last 
sightings varied annually: 26 August in 1982, ll-16 August in 1983, 16 Julv in 
1984. . - - .. 

~ - Rare visitant (Spindler l984b). 
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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, 1'1urie 
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 Prudhoe 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 first 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 conducted during 1982-1985 as part of the 1002 baseline study 
Program. 

As a result of these studies, considerable information on caribou in the 
region of the ANWR study area has been collected. Of particular 
Significance is the historical analysis provided by Skoog (1968) and further 
h~storical examinations by Kevan (1970) and LeResche (1975). Updates on the 
dlstribution and movements of Alaskan caribou are provided by Hemming (1971) 
and Davis (1980). Much of the recent literature on the PH has been 
~ssembled by Calef (1974), Curatolo and Roseneau (1977), Thompson and 
(oseneau 0978), Davis 0978 and 1980), Kelsall and Klein (1979), LeBlond 
1
979), and U.S. Department of State 0980). 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). Remnantp of caribou fences and corral 
structures used by Kutchin Indians can be found throughout much of the 
current southern range of the Porcupine caribou herd (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 by 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. Skoog 
(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 manner 
similar to current distributions, movements, and annual cycles since at 
least the late 1800's (LeResche 1975, Calef 1974, Roseneau et al. 197

4
)• 

This population of caribou is called the Porcupine herd in reference to itS 
semi-annual crossing of the Porcupine River. Caribou herds or populations 
are currently defined as any group of caribou that traditionally calve i~ a~ 
area that is distinct from other groups (Skoog 1968). Currently 2 caobOa 
herds, the PH and the central arctic herd (CAH) use the ANWR studY are 
during various periods of the year (Fig. 1). 
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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 
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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 
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insect harassment (Nixon-ongoing), post-calving movements/ecology 
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accounts summarized by Skoog (1968) are sketchy and accurate population 
estimates were not available, they indicate that a caribou herd haS 
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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 km2 (Mair and Cowan 1978). Seven distinct 
phases based upon behavior and distribution have been identified in the 
annual life cycle of caribou (Skoog 1968, Bergerud l974b). 

Spring Migration. In early March the spring migration of the PH begins with 
a gradual drift of caribou toward the northern limits of their winter'ing 
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. 
l984a, l985a, l986a). Routes of travel are related to topography, snow 
conditions, winter distributions, and tradition (Thompson l978). 

Three major spring migration routes of the PH have been identified: the 
Richardson, Old Crow, and Brooks Range routes (Fig. l). The Richardson 
route runs through the Richardson, Barn, and British Mountain ranges cf 
northwestern Canada and is 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 Old Crow route 
through the Keele Mountains, cross the Porcupine River in the vicinity of 
Old Crow, and continue north through the Old Crow Flats and uplands west of 
the Old 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 Old Crow and Richardson routes 
(Roseneau et al. 1974, Roseneau and Stern l974a, Roseneau and Curatolo 
1976). In years of light snow cover, caribou wintering in the Arctic 
Village area have been observed crossing northern mountain passes and moving 
directly to the calving grounds (Roseneau et al. l97L\). Considerable annual 
variation occurs within each migration route as to the exact route followed 
by migrating caribou (Thompson 1978). 

Spring migrations generally are in 2 phases, with groups comprised 
Predominately of pregnant females moving first, followed by groups comprised 
0 ~ mainly juveniles and bulls (Kelsall 1968). Typically, the first movement 
~ caribou traveling the Richardson route may reach the Blow River on the 
b:C~ic. coast by mid- to late May, whereas the second movement is just 
tiglnnlng to cross the Peel River at this time (Thompson 1978). Similar 
Br~e~space relationships occur during spring migration on the Old Crow and 
Preo s Range routes. During the early phase of spring migration the 
r01~nant. females typically move in long, single-file lines, tending to 
usua~~ Wlnd-sw:pt ridges and frozen lakes and rivers where travelling . is 
lhom y less dlfficult and predators are more easily detected (Kelsall 1968, 
dirrP1.

30
n 1978). Deviations into snow filled valleys and over seemingly more 

CUlt t . 
erra1n can occasionally occur. 
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1-nc; C:>'· r gs walking rate (approximately 4.0 km/h) and average daily net 
me ·.,e;:,er,~. rate (approximately 7-8 km/24 h) of migrating females of the PH 

2 r to be fairly constant throughout much of the spring migration 
, t~e 1984). As the migration progresses across the arctic foothills 

~: 1,/i: ce snov.r conditions are often improved over those encountered during 
ear 1:1 migcation south of the mountains), a maximum net movement rate of 25 
iw)2L;h is often sustained over several days resulting in a final rapid 
EV)vunent to the calving grounds (Whitten et al. 1985a). The spring 

i.~on of males and juveniles of the PH is more deliberate and appears to 
be 1nf1uenced ty phenology of vegetation and social factors (Martell et al. 
in press). 

:~al~.-~~· The calving grounds of the PH are international in scope, 
cxtenoi_ng along the arcU-c foothills (up to 1,100 m elevation) and arctic 
coastal plain to the Beaufort Sea coast from approximately the Babbage River 
lr Canada to the Canning River in Alaska (Fig. 1). Over the past 14 years in 
wr•-LCtl similar· data have bee:J collected, substantial variation in 
dis ritutions of calving within this overall area has occurred. 
~ 3tributions of calving for the PH from 1972 through 1985 are presented in 
3equential order in Figs. 2-15. Factors such as the location of winter 
jistributions, weather and snow conditions encountered enroute to the 
calving grounds, and the snov.r-melt pattern on the calving grounds v.rhen 
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 Old 
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 
v.reather conditions (Roseneau et al. 1974, Hauer 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 Major wintering 

Winter datea (estimated) areab 

1970-1971 30 May heavy Ogilvie Mountains 

1971-1972 26 May heavy southern Richardson Mountains 

1972-1973 24 May medium central Richardson Mountains 
l'-)(j-l':Ji4 5 May light centra~-eastern Yukon coastal 

plain 
1nL1-1975 12 May light central-eastern Yukon coastal 

plain 
1975-1976 20 May medium central Richardson Mountains 

aDate on which caribou crossed Alaska-Yukon Territory border. 
bArea nearest calving grounds where significant numbers of wintering 
caribou were observed. 
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Fig. 10. Porcupine Caribou Herd Calving 
Distribution, 1980. 
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Fig. I/. Porcupine Caribou Herd Calving 
Distribution, 1981. 
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Fig. 14. Porcupine Caribou Herd Calving 
Distribution, 1984. 
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The average walking rate (approximately 4. 0 km/h) and average daily net 
movement rate (approximately 7-8 km/24 h) of migrating females of the PH 
appear to be fairly constant throughout much of the spring migration 
CDuqtlctte 1984). As the migration progresses across the arctic foothills 
(where snow conditions are often improved over those encountered during 
early migration south of the mountains), a maximum net movement rate of 25 
km/ 24h is often sustained over several days resulting in a final rapid 
movement to the calving grounds (Whitten et al. l985a). The spring 
migration of males and juveniles of the PH 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 in scope, 
extending along the arctj_c foothills (up to l, 100 m elevation) and arctic 
coastal plain to the Beaufort Sea coast from approximately the Babbage River 
~n Canada to the Canning River in Alaska (Fig. 1). Over the past 14 years in 
which 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 
.c>equential order 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 Old 
Crow Flats, British Mountains, arrd 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, t-'10uer· et al. 1983, Whitten and 
Cameron l984a). 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 l. Date of first arrival of caribou on the Alaskan portion of the 
calving grounds of the Porcupine herd (Curitolo and Roseneau 1977). 

Arrival Snow cover Major wintering 
Winter datea (estimated) areab 

1970-1971 30 May heavy Ogilvie Mountains 
1971-1972 26 May heavy southern Richardson Mountains 
1972-1973 24 May medium central Richardson Mountains 
l_'j(j-l_':J('-1 5 May light, centra,L-eastecn Yukon coastal 

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

plain 
1975-1976 20 May medium centcal Richardson Mountains 

2 Date on which caribou crossed Alaska-Yukon Territory border. 
b Area nearest calving grounds 
caribou were observed. 

where significant numbers of wintering 
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The calving habitat most consistently used by major concentrations of the PH 
is centered in the uplands of the Jago River, extending as far west as the 
Sadlerochit River, and east to the Aichilik River (Fig. 16). Major concen
trations of calving in this area have extended from the northern margins of 
mountainous terrain on the south to within 6 km of the coastline on the 
coastal plain to the north. Generally referred to as the 

11

core" calving 
area of the PH, major concentrations of calving have occurred within this 
area in 10 of the last 14 years (U.S. Fish and Wildlife Service 1982, 
Whitten et al. 1984, l985a, and l986a). Uplands of the NiguanaK Ridge and 
along the Niguanak River have been a frequently used northern extension of 
the "core" area (Figs. 8, 9, ll, 14). More westerly concentrations of 
calving also occurred during 1974, 1975, and 1977 between Camden Bay and the 
Sadlerochit Mountains (Figs. 4, 5, and 7). Scattered calving activity has 
occurred in varying distributions each year throughout much of the study 

area. 
Movement of pregnant females onto the "core" calving grounds is from the 
east and southeast along the foothills and mountain valleys where snow-melt 
occurs early. In years when snow-melt is advanced, migration onto the 
calving grounds occurs along a more northerly, broad front across the 
foothills and coastal plain. Upon arrival within the "core" calving area, 
many caribou often move northward along corridors of early snow melt 

associated with major river courses. 

The calving grounds of most Alaskan caribou herds are relatively snow-free 
by the time of calving (Lent and Lono 1962, Skoog 1968). An area of early 
snow-melt along the arctic foothills and southern coastal plain from 
Herschel Island to the Canning River has been documented by satellite images 
and generally corresponds with areas of PH calving activity (Lent 1980). 
Snow-melt is relatively early in this area because it lies inland from the 
cooler coastal environment, is elevated sufficiently to experience frequent 
warming by spring temperature inversions, and receives more solar radiation 
than the frequently fog-covered northern coastal plain (Calef and Lortie 
1973, Lent 1980). In addition, the cotton grass tussock (Eriophorum 
vaginatum) communities which predominate in the foothills, contribute to 
early melting and evaporation because of their micro-topography (Benson 1969 
as cited by Lent 1980). Kuropat and Bryant (1980) described vegetative and 
nutrient phenology associated with calving and post-calving habitats which 
present distinct advantages for caribou. The proximity of calving grounds 
to insect relief habitat is an important advantage as well. Migration to 
traditional calving grounds may also be related to predator (wolf) avoidance 
(Bergerud l974b). Although a variety of possible advantages may be 
associated with a particular caribou herd's calving grounds, no universal 
characteristic common to c<.ll North American calving grounds has been 
identified, except that these areas are consistently or traditionally used 
for calving (Fleck and Gunn 1982). A combination of advantageous 
characteristics most likely exists which differentiate caribou calving 

grounds from adjacent areas. 

Although considerable annual variation in calving location has been 
observed, timing of calving differs little from year to yeac. In the PH, 
the first calf of the season is usually observed in the last week of May, 
and peak of calving is in early June (3-8 June). A slightly earlier calving 
peak of l June was noted in 1985 (Whitten et al. l986a). Calving is 

essentially completed by 15 June. 
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CoHs are usually alone or near small groups at the time of birth. After the 
calf is born, the coH licks the calf and often consumes or mouths the 
'lfterbir·th (Lent 1964, Calef and Lortie 1973). The cow and calf usually 
cenain neac the bicth place for the ficst day (Skoog 1968). Cacibou calves 
2re pr·ecocious, and ace able to stand and nucse Hi thin an hour oc tHo 
following birth (Kelsall 1968, Curatolo and Roseneau 1977). After the first 
c1ay :.he calf can walk Hell enough to folloH its mother and can run for 
considerable distances (Kelsall 1968). By l Heek of age the calves can 
travel HHh swiftly moving caribou bands (Skoog 1968). The cow/calf bond in 
c;,;.ribou is celatively strong compared to other ungulates (Lent 1974). 
However, separations are common during the calving and post-calving seasons 
due to the migratory natuce of caribou (Lent 1964, Skoog 1968, Calef and 
Loctle 1973). Calves may be pacticularly vulnerable during the bond-forming 
pr·ocess. Lost calves have been observed approaching humans (Calef and 
Lortie 1973) and predatocs (Roseneau and Curatolo 1976) in theic search for 
Lhe maternal cow. 

After giving bicth, cows with young calves gather into small "nursery 
bc.~nc1s". Focage utilized dur:ing and immediately folloHing calving ~s 
primarily the neH growth shoots and floral parts of Eriophorum which provide 
a highly nutritious and digestible food for caribou (Lent 1964, Klein 1970, 
i<uropat and Bryant 1980). Use of river terraces and vegetated gravel bars 
along river c0urses by PH cow/calf pairs is also common during the period 
immediately following calving (\.Jhitten et al. 1986a). Female caribou are 
pechaps at the lowest point of their energy cycle at this time, due to the 
stresses of Hinter, pregnancy, migration, birth of calves, lactation, antler 
growth, and pelage molt (Dauphine 1976). The availability of high quality 
forage resources on the calving and post-calving habitats is important for 
growth of young calves as well as for body maintenance of adult caribou. 

1'1ovRments of the nucsery bands within the "core calving area" are gradual 
and have little dicectional unity during the ficst 7-10 days following birth 
of calves (1-Jhitten et c.l. 1984, l985a, l986a). Cow/calf gcoups located on 
the immediate easter-n per-iphery of this "core calving area" tend to shift 
westwar-d towards the central calving ar-ea (Calef and Lortie 1973, Whitten et 
al. l985a, and l986a). 

Post-calving. The post-calving season of the PH begins about 15 June and 
extends until the lar-ge her-ds disperse in early August. Following calving, 
nursery bands of cows Hi th young calves begin to coalesce, forming ever 
larger groups. Most groups also begin to increase their rate of movement 
and tend to move in a unified direction (Whitten et al. 1984, l985a, 
l986a). Considerable annual variation is associated with the post-calving 
movement pat terns of the PH on the coastal plain of ANWR. Post-calving 
movement patterns for 4 years (1972, 1981, 1982, 1985) are examples which 
illustrate the range of variation observed during the past 15 years (Fig. 
l 7-20) . 

During the mid-1970's 0972-1975) post-calving groups of the PH commonly 
shifted westHard after calving, and formed large aggregations in the 
foothills south of Camden Bay (Fig. 17) ( LeResche 1972, Calef and Lortie 
1973, Roseneau et al. 1974 and 1975, Roseneau and Curatolo 1976). In 1972, 
over 80,000 caribou were counted from aerial photos of l group aggregation 
south of Camden Bay and by early July these large aggregations began a rapid 
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movement eastward on a broad front extending from the coastline to 30 krn 
inland (LeResche and Linderman 1975). When insect harassment conditions 
became severe, these groups were often observed in the coastal tidelands, on 
ice-pans of lagoons, and in nearshore waters (Roseneau and Stern l974a). By 
about July 10, most of the PH aggregation entered Canada and continued on an 
easterly course through the British and Barn Mountains. 

In some years (e.g. 1972, 1983, and 1985), residual groups numbering up to 
10,000 carihou remained on the Alaskan coastal plain and foothills through 
the summer months (Roseneau and Stern l974a, Whitten et al. 1984, 1986a). 
These groups moved erratically over the area in response to insect 
harassment conditions. Residual groups in late summer commonly used the 
area between the Sadlerochit Mountains and Schrader Lake (Roseneau and Stern 
1974, Whitten et al. 1985a, l986a). Eventually some caribou in these groups 
moved south in the fall, while others overwintered in the Schrader Lake area 
(Whitten et al. l935b). 

In some years (e.g. 1976 and 1981), the Porcupine herd failed to form large 
aggregations (Fig. 18) (Curatolo and Roseneau 1977, Bartels pers. comm.). 
Caribou did not move in large numbers to the coast, but gathered instead 
into several loosely-formed groups farther inland, from the Sadlerochit to 
the Kongakut Rivers. In 1981, large numbers of caribou milled for several 
days between the Egaksrak and Kongakut Rivers prior to crossing the Kongakut 
and moving into Canada by June 30 (Fig. 18) (Bartels pers. comm.). 

In 1982, spring migration was delayed by a late breakup and most of the PH 
calved in Canada east of the Firth River (Mauer et al. 198'), Whitten and 
Cameron l984a). A rapid westward movement began in late June, with large 
groups of caribou entering Alaska on the coastal plain and foothills during 
June 25-30 (Fig. 19). Aggregations containing primarily females and calves 
ranged on the coastal plain east of the Jago River and several large groups 
consisting mostly of bulls and yearlings predominated in the foothills east 
of the Aichilik River from June 30 to July 12. The coastal plains groups 
oscillated frequently between the foothills and coastal areas in response to 
insect harassment conditions. In response to extreme insect harassment 
conditions very large, densely packed aggregations of caribou assembled 
along the coastline from the Okpilak River delta to the Aichilik River delta 
during July 12-14. One group of over 500 caribou moved onto Barter Island 
on July 13. Groups in the foothills moved rapidly southeastward through the 
eastern Brooks Range and into Canada. When insect harassment conditions 
subsided in mid-July, the coastal plain aggregatlons drifted south and 
separated into several smaller groups. Some groups moved up the Okpilak 
River to the glaciers, then retraced their route north out of the mountains 
and drifted southeast, up the Jago and Aichilik Rivers and across the 
continental divide. One residual group moved up the Hulahula River and 
crossed west to the Schrader Lake area, where it remained through August. 

In 1985, post-calving movements began with a gradual southwestern shift into 
the foothills (Fig. 20) where large, loose aggregations in excess of 10,000 
caribou per group formed (Whitten et al. l986a). By about June 20 a rapid 
~astward movement began and cow/calf aggregations merged with groups of 
Juve ·1 nl es, barren cows, and bulls that had moved west towards the calving 
~~ouncts. Simultaneously, cow/calf groups from calving habitats east of the 
t~rth River in Canada initiated a westward movement on June 20. By June 26 

e east and west moving aggregations merged in the vicinity of the 
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LS~ally alone or near small groups at the time of birth. After the 
l ·' bc.;r·r, the cow licks the calf and often consumes or mouths the 
" 1 Lent 1964, Calef and Lortie 1973). The cow and calf usually 

:, ,,, 'Le ~:ir+_h place for the first day (Skoog 1968). Caribou calves 
· · ·' ;us, anci are able to stand and nurse within an hour or two 

~tn lKel all 1968, Curatolo and Roseneau 1977). After the first 
. , j r <.:·an w'ilk well enough to follow its mother and can run for 

•~j e Gistances (Kelsall 1968). By 1 week of age the calves can 
~ ''" '. ~·,,lftly moving caribou bands (Skoog 1968). The cow/calf bond in 

lS relatively strong compared to other ungulates (Lent 1974). 
:', se!Jarations are common during the calving and post-calving seasons 

·.Ju.c• to the migratory natuee of caribou (Lent 1964, Skoog 1968, Calef and 
+..o~~ie 197~). Calves may be paeticularly vulneeable during the bona-forming 
peocess. Lost calves have been obseeved approaching humans (Calef and 
Locti.e 1973) and pr-edators (Foseneau and Curatolo 1976) in theie search foe 
th 0 mateenal cow. 

h.:'ter gi.ving birth, cmvs with young calves gather into small "nurseey 
hc.:.nosn. Forage utilized during and immediately following calving .;.s 
peimarily the new growth shoots and floral parts of Eeiophoeum which provide 
a highly nutritious and digestible food foe caribou (Lent 1964, Klein 1970, 

i. ana Bryant 1980). Use of river terraces and vegetated gravel bars 
along r·iver courses by PH cow/calf pairs is also common during the peeiod 
imrnec:'J.iitely following calving (Hhitten et al. 1986a). Female caeibou are 
perhaps at the lowest point of their energy cycle at this time, due to the 
stresses of winter, pregnancy, migration, birth of calves, lactation, antlee 
geowth, and pelage molt (Dauphine 1976). The availability of high quality 
forage resources on the calving and post-calving habitats is important for 
t;r'NJth of young calves as viell as for body maintenance of adult caribou. 

t·1ovPments of the nucsery bands within the "core calving area" are gradual 
and have little directional unity during the first 7-10 days following birth 
of calves (1-Jhitten et 21. 1984, l985a, 1986a). Cow/calf groups located on 
the immediate eastern periphery of this "core calving area" tend to shift 
westwacd towards the central calving area (Calef and Lortie 1973, Hhitten et 
al. l985a, and l986a). 

Post-calving. The post-calving season of the PH begins about 15 June and 
extends until the large herds disperse in early August. Following calving, 
nursery bands of cows with young calves begin to coalesce, forming ever 
larger groups. Most groups also begin to increase their rate of movement 
and tend to move in a unified direction (Hhitten et al. 1984, 1985a, 
l986a). Considerable annual variation is associated with the post-calving 
movement patterns of the PH on the coastal plain of ANHR. Post-calving 
moverr1ent patterns for 4 years (1972, 1981, 1982, 1985) are examples which 
illustr·at~::: the range of variation observed during the past 15 years (Fig. 
17-20). 

Dur·ing the mid-1970's 0972-1975) post-calving groups of the PH commonly 
shift€ westward after calving, and formed large aggregations in the 
foothills south of Camden Bay (Fig. 17) (LeResche 1972, Calef and Lortie 
1973, Roseneau et al. 1974 and 1975, Roseneau and Curatolo 1976). In 1972, 
over 80,000 caribou were counted from aerial photos of l group aggregation 
south of Camden Bay and by early July these large aggregations began a rapid 
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movement eastward on a broad front extending from the coastline to 30 krn 
inland ( LeResche and Linderman 1975). Hhen insect harassment conditions 
became severe, these groups were often observed in the coastal tidelands, on 
ice-pans of lagoons, and in nearshore waters (Roseneau and Stern l974a). By 
about July 10, most of the PH aggregation entered Canada and continued on an 
easterly coucse through the British and Barn Mountains . 

In some years (e.g. 1972, 1983, and 1985), residual groups numbering up to 
10,000 caribou remained on the Alaskan coastal plain and foothills through 
the summer months (Roseneau and Stern l974a, Hhitten et al. 1984, l986a). 
These groups moved erratically over the area in response to insect 
harassment conditions. Residual groups in late summer commonly used the 
area between the Sadlerochit Mountains and Schrader Lake (Roseneau and Stern 
1974, Hhitten et al. 1985a, l986a). Eventually some caribou in these groups 
moved south in the fall, while others overwintered in the Schrader Lake area 
(Whitten et al. l985b). 

In some years (e.g. 1976 and 1981), the Porcupine herd failed to form large 
aggregations (Fig. 18) (Curatolo and Roseneau 1977, Bartels pers. comm.). 
Caribou did not move in large numbers to the coast, but gathered instead 
into several loosely-formed groups farther inland, from the Sadlerochit to 
the Kongakut Rivers. In 1981, large numbers of caribou milled for several 
days between the Egaksrak and Kongakut Rivers prior to crossing the Kongakut 
and moving into Canada by June 30 (Fig. 18) (Bartels pers. comm.). 

In 1982, spring migration was delayed by a late breakup and most of the PH 
calved in Canada east of the Firth River (Mauer et al. 1983, Hhitten and 
Cameron l984a). A rapid westward movement began in late June, with large 
groups of caribou entering Alaska on the coastal plain and foothills during 
June 25-30 (Fig. 19). Aggregations containing primarily females and calves 
ranged on the coastal plain east of the Jago River and several large groups 
consisting mostly of bulls and yearlings predominated in the foothills east 
of the Aichilik River from June 30 to July 12. The coastal plains groups 
oscillated frequently between the foothills and coastal areas in response to 
insect harassment conditions. In response to extreme insect harassment 
conditions very large, densely packed aggregations of caribou assembled 
along the coastline from the Okpilak River delta to the Aichilik River delta 
during July 12-14. One group of over 500 caribou moved onto Barter Island 
on July 13. Groups in the foothills moved rapidly southeastward through the 
eastern Brooks Range and into Canada. Hhen insect harassment conditions 
subsided in mid-July, the coastal plain aggregat1ons drifted south and 
s~parated into several smaller groups. Some groups moved up the Okpilak 
Rlver to the glaciers, then retraced their route north out of the mountains 
and drifted southeast, up the Jago and Aichilik Rivers and across the 
continental divide. One residual group moved up the Hulahula River and 
crossed west to the Schrader Lake area, where it remained through August. 

~~ 1
985, ~ost-calving movements began with a gradual southwestern shift into 

c e.roothllls (Fig. 20) where large, loose aggregations in excess of 10,000 
earlbou per group formed (Hhitten et al. 1986a). By about June 20 a rapid 

J.astward movement began and cow/calf aggregations merged with groups of 
uve · 

g nlles, barren cows, and bulls that had moved west towards the calving 
F~~Unds: Simultaneously, cow/ calf groups from calving habitats east of the 
th th R1ver in Canada initiated a westward movement on June 20. By June 26 

e east and west moving aggregations merged in the vicinity of the 
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in Lerna tional border, south of Demarcation Bay. Nearly the entire PH was 
present in loosely-scattered aggregations at this time. On June 27 the herd 
separated, with approximately 60% moving southeastward into the British 
Mountains of Canada, and the remaining 40% moving south, through the eastern 
Br·ooks Range of Alaska (Whitten et al. 1986a). By early July the southward 
moving Alaska groups were south of the continental divide and by mid-July 
'"ere in the vicinity of Arctic Village. Caribou moving southeastward into 
Canada separated into smaller groups several times and some of the animals 
shifted southwestward, re-entered Alaska and eventually mixed vlith Alaskan 
groups on the southern slopes of the Brooks Range (Whitten et al. 1986a). 

The aggregation behavior of caribou observed during post-calving movements 
may be related to the appearance of harassing insects, especially mosquitoes 
(Kelsall 1968, Curatolo 1975). When mosquito harassment is particularly 
intense, caribou tend to gather into extremely dense, compact groups 
(Curatolo 1975). Stampedes can be triggered easily during this time and are 
believed to contribute to accidents, crippling, and cow-calf separation 
(Calef and Lortie 1973, Roseneau and Curatolo 1976). During the height of 
the insect harassment season (July to mid-August), caribou seek relief on 
windy ridges, along coastlines, and on snow fields. aufeiss, mud flats, 
river deltas, and gravel bars. Movement of the herd is almost continuous 
and little time is spent for foraging and grazing when insect harassment is 
extreme. 

August Dispersal. The large post-calving aggregations of the PH tend to 
separate into several groups as the herd moves south thr::JUgh the Brooks 
Range and British Mountains. This continues through the remainder of the 
summer and by early August, caribou tend to be widely scattered over a broad 
region extending from the East Fork of the Chandalar River in Alaska to the 
Richardson Mountains in Canada. It is believed that reduced harassment by 
mosquitos as well as possibly increased harassment by warble and nasal bot 
flys may influence the dispersal pattern in caribou (Curatolo 1975). During 
the dispersal season, caribou feed predominately on willow (Sali~ ~) in 
the abundant shrub communities south of the Brooks Range and British 
Mountains. During the 1970's a westward movement of caribou from Canada to 
Alaska was common during late July to mid-August (Roseneau and Curatolo 
1976). Because of an apparent change in post-calving movement patterns 
during the 1980's caribou have recently been observed moving eastward into 
Canada during the same period (Whitten et al. 1986b). 

Fall Migration. Movement patterns of the PH during fall migration (October) 
also show considerable annual variation. During the 1970's caribou commonly 
moved east into Canada during mid-September. In recent years up to 
one-third of the herd has moved west into Alaska from Canada during late 
September to early October (Whitten et al. 1986b). Autumn snow storms 
sometimes accelerate caribou movement toward traditional winter ranges (Lent 
1966, Bergerud 1974b). The PH crosses the Porcupine River during fall 
migrations near the international border, in the vicinity of Old Crow and 
near the mouth of the Bell River (Surrendi and DeBock 1976), but timing of 
river rTossings varies considerably from year to year. After crossing the 
Porcupine River, most of the herd usually moves into the Keele Mountains and 
Nahoni Range and continues in a southerly direction (Calef 1974). In some 
yeacs, large numbers of caribou move into the Richardson Mountains (Kevan 
1970 a::: cited by Calef 1974, Russell and Nixon 1986). Caribou in Alaska 
move in a southwesterly direction along the south flanks of the Brooks Range 
in the vicinity of Arctic Village. 
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Rutting Season. In late August, bull caribou shed their antler velvet. 
"the time of rutting, the bulls have developed a thick layer of body fat 
which helps to sustain them during the breeding season. The F·h breed~; 

during the middle of October while enroute to the winter- c<:tnge.:; (Calc-1: 
1974). Throughout September the bulls become increasingly aggressive on;~ 

begin brief sparring matches with other males. Large bulls are dc)minay,t aY: 
tend to spar mostly with other bulls of similar size. UsuaLLy t;h~' sp3t _-,r~ 

matches are not violent and last about 5 min. (Skoog 1968). By ,e; Ln c 

the rut, the bulls have lost a considerable amount of booy fat T?cend:in~ ;;r, 

age, health, and breeding activity (Dauphine 1976). 

The rut is synchronous and lasts about 2 weeks. This accounts for the short 
period 1n vJhich the calves are born (Dauphine and McClure 1974). Car1huc1 
are usually sexually mature at 2 years of age (Skoog lq68). C>)','S can 'l~lvt:

several estrus cycles until conception takes place (Skoog 196G;. ~2re~~ ~r 

not formed and bulls usually mate with more than l cow. TY:e g,c,c:;tation 
period is about 210 days. Caribou sex and age classes ar·e quite-; eve' ,j_y 
mixed during the rut (Lent 1965). 

Winter Activitv. The PH uses 2 major winter- ranges: the csntral Yu~:nn 

Terr-itory and northeastern Alaska in the vicinity of Arctic Village ·.Flg. 
l). Other commonly used areas are the Richardson Mountains of the Yukon a:Jd 
Northwest Territories, and along the lower Coleen River (Thompson a•!d 
Roseneau 1978, Russell and Nixon 1986). Annual variations have occucrea i:--: 
the use of various winter ranges during 1970-1986) (Table 2). During the 
winter of 1972-1973 most of the herd was found in the Arctic Village area. 
In 1978-1979 about half of the herd wintered in Alaska, from the Yukon R1ver 
to the Brooks Range with Lhe most concentration in the Coleen Val~ey 

(Whitten pers. comm.). The remainder of the herd wintered 3long th,~ 
international border on the upper Kandik and Ta tonduk Rivers. Dur" it1g the 
winter- of 1981-1982 large numbers of the PH crossed th:; Yukon !'\: v,,r near 
Eagle, Alaska, and moved northwest to winter in the Tanana Hills near- e 
Summit. Large numbers of caribou wintered in the norL1erc slopecc c,f the 
Richardson Mountains during the winter of 1984-1985. The most coYJ.sl.:c,'·,,~ntiy 
used winter- range in Alaska extends southwesterly from apprcxirnc:e.l.y t__ e 
upper Sheenjek River to Chandalar Lake, and includes Old vi oman Crec;:, the 
Koness River, and the East, Middle, and North Forks of the Chandalar River, 
and the Christian, Wind, and Junjik River drainages. Up to 1,000 caribou of 
the PH overw in teced near Schrader Lake (north of the Brooks Ran;e.e) Gur·J_ng 
1983-1984 and 1985-1986 (Whitten et al. 1986b). - -

Overlap of winter ranges and potential intermingling occurred betweer1 the PH 
and the Forty-mile herd during the winter of 1981-1982, and between t~e PH 
and the CAH Herd in the winters of 1983-1984 and 1985-19136 (Whitten and 
Cameron 1983a, Whitten et al. l986a). Radio-collared C3ribou migrated to 
their respective calving grounds the next spring following these overl~ps of 
Winter range (Whitten and Cameron 1983a, Farnell and Russell l(j81+, vJrntten 
et al. l985a). 

W~ntering groups of caribou do not remain on l feeding site for the er t.ire 
~~nter (Henshaw 1968); instead there are frequent short c.istance movements. 
/ntering caribou often feed by excavating snow "crater·s" using their 
I' orelimbs. Snow depth and hardness greatly influence the amcunt of energy 
equired to excavate these craters (Pruitt 1960, Thing 1977). Caribou 

Select feeding areas and specific cratering ar-eas within these areas where 
~now conditions do not exceed depth and hardness thresholris ( LaPer-r-iero and 
ent 1977). 
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Rut~ing Season. In late August, bull caribou shed their antler vcc:lvet. By 
the time of rutting, the bulls have developed a thick layer of body fat 
which helps to sustain them during the breeding season. The PH breeds 
dur·ing the middle of October Hhile enroute to the Hinter rangec.; (Calef 
1974). Throughout September the bulls become increasingly aggressj_ve anc 
begin bcief sparring matches with othet' males. Lacge bulls are c_bminant a,1d 
tend to spar mostly with other bulls of similar s.ize. Usually th'2 :sp;:nr 
matches are not violent and last about 5 min. (Skoog 1968). t[, 'end of' 

the rut, the bulls have lost a considerable amount of body fat depending on 
age, health, and breeding activity (Dauphine 1976). 

The rut is synchronous and lasts about 2 Heeks. This accounts foe the short 
per'iod Hl which the calves are born (Dauphine and McClure 1974). C:ar1bou 
are usually sexually mature at 2 years of age (Skoog 1968). Cu·~·s can 1nvc 
several estr-us cycles until conception takes place (Skoog l96[i). :-:::.rerr.~· c~t'e 

not for·med and bulls usually mate with moce than l coH. Tht:.' ;;,e3tation 
period is about 210 days. Caribou sex and age classes ar·e quittc evenly 
mixed durlng the rut (Lent 1965). 

vi~9ter Activity. The PH uses 2 major Hinter ranges: the centr·al Yu~:on 

Territory and northeastern Alaska in the vicinity of Arctic Village (Fig. 
1J. Other commonly used areas are the Richardson Mountains of the Yukon and 
Nor·thwest Territocies, and along the loHer Coleen Rivec (Thompson ;:md 

Hoseneau 1978, Russell and Nixon 1986). Annual variations have occw>red in 
the use of various Hinter ranges during 1970-1986) (Table 2). During the 
vJinter of 1972-1973 most of the herd Has found in the Arctic Village iH'ea. 
ln lS'!8-l979 about half of the herd Hintered in Alaska, frorr1 the Yukon R1ver 
to the Brooks Range Hith Lhe most concentration in the Coleen Valley 
(Whitten pers. comm.). The remainder of the herd Hintered alow3: tht: 
international border on the upper Kandik and Tatonduk Rivers. Dur'ing the 
Hinter of 1981-1982 large numbers of the PH crossed the; Yukon Ri vu· near 
Eagle, Alaska, and moved northHest to Hinter in the Tanana Hills near Eagle 
Summit. Large numbers of caribou Hintered in the northerr: slopP': c:f the 
Richardson Mountains during the winter of 1984-1985. The most consiscently 
used winter range in Alaska extends southwesterly from dpproxi.mat:ely tne 
upper' Sheenjek River to Chandalar Lake, and includes Old Woman Creel:, t:lle 
Koness River, and the East, Middle, and North Forks of the Chandalar River, 
and the Christian, Wind, and Junjik River drainages. Up to 1,000 caribou of 
7~he PH over·wintered near Schrader Lake (north of the Brooks Range) cur·j_ng 
1983-1984 and 1985-1986 (Whjtten et al. l986b). 

Overlap of winter ranges and potential intermingling occurred betweetl the PH 
and the Forty-mile herd during the Hinter of 1981-1982, and betHeen the PH 
and the CAH Her·d in the winters of 1983-1984 and 1985-lCJi36 (Whit ten and 
Cam.e;ron l983a, Whitten et al. l986a). Radio-collared car:Jbou migcated to 
their respective calving grounds the next spring following these overlaps of 
winter range (Whitten and Cameron l983a, Farnell and Russell 1981+, Whitten 
et al. 1985a). 

'wintering groups of caribou do not remain on l feeding site for the entirr; 
'wlnter (Hen~>haw 1968); instead there are frequent short cjistance movement,[;. 
\hntering caribou often feed by excavating snoH "crater's" u~sing their 
fot•elimbs. SnoH depth and hardness greatly influence the amc.unt of energy 
cequired to excavate these craters (Pruitt 1960, Thjng 19'7'7). Caf'ibo:1 
select feeding areas and specific craterlng areas within ':-11ese ar'ec-ts HlJ2rc~ 

sn<:.'H conditions do not exceed depth and harcmess threc'i->o.ld ~ (I l'cr ,. 1 c·r .u1•c 

Lent: 19'77). 
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Wintering distributions of the PH vary annually due to regional differences 
in snow cowi1tions (Fi13sell and t-Jgrtell 1984). Thompson and Roseneau (19'(d) 
observed Hin;~sring ccribou of the PH "most of':.en in broad rolling valley 
bottoms or slopes wltn moderate tree cover and cont1nuous snow cover; or on 
wind-swept ridge~ Hi th r;o tree cc.ver." Because varying topography and 
vegetation alter w1nd speeds ar1d thus influence snow conditions, the medium 
density, black spruce stands cf the taiga seem to provide favorable winter 
feeding sites for caribou (Bergerud l974b, Thompson ana Roseneau 1978). 
Open wi:id-swept ridges ar2 also frequented cy wintering caribou becau:3e of 
the ready access to rood sources and the good visibility r,.;hich per~ni ts 
detection of preoators (Thompson and Roseneau 1978). 

Population r:haracter'lstie:s 

Numbers of animals in tne PH appear to have remained rel&tively stable from 
l96l-l97q, b1_;;: have incr·eased steadlly since 1979 (Table 3). Initial 
productivity of radio-collared females 3 years or older duriGg 1983-19 has 
averaged a~;out 75% (Whitten et al. 1984, l985a, 1986a). Few? year-old 
radio-collared females produced calves, indicating that currently this 
cohort is not a signif1cant contributor to t1erd productivity (Whitte:J et al. 
l986a). Mortality studies usi:Jg radio-collared calves indicate a f1rst year 
mortality rate of aoout 41.5% (ltJhitten 1986). Ann'Jal mor·tality of 
radio-collared adults and yearlings (preaominately females) h&s ranged 
between 8-12%. Yearling composition in June is believed to be about 35 
yearlings/l':::o females (Whitten 1986). A ratio of 60 adult males/100 adult 
females was measur'ed during classifica -cion surveys conoucted 1r1 fall 1980 
(Whitten and Cameron 198U. Current pr,oductivity and mortality rates, cmd 
herd composition ciac,a indicate an estimated 10.5% annual increase ln tne PH 
during 1983-1985 (\~hit ten 1986). Should this trend contin:."es for· the r;ext "l 

years, the PH could contain 270,000 caribou by 1990. 

Table 3. Porcu~ine herd population estimates 1961-1985. 

Year 

1961 
1964 
1972 
1977 
1979 
1982 
1983 
1984 
1985 

a-AP"'"M 

Popu~ation 

(lOOC's) 

ll0-ll7 
140 
101 
105 
110 
137 
135 
149 
165 

Cen~us 

method Source 

calving grounds census 
calving grounds census 
APDCEa 
APDCE 
modified APDCE 
modified APDCE 
modified APDCE 
projection estimate 
projection estimate 

Skoog 1968 
Skoog 1968 
LeResche 1972 

"-------?-

Bente and Roseneau 1978 
Whitten and Cameron 1980a 
Whitten and Cameron 1984b 
Whitten 1984 
Whitten 1986 
Whitten 1986 

Aerial photo-direct count extrapolation techniques. 

Extent, Location, and Carrying Capacity of Habitats 

~he range of the PH is dominated by mountainous terrain and the herd may spend 
/ to ll months of the year in landscapes associated with various mountain 
Aan~es, valleys, and intermountain basins, plains and plateaus (Calef 1974). 

Vllde variety of plant communi ties, forage resources, snow conditions, and 
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1r1~e~ densities are encountered as the herd moves through its range. Because 
the iu~ensity of the PH range and its remote nature, a comprehensive study 

anG analysis of the herd's range has not been accomplished. Some recent 
sL,Jaies, however, have begun to describe some of the habitat relationships of 
th( nerd. 

tvJa.r'tell et al. (in press) examined habitat utilization by male caribou during 
spr'ing and early summer in a major staging area in the northern Yukon 
Terri and found that male caribou selected dwarf shrub heath and tussock 
meadow communities in late May - early June and willow thickets in late June. 
Spring and early summer distributions of bull caribou was primarily in 
response to snow-melt pat terns and vegetation phenology. Movements of males 
c;ppeared to be related to social factors (Martell et al. in press). Winter 
range studies of the PH in the Yukon Territory indicate that snow conditions 
3i'e a major factor influencing regional winter distributions of caribou in 
rru:c;~ years (Russell and Martell 1984). Calving grounds studies in 
northwestern Alaska have shown that adult female caribou use primarily tussock 
meadow habitats during and immediately following calving (Kuropat and Bryant 
l':!SO). Kuropat (1984) also documented that caribou movements, distribution, 
ar;1 foraging behavior of cow/calf groups were closely related to vegetation 
pr>enology and nutrient availability during the period immediately after 
calving. Several autnors have described utilization of coastal areas, snow 
dr1fts, ice pans, barren ridges, river deltas, mud flats, and gravel bars by 
caribou for relief from harassment by insects, (Calef and Lortie 1973, White 
et a1. 1975, Surrendi and DeBock 1976). 

Due to the wide-ranging migratory behavior of barren ground caribou the 
concept of carrying capacity as it is traditionally used for less migratory 
herbivores, such as livestock, is not entirely applicable for· caribou (Skoog 
l9t,8). Certain areas within a caribou herd's range may not be used by caribou 
for a long period. But as herd movement patterns shift (possibly due to 
cl ima. tic changes), these infrequently used areas may become important. Such 
aspects of caribou range ecology require a broad interpretation of the 
carrying capacity concept, which includes considerations of these vast, 
lightly used areas which may be important in the long term. Several efforts 
have Leen made to theoretically calculate the carrying capacities of certain 
caribou ranges. Using basic range inventory techniques, such efforts have 
usually identified much higher capacities than are actually exhibited by the 
populations (Calef 1974). Some theoretical carrying capacities have varied 
from 1.2 caribou/km2 on the Forty-mile Caribou herd range (Skoog 1956) to 
3.7 reindeer/km2 on the Mackenzie River delta reindeer range (Porsild 1929 
as cited by Calef 1974). No density value has been derived for the PH. Using 
the estimated range size of 250,000 km2 (Mair and Cowan 1978), the PH 
currently occupies its range at a density of approximately o.66 
caribou/km2 . It is likely that there may be significant areas within the pH 
range that are not used by caribou and that the actual density of occupied 
habitat is higher. Carrying capacity values useful to caribou management 
cannot be developed until a comprehensive understanding of the herd's range 
and its utilization is achieved. 

Portions of the PH range in Alaska which include calving and post-calvin~ 
habitats have been mapped for vegetation and landform (Walker et al. 1982) ~n 
other components of the herd's range within the ANWR are currently belng 
mapped (See Chapter 3). Land cover on Canadian portions of the herd's ran~~ 
are also beginning to be mapped. However, substantial work is still needed 
develop a comprehensive range map for the PH. 
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Central Arctic Herd 

Range, Distribution, and Movement 

The identity of a separate, discrete caribou herd occupying an area of the 
arctic slope between the ranges of the western arctic herd (WAH) and the Prl 
(Fig. l) was confirmed by Cameron and Whitten (1976 and 1979). Previou.3 
publications (Olson 1959, Skoog 1968, Gavin 1971, LeResche 1972, Child 1973 
Roseneau et al. 1974, Roseneau and Stern 1974, Hhite et al. 1975, Rosc:ne'' 
and Curatolo 1976) had also mentioned or described caribou that were 
presumably of the Central Arctic Herd (CAH). Its recent range lies nort~ c~ 

the Brooks Range from the Colville River on the west and at least ac:' far 
east as Camden Bay and the Sadlerochit Mountains (Cameron et al. 1985). The 
Prudhoe Bay, Kuparuk, and Milne Faint oil field complexes, the Trans-Alaska 
Pipeline, and the Dalton Highway occur within the range of the CAH. 

The CAH winters primarily in the foothills and mountain valleys of 
southern portion of its range. Pregnant females migrate north in the c"~'' lilg 
to calving grounds located on the northern coastal plain. Tne CJ\H caL-,r; 
distribution extends across the arctic coastal plain from tne Colville ?l\e! 
to the Canning River delta. In years of late snow-melt and flood 
conditions on the coastal plain, the herd sometimes calves in dryer upland 
sites such as the Franklin Bluffs area (Whitten and Cameron 1985). Calving 
activity in the Prudhoe Bay area was reported by Gavin (1971), Child (1973), 
and White et al. ( 1975), when the Prudhoe Bay oil field was beginning t.c be 
developed. Later studies (Cameron and Whitten 1979 and 1980, Cameron ~~ al. 
1981, Whitten and Cameron 1985) indicate an absence of calving near' th 
coast at Prudhoe Bay during 1976-1985 possibly due to avoidance of the area 
by calving caribou. Two centers of concentrated calving activity have been 
identified. One area lies west of Prudhoe Bay in the vicinity of the 
Kuparuk and Ugnuravik Rivers, the other area is east of Prudhoe Bay, 
primarily in the Bullen Point to Canning River delta area (Shiedler 1986). 
A portion of this eastern calving grounds extends into the ANWR study area 
(Cameron et al. 1985). Surveys conducted in 1981 indicate that the Canning 
River delta area may support more calving caribou than the Kuparuk area 
(Whitten and Cameron 1985). 

Following calving, portions of the CAH usually move eastward along the coast 
in post-calving aggregations. Caribou movements from the west often cross 
the Canning River delta and pass into the ANWR study area (Cameron et al. 
1985). These aggregations gradually disperse into smaller groups; some move 
back along the coast to the west, others remain in the Canning River delta 
to Marsh Creek area. In mid-July, when insect harassment intensifies, bands 
of CAH caribou can be found seeking relief on the coastal beaches, sand 
dunes, shorefast ice, and barrier islands of the Canning River delta to 
Camden Bay area. 

A gradual southward movement of the CAH occurs in late August and early 
September. This movement is usually ac~elerated by the first heavy 
~nowfall. In years of "mild" weather, significant numbers of caribou have 
feen found wintering on the coastal plain (Whitten per. comm.). The 
oothills are used more extensively in years of harsh weather and deep snow 
~~nditions. Scattered groups of the CAH also winter east of the Canning 
M lVer in the ANWR study area in the foothills north of the Sadlerochit 
(~untains, along the Canning River, and in the vicinity of Schrader Lake, 

ameron et al. 1985). 
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'fl~ec densities are encountered as the herd moves through its range. Because 
the i~mensity of the PH ra~ge and its remote nature, a comprehensive study 

anc analjsis of the herd's range has not been accomplished. Some recent 
sL•inl~s however, have begun to describe some of the habitat relationships of 
thE nerd. 

l"iar·te:t_l et al. (in press) examined habitat utilization by male caribou during 
spr'ing and early summer in a major staging area in the northern Yukon 
Terri and found that male caribou selected dwarf shrub heath and tussock 
meadow communities in late May - early June and willow thickets in late June. 
Spring and early summer distributions of bull caribou was primarily in 
response to snow-melt pat terns and vegetation phenology. Movements of males 
appeared to be related to social factors (Martell et al. in press). Winter 
range studies of the PH in the Yukon Territory indicate that snow conditions 
are a maJor factor· influencing regional winter distributions of caribou in 
rr,c~.'~· years (Russell and Martell 1984). Calving grounds studies in 
northwestern Alaska have shown that adult female caribou use primarily tussock 
meadow habitats during and immediately following calving ( Kuropa t and Bryant 
1980). Kuropat (1984) also documented that caribou movements, distribution, 
ar::l foraging behavior of cow/calf groups were closely related to vegetation 
phenology and nutrient availability during the period immediately after 
cal.vj~ng. Several autnors have described utilization of coastal areas, snow 
drifts, ice pans, barren ridges, river deltas, mud flats, and gravel bars by 
cat"ibcu for relief from harassment by insects, (Calef and Lortie 1973, White 
et al. 1975, Surrendi and DeBock 1976). 

Due to the wide-ranging migratory behavior of barren ground caribou the 
concept of carrying capacity as it is traditionally used for less migratory 
herbivnr'es, such as livestock, is not entirely applicable for caribou (Skoog 
l96b). Certain areas within a caribou herd's range may not be used by caribou 
for' a long period. But as herd movement patterns shift (possibly due to 
cl :i_ma. LLC changes), these infrequently used areas may become important. Such 
aspects of caribou range ecology require a broad interpretation of the 
carrying capacity concept, which includes considerations of these vast, 
l Lly used areas which may be important in the long term. Several efforts 
have Leen made to theoretically calculate the carrying capacities of certain 
cal" ibcu ranges. Using basic range inventory techniques, such efforts have 
usually identified much higher capacities than are actually exhibited by the 
populations (Calef 1974). Some theoretical carrying capacities have varied 
from 1.2 caribou/km2 on the Forty-mile Caribou herd range (Skoog 1956) to 
3.7 reindeer/km2 on the Mackenzie River delta reindeer range (Porsild 1929 
as cited by Calef 1974). No density value has been derived for the PH. Using 
the estimated range size of 250,000 km2 (Mair and Cowan 1978), the PH 
currently occupies its range at a density of approximately 0.66 
cari~bou/km2. It is likely that there may be significant areas within the PH 
range that are not used by caribou and that the actual density of occupied 
ha~itat is higher. Carrying capacity values useful to caribou management 
cannot be developed until a comprehensive understanding of the herd's range 
and its utilization is achieved. 

Portions of the PH range in Alaska which include calving and post-calving 
habitats have been mapped for vegetation and landform (Walker et al. 1982) and 
other components of the herd's range within the ANWR are currently being 
mapped (See Chapter 3). Land cover on Canadian portions of the herd's range 
are also beginning to be mapped. However, substantial work is still needed tO 
develop a comprehensive range map for the PH. 
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Central Arctic Herd 

Range, Distribution, and Movement 

The identity of a separate, discrete caribou herd occupying an area of the 
arctic slope between the ranges of the western arctic herd (WAH) and the Prl 
(Fig. 1) was confirmed by Cameron and Whitten (1976 and 1979). Previous 
publications (Olson 1959, Skoog 1968, Gavin 1971, LeResche 1972, Child l97~ 
Roseneau et al. 1974, Roseneau and Stern 1974, White et al. 1975, Ros<:ne,~ .. 
and Curatolo 1976) had also mentioned or described caribou that were 
presumably of the Central Arctic Herd (CAH). Its recent range lies north cf 
the Brooks Range from the Colville River on the west and a.t Least a:,; far 
east as Camden Bay and the Sadlerochit Mountains (Cameron et al. 1985). The 
Prudhoe Bay, Kuparuk, and Milne Faint oil field complexes, the Trans-Alaska 
Pipeline, and the Dalton Highway occur within the range of the CAH. 

The CAH winters primarily in the foothills and mountain valleys of r,n,c 
southern portion of its range. Pregnant females migrate north in the sor 1cg 
to calving grounds located on the northern coastal plain. Tne CAH cal.J~r1r:c 

distribution extends across the arctic coastal plain from the Colville ?i~e! 

to the Canning River delta. In years of late snow-melt and flooa 
conditions on the coastal plain, the herd sometimes calves in dryer· upland 
sites such as the Franklin Bluffs area (Whitten and Cameron 1985). Calving 
activity in the Prudhoe Bay area was reported by Gavin (1971), Child (l913J, 
and White et al. ( 1975), when the Prudhoe Bay oil field was beginning tc be 
developed. Later studies (Cameron and Whitten 1979 and 1980, Cameron~~ al. 
1981, Whitten and Cameron 1985) indicate an absence of calving near trc 
coast at Prudhoe Bay during 1976-1985 possibly due to avoidance of the area 
by calving caribou. Two centers of concentrated calving activity have been 
identified. One area lies west of Prudhoe Bay in the vicinity of the 
Kuparuk and Ugnuravik Rivers, the other area is east of Prudhoe Bay, 
primarily in the Bullen Point to Canning River delta area (Shiedler 1986). 
A portion of this eastern calving grounds extends into the ANWR study area 
(Cameron et al. 1985). Surveys conducted in 1981 indicate that the Canning 
River delta area may support more calving caribou than the Kuparuk area 
(Whitten and Cameron 1985). 

Following calving, portions of the CAH usually move eastward along the coast 
in post-calving aggregations. Caribou movements from the west often cross 
the Canning River delta and pass into the ANWR study area (Cameron et al. 
1985). These aggregations gradually disperse into smaller groups; some move 
back along the coast to the west, others remain in the Canning River delta 
to Marsh Creek area. In mid-July, when insect harassment intensifies, bands 
of CAH caribou can be found seeking relief on the coastal beaches, sand 
dunes, shorefast ice, and barrier islands of the Canning River delta to 
Camden Bay area. 

A gradual southward movement of the CAH occurs in late August and early 
September. This movement is usually accelerated by the first heavy 
snowfall. In years of "mild" weather, significant numbers of caribou have 
been found wintering on the coastal plain (Whitten per. comm.). The 
foothills are used more extensively in years of harsh weather and deep snow 
~~nditi_ons. Scattered groups of the CAH also winter east of the Canning 
M lVer .ln the ANWR study area in the foothills north of the Sadlerochit 
( ounta1ns, along the Canning River, and in the vicinity of Schrader Lake, 
Cameron et al. 1985). 

242 



~ 

PopuJ3~lon Characteristics 

As a result of detailed studies in 1974 and 1975, ADF&G biologists estimated 
t:1at the CAH numbeced about 5,000 (Cameron and Whitten 1976). The het"d vias 
estin:ateo at 6,000 in 1978, 9,000 in 1981 (Whitten and Cameron l983b), and 
about 15,00(1 in 1985 (Whitten pers. comm.). The apparent herd increase over 
the past 10 years has been attributed to high calf production and survival 
as well as relatively light hunting pressure (Whitten and Cameron l983b). 

Extent, Location, and Carrying Capacity of Habitats 

The range of the CAH currently consists of approximately 45,000 km2 of 
treeless arctic tundra located north of the Brooks Range continental 
,jivirJe. Mosc, of the range is a broad expanse of low arctic coastal plain 
,mich gcadually transcends to a wide foothill region. The southern margin 
cf tr1~-: rar"ge c<msists of mountainous terrain. The arctic coastal plain is 
,~:,ar'Qc:~e'' lzed by flat, poorly drained tundra with numerous thaw lakes and 
ponds. Wet sedge meadows predominate. The foothills region is 
cnaracLerized by rolling uplands where tussock tundra (Eriophorum vaginatum) 
is the !-Jl'ecomina te vegetative cover. Riverine habitats in the foothills 
support aense shrub communities (willow) and complex mosaics of forbs, 
herbs, and llchens. The mountainous terrain consists of barren rock and 
scr'e::: slopes, dry upland meadows, and braided river beds with extensive 
gravel deposits. Detailed vegetative cover maps have been developed for 
portions of the CAH's range in the vicinity of the Prudhoe Bay oilfields and 
Lhe Trcms Alaska Pipeline Corridor (Markon 1980, Walker et al. 1980). A 
broad scale vegetation mapping program is currently being developed for the 
region by the North Slope Borough. 

Because the CAH is relatively non-migratory and remains north of the Brooks 
Range throughout the year, its pattern of habitat utilization differs 
substantially from that of the PCH. In spring pregnant females of the CAH 
move north to calving areas near the coast where no new growth of forage 
occurs at the peak of calving activity (Roby 1978). Calving habitats are 
characterized by low wet tundra. Parturient caribou often select eleva ted 
polygon ridges during the calving period (Roby 1978). Use of tussock 
uplands for calving by the CAH is usually limited due to a lack of this 
habitat in the calving grounds. 

Male caribou tend to follow plant phenology which progresses from south to 
north (Whitten and Cameron l980c, Roby 1978). This pattern results in a 
spatial separation of males and females. Segregation of sexes continues 
through the summer with males demonstrating a strong affinity for riparian 
areas, especially during August (Roby 1978, Curatolo 1985). Carruthers et 
al. (1984) suggests that natural habitat selection patterns based on sex may 
account for the low representation of females and young calves near oil and 
gas development areas reported by Cameron and Whit ten ( 1980), and Whit ten 
and Cameron (1985). Resolution of these conflicting interpretations has not 
been entirely possible due to a lack of adequate baseline data on cariboU 
habitat use patterns prior to petroleum developments. Recently, the 
comparison of caribou habitat use prior to and after construction and use of 
a new road system has shown that female caribou with young calves do avoid 
disturbed areas (Dau and Cameron in press). 
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The CAH obtain relief from insects (mosquitoes) primarily in coastal 
habitats. Potential insect relief areas in mountainous terrain in the 
southern portion of the range are not used, perhaps due to of the relative 
distance from calving areas and summer ranges. Important insect rel!ef 
habitat for the CAH occurs within the ANWR study area in the Canning River 
delta and the coastal area at Camden Bay. 

During winter most caribou of the CAH utilize habitats in the southern 
foothills and mountain valleys where lichens are more abundant. Al th;mgh 
the north slope is generally low in lichen abundance, they are the most 
heavily utilized winter forage items by the CAH (Roby 1978). Another 
preferred winter food is a wintergreen species (Equisetum variegatum) wh1ch 
is intensively grazed along river courses (Roby 1978). 

Because of the relative low abundance of lichens in the tundra ranges nortn 
of the Brooks Range, the winter range carrying capacity of the CAH may t:e 
limited in comparison to the PH and western arctic herd which move to rjch 
lichen areas south of the Brooks Range (Roby 1978). It is net known 
however, to what extent alternative winter forge can be successfully 
utilized by caribou wintering in the CAH. Currently, the CAH occupies its 
range at a density of approximately 0.33 caribou/km2. 

Effects of Human Activities on Caribou 

Interactions between man and caribou in northeastern Alaska date back at 
least 27,000 years. Caribou fences, archeological sites, and elements of 
Kutchin Indian and Inupiat Eskimo cultures attest to the early relationship 
of hunter and caribou in the region. There is no evidence that ear-ly man 
and his structures had significant impacts on caribou herds (Klein l980a). 

Western man introduced firearms to northeastern Alaska, and the ease of 
killing caribou increased. Historical accounts indicate fair-ly high 
harvests during the late 1800's and early 1900 1 s (Stone 1900, Leffingwell 
1919). Considerable numbers of caribou were taken for food by overwintering 
whalers at Herschel Island at the turn of the century. Discovery of gold in 
the Klondike region of the Yukon Territory brought a wave of miners into the 
southern range of the PH. Records indicate that caribou was a popular food 
resource for these miners (Skoog 1968). 

The next major influx of human activity in the range of the PH and CAH came 
in the 1950's, following World War II when the Distant Early Warning radar 
sites were constructed. During this time, supply trails were used to carry 
equipment to the arctic coast from Dawson, Yukon Territory and Circle, 
Alaska. Oil and gas exploration within the PH's range began in Canada 
during the early 1960's in the Eagle River - Peel River plateau region. 
Both seismic exploration and exploratory drilling were conducted at this 
time. Construction of the Dempster Highway from Dawson to Inuvik was 
initiated in the 1960's and completed in 1978. The highway transects major 
Winter ranges and migration routes of the PH (Fig. 1). 

Other significant human events which have influenced the PH and CAH, 
directly oc indirectly, were establishment of the Arctic National Wildlife 
Range in 1960, the introduction of snowmobiles as a form of winter 
transportation (late 1960's), discovery of oil and gas at Prudhoe Bay and 
the Mackenzie River delta in 1968, settlement of aboriginal land claims in 
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Popul3: ion Characteristics 

As a res.;lt of detailed studies in 1974 and 1975, ADF&G biologists estimated 
t~1a t the CAH numbered about 5, 000 (Cameron and Whit ten 197 6) . The herd vJas 
est1.watea at 6,000 in 1978, 9,000 in 1981 (Whitten and Cameron l983b), and 
about l5,000 in 1985 (Whitten pers. comm.). The apparent herd increase over 
t~.he past J 0 years has been attributed to high calf production and survival 
as well as relatively light hunting pressure (Whitten and Cameron l983b). 

Extent, Location, and Carrying Capacity of Habitats 

EJE:: range of the CAH currently consists of approximately 45,000 km2 of 
treeless arctic tundra located north of the Brooks Range continental 
JiVJ_de. Most of the range is a broad expanse of low arctic coastal plain 
v{'1i:.;t-" :;cadually tcanscends to a wide foothill region. The southern margin 
cf tnr: r~,mgc::: c.:)n:c;ists of mountainous terrain. The arctic coastal plain is 
.:;r,ar'3.C:::'·:·czed by flat, poorly drained tundra with numerous thaw lakes and 
punds. Wet sedge meadows predominate. The foothills region is 
characLerized by rolling uplands where tussock tundra (Eriophorum vaginatum) 
is the f.-•I'ecomina te vegetative cover. Riverine habitats in the foothills 
support Ganse shrub communities (willow) and complex mosaics of forbs, 
heros, and lichens. The mountainous terrain consists of barren rock and 
scr·e":; slopes, dry upland meadows, and braided river beds with extensive 
f~ravel deposits. Detailed vegetative cover maps have been developed for 
portions of the CAH's range in the vicinity of the Prudhoe Bay oilfields and 
t.he Trar1s Alaska Pipeline Corridor (Markon 1980, Walker et al. 1980). A 
oroaa scale vegetation mapping pcogram is currently being developed for the 
region by the North Slope Borough. 

decause the CAH is relatively non-migratory and remains north of the Brooks 
Range throughout the year, its pattern of habitat utilization differs 
substantially from that of the PCH. In spring pregnant females of the CAH 
move north to calving areas near the coast where no new growth of forage 
occurs at the peak of calving activity (Roby 1978). Calving habitats are 
characterized by low wet tundra. Parturient caribou often select elevated 
polygon ridges during the calving period (Roby 1978). Use of tussock 
uplands for calving by the CAH is usually limited due to a lack of this 
habitat in the calving grounds. 

Male caribou tend to follow plant phenology which progresses from south to 
north (Whitten and Cameron l980c, Roby 1978). This pattern results in a 
spatial separation of males and females. Segregation of sexes continues 
through the summer with males demonstrating a strong affinity for riparian 
areas, especially during August (Roby 1978, Curatolo 1985). Carruthers et 
al. (1984) suggests that natural habitat selection patterns based on sex maY 
account for the low representation of females and young calves near oil and 
gas development areas reported by Cameron and Whit ten ( 1980), and Whit ten 
and Cameron (1985). Resolution of these conflicting interpretations has not 
been entirely possible due to a lack of adequate baseline data on cariboU 
habitat use patterns prior to petroleum developments. Recently, the 
comparison of caribou habitat use prior to and after construction and use of 
a new road system has shown that female caribou with young calves do avoid 
disturbed areas (Dau and Cameron in press). 
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The CAH obtain relief from insects (mosquitoes) primarily in coastal 
habitats. Potential insect relief areas in mountainous terrain in the 
southern portion of the range are not used, perhaps due to of the relative 
distance from calving areas and summer ranges. Important insect relief 
habitat for the CAH occurs within the ANWR study area in the Canning River 
delta and the coastal area at Camden Bay. 

During winter most caribou of the CAH utilize habitats in the southern 
foothills and mountain valleys where lichens are more abundant. Al th .. mgh 
the north slope is generally low in lichen abundance, they are the most 
heavily utilized winter forage items by the CAH (Roby 1978). Another 
preferred winter food is a wintergreen species (Equisetum variegatum) which 
is intensively grazed along river courses (Roby 1978). 

Because of the relative low abundance of lichens in the tundra ranges nortn 
of the Brooks Range, the winter range carrying capacity of the CAH may t>e 

limited in comparison to the PH and western arctic herd which move to rjch 
lichen areas south of the Brooks Range (Roby 1978). It is net known 
however, to what extent alternative winter forge can be successfully 
utilized by caribou wintering in the CAH. Currently, the CAH occupies its 
range at a density of approximately 0.33 caribou/km2. 

Effects of Human Activities on Caribou 

Interactions between man and caribou in northeastern Alaska date back at 
least 27,000 years. Caribou fences, archeological sites, and elements of 
Kutchin Indian and Inupiat Eskimo cultures attest to the early relationship 
of hunter and caribou in the region. There is no evidence that early man 
and his structures had significant impacts on caribou herds (Klein l980a). 

Western man introduced firearms to northeastern Alaska, and the ease of 
killing caribou increased. Historical accounts indicate fairly high 
harvests during the late 1800's and early 1900's (Stone 1900, Leffingwell 
1919). Considerable numbers of caribou were taken for food by overwintering 
whalers at Herschel Island at the turn of the century. Discovery of gold in 
the Klondike region of the Yukon Territory brought a wave of miners into the 
southern range of the PH. Records indicate that caribou was a popular food 
resource for these miners (Skoog 1968). 

The next major influx of human activity in the range of the PH and CAH came 
in the 1950's, following World War II when the Distant Early Warning radar 
sites were constructed. During this time, supply trails were used to carry 
equipment to the arctic coast from Dawson, Yukon Territory and Circle, 
Alaska. Oil and gas exploration within the PH's range began in Canada 
during the early 1960's in the Eagle River - Peel River plateau region. 
Both seismic exploration and exploratory drilling were conducted at this 
time. Construction of the Dempster Highway from Dawson to Inuvik was 
initiated in the 1960's and completed in 1978. The highway transects major 
Winter ranges and migration routes of the PH (Fig. 1). 

Other significant human events which have influenced the PH and CAH, 
directly or indirectly, were establishment of the Arctic National Wildlife 
Range in 1960, the introduction of snowmobiles as a form of winter 
transportation (late 1960's), discovery of oil and gas at Prudhoe Bay and 
the Mackenzie River delta in 1968, settlement of aboriginal land claims in 
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Alaska in 1971, and passage of the Alaska National Interest Lands 
Conservation Act of 1980, which expanded the boundaries of ANWR, and 
resulted in geological and geophysical exploration in the ANWR coastal 
plain. Native groups and government officials have recently reached 
agreement on land claims and caribou management issues on Canadian lands 
,.,ith!n the range of the PH. A national park has also been established in 
the northern Yukon. 

The sport harvest of the PH has remained relatively low in Alaska. State 
lm·-.r currently allows for an annual bag limit of 5 caribou from the PH's 
range. Recent subsistence harvests of caribou by Kaktovik residents have 
v2r·::_ed between 43 and 110 caribou per· year and have been about equally 
divided betv;een the PH and CAH herds (Pedersen and Coffing 1984). Annual 
subsistence harvest of caribou from the PH by residents of the Arctic 
Village area range from 300 to 1,000 (Whitten pers. comm.) with an 
ad~1tional 1000 to 3000 caribou harvested annually in Canada (Yukon 
Department of Renewable Resources pers. comm.). The annual harvest of 
c~aribou from the PH has beC?n estimated at less than 5,000 and has averaged 
)'l, or less of the estimat·ed total population (LeResche 1975, Surrendi and 
L'ebock 1976, Davis 1980, whitten and Camer'on 1980b). The reported harvest 
of the CAH has jncreased from 81 (1982-1983) to 368 (1984-1985) and 800-1000 
(1985-1986), due primarily to increased use of the Dalton Highway by sport 
hunters (Barne~t 1983, Whitten pers. comm.). 

Excessive harvests and, in some cases, predation have been attributed to 
declines in several North American caribou populations (Bergerud l974a, 
Davis et al. 1980). Current harvest levels of the PH appear to be 
sustainable. However, some biologists have expressed concern that if harvest 
levels increase slightly, a decline may occur (Bergerud 1980). Of 
particular concern is the prospect of increased harvest levels resulting 
from improved access afforded by new roads such as the Dempster Highway in 
Canada (for the PH) and the Dalton Highway in Alaska (for the CAH). 

Other human interactions with both the PH and CAH caribou include contact by 
recreationists, air charter operators, trappers, geologists, biologists, 
other scientists, and land administrators. Concern has been expressed about 
the potential effects of human contact with on the calving grounds and 
post-calving areas, especially during post-calving migrations of the PH at 
river crossings (Calef and Lortie 1973), although no data are available to 
evaluate the effect of this type of disturbance. 

Natural Processes Affecting Caribou 

Naturally occurring events or factors which influence caribou populations 
were extensively discussed by Skoog (1968) and Kelsall (1968). Thomson 
0973), Bergerud (1974b), Curatolo 1975), and Roby (1978) provided 
desl..'ciyLiorj.s of the behavioral responses of wild reindeer and caribou to 
external environmental factors. Weather, predation, insects, and forage 
resources usually exert the strongest influences on caribou populationS• 
Other natural factors known to influence caribou include diseases' 
parasites, accidents, and fire. 

Weather 

General climatic data for the study area are presented 
detailed Lnfot'mation regarding many facets of weather 
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in Chapter 2, bUt 
which may affect 

caribou in the study area is lacking. Storms with high winds, low 
temperatures, and moisture were assumed to be associated with observed high 
calf mortality on calving grounds in northern Canada east of the Mackenzie 
River (Banfield 1954, Kelsall 1968). A recent re-evaluation of such cases 
indicates that factors other than weather may have been responsible for the 
reported calf mortality (Miller and Gunn, in press). Comparable instances 
of storm-induced calf mortality have not been reported on calving grounds in 
the study area or elsewhere in Alaska. 

Much has been written regarding snow conditions and caribou (Pruitt 1959, 
Lent 1964, Henshaw 1968, Kelsall 1968, Skoog 1968, LaFerriere and Lent 1977, 
Thompson and Roseneau 1978, Lent 1980). When ice-crusted snow prevents 
access to winter forage massive die-offs of caribou can occur (Klein 1968, 
Skoog 1968). Apparently ice-crusting is not common for caribou herds 
associated with the ANWR study area. Ice-crusting conditions are more 
prevalent in western Alaska bordering the Bering Sea (Skoog 1968). Deep 
snow combined with late spring breakup tend to retard spring migration, 
resulting in caribou failing to reach the central calving ground prior to 
the birth of calves. Increased mortality of calves may occur under such 
conditions (Lent 1966). 

Predation 

Predation is considered to be a significant mortality factor for most North 
American caribou herds (Kelsall 1968, Skoog 1968, Bergerud 1974b). The 
influence of predation on the PH and CAH is not yet fully understood. 
Studies on predator populations, movements, and food habits were begun only 
recently, and data over the entire range of these herds have not been 
collected. The brown bear, black bear, polar bear, wolf, coyote, red fox, 
arctic fox, lynx, wolverine, golden eagle, bald eagle, and raven have been 
listed as predators or potential predators of North American caribou (Skoog 
1968). Wolves, brown bears, and golden eagles are the primary predators of 
both the PH and CAH. A brief overview of each of these species relative to 
~edation of PCH and CAH caribou is presented here. Additional information 
about these predators are discussed in Chapter 4 and later sections of this 
chapter. 

~. For most large caribou herds in North America', the wolf is the most 
Significant predator (Kelsall 1968, Skoog 1968). The wolf has been 
hypothesized as a central factor in the evolution of behavioral 
Characteristics of caribou resulting in adaptations such as migrations to 
~reas of low wolf density for calving; synchrony of calving; gregarious 
ehavior; the size, shape and clumping nature of groups; formation of 
~ggregations; alertness to moving stimuli; and avoidance of ambush terrain 

Dor structures resembling ambush features) (Bergerud 1974a and l974b, 
auph · 

d lne and McClure 1974, Cummings 1975, Curatolo 1975, Roby 1978). The 

0;nsity of wolves in the ANWR study area and remainder of the arctic slope 
a ANWR is considered to be relatively low. A minimum of 17 wolves were 
~~~~Ociated with calving and post-calving habitats of the PH within the 
lgaihern portion of the ANWR in both 1984 and 1985 (Weiler et al. 1985 and 
rab·) · This number remained constant in spite of wolf mortalities due to 
relles and hunting during the spring of 1985. Most wolf sightings and 
Pro~~ations of radio-collared wolves were in the foothill and mountain 
thatlnces .south of the ANWR study area. Nine wolves were known to inhabit 

Portlon of the range of the CAH within or adjacent to the ANWR study 
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Ala~ka in 1971, and passage of the Alaska National Interest Lands 
Cor,s.~r'\'a t ion Act of 1980, which expanded the boundaries of ANWR, and 
resulted in geological and geophysical exploration in the ANWR coastal 
pla1n. Native groups and government officials have recently reached 
agn::err1ent on land claims and caribou management issues on Canadian lands 
>¥itr:!_n the range of the PH. A national park has also been established in 
the northern Yukon. 

T:-te sport harvest of the PH has remained relatively low in Alaska. State 
~'l,'d currently allows for an annual bag limit of 5 caribou from the PH's 
range. Recent subsistence harvests of caribou by Kaktovik residents have 
vc-.r<.t:Ci bet-ween 43 and 110 caribou per· year and have been about equally 
divideG oetwl~en the PH and CAll herds (Pedersen and Coffing 1984). Annual 
""',;L:i.sUnc:e harvest of caribou from the PH by residents of the Arctic 
hJ lage area range from 300 to l, 000 (Whit ten pers. comm.) with an 
~~lltional 1000 to 3000 caribou harvested annually in Canada (Yukon 
Department of Renewable Resources pers. comm.). The annual harvest of 
C'arirJOU from the PH has beC?n estimated at less than 5,000 and has averaged 
_)% oc less of the estimatrod total population (LeResche 1975, Surrendi and 
Llebcclt 1976, Davis 1980, 1t!hitten and Cameron l980b). The reported harvest 
of th~ CAH has increased from 81 (1982-1983) to 368 (1984-1985) and 800-1000 
(l9d5-l986), due primarily to increased use of the Dalton Highway by sport 
hunters (Barnett 1983, Whitten pers. comm.). 

Excessive harvests and, in some cases, predation have been attributed to 
declines in several North American caribou populations (Bergerud 1974a, 
Davis et al. 1980). Current harvest levels of the PH appear to be 
sustainable. However, some biologists have expressed concern that if harvest 
levels increase slightly, a decline may occur (Bergerud 1980). Of 
particular concern is the prospect of increased harvest levels resulting 
from improved access afforded by new roads such as the Dempster Highway in 
Canada (for the PH) and the Dalton Highway in Alaska (for the CAH). 

Other human interactions with both the PH and CAH caribou include contact by 
recreationists, air charter operators, trappers, geologists, biologists, 
other scientists, and land administrators. Concern has been expressed about 
the potential effects of human contact with on the calving grounds and 
post-calving areas, especially during post-calving migrations of the PH at 
river crossings (Calef and Lortie 1973), although no data are available to 
evaluate the effect of this type of disturbance. 

Natural Processes Affecting Caribou 

Naturally occurring events or factors which influence caribou populations 
were extensively discussed by Skoog (1968) and Kelsall (1968). Thomson 
0973), Bergerud (l974b), Curatolo 1975), and Roby 0978) provided 
descriptions of the behavioral responses of wild reindeer and caribou to 
external environmer1tal f3ctors. Weather, predation, insects, and forage 
r·esour-c;es usually exert the strongest influences on caribou populations. 
Other :1atural factors known to influence caribou include diseases, 
parasites, ac2idents, ana fire. 

Weather 

Ge:1er·a1 climatic data for the study 
detc<le:ci ~nfonnation regd.l"ding many 

area are presented in Chapter 2, but 
facets of weather which may affect 
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caribou in the study area is lacking. Storms with high winds, low 
temperatures, and moisture were assumed to be associated with observed high 
calf mortality on calving grounds in northern Canada east of the Mackenzie 
River (Banfield 1954, Kelsall 1968). A recent re-evaluation of such cases 
indicates that factors other than weather may have been responsible for the 
reported calf mortality (Miller and Gunn, in press). Comparable instances 
of storm-induced calf mortality have not been reported on calving grounds in 
the study area or elsewhere in Alaska. 

Much has been written regarding snow conditions and caribou (Pruitt 1959, 
Lent 1964, Henshaw 1968, Kelsall 1968, Skoog 1968, LaFerriere and Lent 1977, 
Thompson and Roseneau 1978, Lent 1980). When ice-crusted snow prevents 
access to winter forage massive die-offs of caribou can occur (Klein 1968, 
Skoog 1968). Apparently ice-crusting is not common for caribou herds 
associated with the ANWR study area. Ice-crusting conditions are more 
prevalent in western Alaska bordering the Bering Sea (Skoog 1968). Deep 
snow combined with late spring breakup tend to retard spring migration, 
resulting in caribou failing to reach the central calving ground prior to 
the birth of calves. Increased mortality of calves may occur under such 
conditions (Lent 1966). 

Predation 

Predation is considered to be a significant mortality factor for most North 
American caribou herds (Kelsall 1968, Skoog 1968, Bergerud l974b). The 
influence of predation on the PH and CAH is not yet fully understood. 
Studies on predator populations, movements, and food habits were begun only 
recently, and data over the entire range of these herds have not been 
collected. The brown bear, black bear, polar bear, wolf, coyote, red fox, 
arctic fox, lynx, wolverine, golden eagle, bald eagle, and raven have been 
listed as predators or potential predators of North American caribou (Skoog 
1968). Wolves, brown bears, and golden eagles are the primary predators of 
both the PH and CAH. A brief overview of each of these species relative to 
predation of PCH and CAH caribou is presented here. Additional information 
about these predators are discussed in Chapter 4 and later sections of this 
chapter. 

Wolves. For most large caribou herds in North America·, the wolf is the most 
Significant predator (Kelsall 1968, Skoog 1968). The wolf has been 
hypothesized as a central factor in the evolution of behavioral 
characteristics of caribou resulting in adaptations such as migrations to 
areas of low wolf density for calving; synchrony of calving; gregarious 
behavior; the size, shape and clumping nature of groups; formation of 
aggregations; alertness to moving stimuli; and avoidance of ambush terrain 
(or structures resembling ambush features) (Bergerud l974a and 1974b, 
Dauphine and McClure 1974, Cummings 1975, Curatolo 1975, Roby 1978). The 
density of wolves in the ANWR study area and remainder of the arctic slope 
or ANWR is considered to be relatively low. A minimum of 17 wolves were 
associated with calving and post-calving habitats of the PH within the 
northern portion of the ANWR in both 1984 and 1985 (Weiler et al. 1985 and 
1986). This number remained constant in spite of wolf mortalities due to 
rabies and hunting during the spring of 1985. Most wolf sightings and 
relocations of radio-collared wolves were in the foothill and mountain 
Provinces south of the ANWR study area. Nine wolves were known to inhabit 
that portion of the range of the CAH within or adjacent to the ANWR study 
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area during 1984 and 1985. Wolf densities throughout the remainder of both 
herd's ranges are not known. Wolf predation on young caribou calves on the 
calving grounds of the PCH has been relatively low (Whitten et al. 1984, 
1985a, and l986a). During calving and post-calving periods, detected cases 
of wolf predation on all age classes of PH caribou were located 
predominately in the foothill and mountain provinces to the south and 
southeast of the "core" calving grounds (Whitten 1984, l985a, and l986a). 
These locations correspond closely to known areas of wolf occurrence (Weiler 
et al. 1985, 1986). Wolves are considered to be rare on and adjacent to 
calving areas of the CAH (Roby 1978, Shiedler 1986). 

Br8wn Bears. Brown bears are generally more numerous in and adjacent to the 
ANWR study area than are wolves and may be a more significant predator of 
young calv9s on the PH calving grounds (Calef and Lortie 1973; Roseneau and 
Curatolo 1976; Garner et al. 1984, 1985, and 1986; Whitten et al. 1984, 
l985a, and l986a). Movements of most radio-collared brown bears inhabiting 
tr;r' foothill and mountain provinces located south and southeast of the PH 
"r;ore" calving area correspond closely with caribou arrival upon and 
orccupancy of the calving grounds (Garner et al. 1984, 1985, and 1986). 
Evidence collected during calf mortality studies, as well as other wildlife 
studies, indicated that brown bears killed young calves during a relatively 
short time ~eriod when newborn calves lack adequate mobility to escape 
(Garner et al. 1984, 1985, and 1986; Whitten et al. 1984, l985a, and 
l986a). Brown bears are also effective scavengers of caribou carcasses of 
all age classes on the calving and post-calving areas. The overall effect 
of predation by brown bears on the total calf cohort of the PH is negligible 
(Whitten et al. 1984, l985a, l986a). Brown bears are relatively uncommon on 
the calving areas of the CAH and probably are an insignificant mortality 
factor for this herd (Roby 1978, Shiedler 1986). 

Golden Eagles. Relatively high numbers of golden eagles in and adjacent to 
the calving and post-calving areas of the PH have been observed (Calef and 
~"ortie lgc[3, Roseneau and Curatolo 1976, Whitten et al. 1984, Mauer 1985b, 
a:1d 19.36). A majority (80-90%) of golden eagles observed in association 
with the herd during the calving and post-calving season were sub-adults 
('\oseneau and Curatolo 1976, Mauer l985b). During this time, most adult 
golden eagles occupied nesting territories located in the mountains south of 
the calving grounds (Mauer l985b). Golden eagles prey on young caribou 
calves from the beginning of calving in late May until as late as July 26 
(Mauer l985b). During this period, PH caribou calf mortality due to 
predation by golden eagles may equal or exceed that of brown bears (Whitten 
e~ al. 1984, l985a, and l986a; Mauer 1985b and 1986). Although eagles are 
considered the most mobile of the 3 predators on the calving grounds, most 
predation of calves by eagles occurred in the foothill and mountain 
provinces located to the south and southeast of the "core" calving areas 
(Whitten et al. 1984, l985a, and l986a; Mauer l985b and 1986). Golden 
eagles are apparently less abundant on calving areas of the CAH and are not 
considered a significant mortality factor (Roby 1978). 

Investigations of neonatal caribou calf mortality on the PH calving grounds 
_co_nd post-calving areas found that predation by wolves, brown bears, and 
golden eagles accounted for 54-80% of observed mortality (Whitten et al. 
1984, l985a, l986a). Other factors such as pneumonia, drowning and 
starvation/abandonment contributed to the remainder of early calf 
mortality. Overall calf mortality on the PH calving grounds and adjacent 
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areas was low, ranging from 10-25% (Whitten et al. 1984, l985a, 1986a). 
current conditions and calving distributions, predation occurring on the 
calving grounds does not appear to have a significant effect on t 
population. Predation observed among calves born nearer to higher densi 
predator areas in the south/southeastern foothill and mountain terrains w 
3 times higher than calf predation within the "core" calving area (Whitt 
et al. 1984, l985a, and l986a). 

Insects/parasites 

Effects of insect harassment on caribou have been well documented. Fr 
late June to late July caribou are plagued by mosquitoes. During the end , 
this period, oestrid flys (warble and nasal bot flys) emerge and harassme1 
from these insects usually lasts beyond mid-August. Kelsall ( 196: 
hypothesized that post-calving aggregations were partially a response 
insect (mosquito) harassment. The advantage of clumping behavior was sho1 
by Helle and Aspi 0983) who found significantly less mosquitoes at tl 
center of reindeer groups that at the periphery. White et al. 097~ 
reported that under extreme mosquito harassment, CAH caribou at Prudhoe Be 
tended to move faster, form larger groups, and to seek refuge by movir 
nearer to the coast where the wind provided relief. Caribou of tr 
Forty-mile herd moved to north facing slopes for relief from mosquitc 
(Curatolo 1975). Calef and Lortie 0973) ·reported that PH clumped int 
dense groups and sought relief from insects by standing and lying on snc 
drifts and wind swept ridges. In contrast, August dispersal may be 
response to warble fly harassment (Curatolo 1975). Caribou harassed t 
oestrid flys elicit "aberrant running" behavior (Curatolo 1975) and "rigi 
standing" (Epsmark 1968). In reindeer, severe insect harassment influence 
growth and survival of young calves (Haukioja and Salovaara 1978, Helle an 
Tarvainen 1984). 

Warble flys (Oedemagena tarandi) and nasal bot flys (Cephenomyia trompe) ar 
2 parasites of caribou (Kelsall 1968, Skoog 1968). During July and August 
adult warble flys lay eggs on the hair of caribou. Hatched larvae bor 
through the skin and migrate to the back region, where they remai 
throughout the winter. In June, the larvae emerge and drop to the ground 
Serious infestations range from several 100 to as many as 1000 warble larva 
on a single caribou (Dieterich 1980). Heavy warble fly infestations ca 
impair the animal's overall health, cause local infections, and sometime. 
result in death (Dieterich 1980). 

Nasal bot flys torment caribou during the summer period (June-August) b: 
depositing minute larvae in the nostrils which migrate to tht 
retropharyngeal-pouch of the throat (Skoog 1968). The larvae emerge full: 
grown (30 mm long) in mid-May (Skoog 1968). Heavy infestations of bot fl~ 
larvae contribute to the general depletion of an animals' energy reserves 
but may not be a direct mortality factor. 

Forage Resources 

The influence of range conditions (forage quality, quantity, anc 
availability) on the health and productivity of reindeer and caribou herd~ 
has received considerable study. Although there are many comple;. 
inter-relationships which remain only poorly understood, a few principle:o: 
are well established. Several northern ungulates, including caribou, 
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rea during 1984 and 1985. Wolf densities throughout the remainder of both 
-~rd's ranges are not known. Wolf predation on young caribou calves on the 

•: gr·ounds of the PCH has been relatively low (Whitten et al. 1984, 
>·:;d, ::;•;d l986a). During calving and post-calving periods, detected cases 
~~ wclf predation on all age classes of PH caribou were located 
orenoreinately in the foothill and mountain provinces to the south and 
c: ·,trL<l t of' the "core" calving grounds (Whitten 1984, l985a, and l986a). 

locations correspond closely to known areas of wolf occurrence (Weiler 
1. l':J 1986). Wolves are considered to be rare on and adjacent to 

'~~ng areas of the CAH (Roby 1978, Shiedler 1986). 

El" ::,vm J?E:ars. Brown bears are generally more numerous in and adjacent to the 
Aii•··iR cc;tudy area than are wolves and may be a more significant predator of 
·rJtmg calv'Js en the PH calving grounds (Calef and Lortie 1973; Roseneau and 
:)r-cctolo 1 :]76; Garner et al. 1984, 1985, and 1986; Whitten et al. 1984, 

1. ,i:J':)c:,, and l986a). t1ovements of most radio-collared brown bears inhabiting 
t· r foothill and mountain provinces located south and southeast of the PH 
"r;.:;r·c:" calving area correspond closely with caribou arrival upon and 

•cuDar.cy of the calving grounds (Garner et al. 1984, 1985, and 1986). 
•:,,, idC:lC"c collected during calf mortality studies, as well as other wildlife 
•tudies, ir.dicated that brown bears killed young calves during a relatively 
~hort time period when newborn calves lack adequate mobility to escape 
:·~.:J'ner et al. 1954, 1985, and 1986; Whitten et al. 1984, 1985a, and 

:l). Brown bears are also effective scavengers of caribou carcasses of 
:t}j ag,:; classes on the calving and post-calving areas. The overall effect 

predation by brown bears on the total calf cohort of the PH is negligible 
''r:<•: t ten et al. 1934, 1985a, l986a). Brown bears are relatively uncommon on 
t:i~ -· c2l •,; ing areas of the CAH and probably are an insignificant mortality 

• Cl' for thL !1erd ( Roby 1978, Shiedler 1986). 

_~LJen_ E":gles. Relatively high numbers of golden eagles in and adjacent to 
V1E.' cC>Lv2;,g and post-calving areas of the PH have been observed (Calef and 

·. ~e LJ 13, Hoseneau and Curatolo 1976, Whit ten et al. 1984, Hauer l985b, 
· -~ 1986). A majority (80-90%) of golden eagles observed in association 
;L··!' the heed during the calving and post-calving season were sub-adults 

. ·cr·,,,ec,:J and Curatolo 1976, t1auer 1985b). During this time, most adult 
g~ uEr es occupied nesting territories located in the mountains south of 

l grounds (t1auer 1985b). Golden eagles prey on young caribou 
C~lVtS from the beginning of calving in late t1ay until as late as July 26 

'1;iucc l98':)b). During this period, PH caribou calf mortality due to 
~jation by golden eagles may equal or exceed that of brown bears (Whitten 

·~· · :'11 1-Jc.4, l985a, and l986a; Hauer 1985b and 1986). Although eagles are 
·:s~·::ered the most mobile of the 3 predators on the calving grounds, most 

.. a:~ion of calves by eagles occurred in the foothill and mountain 
;;c"?s located to the south and southeast of the "core" calving areas 

/.~-,1tt et al. 1984, l985a, and 1986a; t1auer 1985b and 1986). Golden 
0agLe~ are apparently less abundant on calving areas of the CAH and are not 

s~~e1 2d a significant mortality factor (Roby 1978). 

-- .. 
0 

tions of neonatal caribou calf mortality on the PH calving grounds 
s~-:;al':ir'g areas found that predation by wolves, brown bears, and 

e~· accounted for 54-80% of observed mortality (Whitten et al· 
·~(,·~;-:,, l986a). Other factors such as pneumonia, drowning and 

.LClE::l' 

c1' ''1', .Jc1 ·::,_l:JCindc•nment contributed to the remainder of early calf 
Overall calf mortality on the PH calving grounds and adjacent 

< L i • 
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areas was low, ranging from 10-25% (Whitten et al. 1984, l985a, l986a). At 
current conditions and calving distributions, predation occurring on the PH 
calving grounds does not appear to have a significant effect on the 
population. Predation observed among calves born nearer to higher density 
predator areas in the south/southeastern foothill and mountain terrains was 
3 times higher than calf predation within the "core" calving are2 (Whl tten 
et al. 1984, l985a, and l986a). 

Insects/parasites 

Effects of insect harassment on caribou have been well documented. From 
late June to late July caribou are plagued by mosquitoes. During the end ot 
this period, oestrid flys (warble and nasal bot flys) emerge and harassment 
from these insects usually lasts beyond mid-August. Kelsall ( l So8) 
hypothesized that post-calving aggregations were partially a response tc• 
insect (mosquito) harassment. The advantage of clumping behavior was shown 
by Helle and Aspi (1983) who found significantly less mosquj_toes at che 
center of reindeer groups that at the periphery. White et al. (1']7>_=,) 
reported that under extreme mosquito harassment, CAH caribou at Prudhoe Bay 
tended to move faster, form larger groups, and to seek refuge by moving 
nearer to the coast where the wind provided relief. Caribou of the 
Forty-mile herd moved to north facing slopes for relief from mosquitos 
(Curatolo 1975). Calef and Lortie (1973) ·reported that PH clumped into 
dense groups and sought relief from insects by standing and lying on snow 
drifts and wind swept ridges. In contrast, August dispersal may be a 
response to warble fly harassment (Curatolo 1975). Caribou harassed by 
oestrid flys elicit "aberrant running" behavior (Curatolo 1975) and "rigid 
standing" (Epsmark 1968). In reindeer, severe insect harassment influenced 
growth and survival of young calves (Haukioja and Salovaara 1978, Helle and 
Tarvainen 1984). 

Warble flys (Oedemagena tarandi) and nasal bot flys (Cephenomyia trompe) are 
2 parasites of caribou (Kelsall 1968, Skoog 1968). During July and August, 
adult warble flys lay eggs on the hair of caribou. Hatched larvae bore 
through the skin and migrate to the back region, where they remain 
throughout the winter. In June, the larvae emerge and drop to the ground . 
Serious infestations range from several 100 to as many as 1000 warble larvae 
on a single caribou (Dieterich 1980). Heavy warble fly infestations can 
impair the animal 1 s overall health, cause local infections, and sometimes 
result in death (Dieterich 1980). 

Nasal bot flys torment caribou during the summer period (June-August) by 
depositing minute larvae in the nostrils which migrate to the 
retropharyngeal-pouch of the throat (Skoog 1968). The larvae emerge fully 
grown (30 mm long) in mid-t1ay (Skoog 1968). Heavy infestations of bot fly 
larvae contribute to the general depletion of an animals 1 energy reserves, 
but may not be a direct mortality factor. 

Forage Resources 

The influence of range conditions (forage quality, quantity, and 
availability) on the health and productivity of reindeer and caribou herds 
~as received considerable study. Although there are many complex 
lnter-rela tionships which remain only poorly understood, a few principles 
are well established. Several northern ungulates, including caribou, 
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exhibit seasonal growth cycles in which there is rapid body growth of the 
calves and body fat accumulation in adults during the summer, followed by a 
period )f little or no growth during winter (Wood et al. 1962, Dauphine 
1:176. White et al. 1981). Summer nutrition, body growth, and fat 
accumulation are important in several aspects. Poor" range conditions or 
dist,Jrbed foraging activity can reduce milk production in lactating female 
caribou (White and Luick 1984). Adequate forage resources and access to 
those resources during the period after calving and before insect harassment 
begins are important for growth of calves and nutritional maintenance of 
adults (Zigunov 1961, Reimers et al. 1983). Summer weight gain has been 
shown to be an important factor in survival of reindeer calves (Haukioja and 
Salovaara 1978), and the breeding and pregnancy success of adults. Body 
weight and nutritional status apparently determine the age of sexual 
maturity of the female calf (Reimers et al. 1983). The level of insect 
harassment can affect summer weight gain and calf survival (Helle and 
Tarvainen 1984). Therefore, access to insect relief habitat is important to 
her·d recruitment and productivity. The health and nutritional status of 
pregnant females influences fetal growth (Skoglund 1984), calving time 
(Reimers et al. 1983), calf birth weight, and calf survival (Rognmo et al. 
1983, Skoglund 1984). Quality of winter range can also influence herd 
productivity and growth (Skoglund 1985). Most studies of range ecology, 
nutt"ition, and herd productivity have been conducted on domestic and wild 
reindeer herds in Scandinavia where predator populations are low or 
non-existent. Although some studies have been done in northern Canada 
(Dauphine 1976) and Alaska (White et al. 1975), more information is needed 
about range ecology of the large migratory caribou herds of North America 
where predation may modify the relationship between range condition and 
caribou populations. 

Diseases 

Brucellosis is considered by Skoog (1968) to be the most important of the 
numerous diseases which have been found in caribou. This bacterial disease, 
endemic to caribou and reindeer throughout the world, can cause abortions, 
,_.etained placentas, infection of male organs, weakened health of females, 
and lameness in both sexes (Dieterich 1980). A relatively high incidence of 
brucellosis has been detected in the western arctic herd (Skoog 1968) and is 
increasing in reindeer herds in western Alaska (Dieterich 1980). The status 
of brucellosis in the PH and CAH is not known. Relatively few cases of 
pneumonia and inherited defects have been found which caused mortality among 
young calves of the PH (Whitten et al. 1984, l985a, and l986a). 

Accidents 

Caribou are victims of a number of accidents during their long migrations. 
Many observed accidents occur in association with water· crossings. In the 
barren lands of northern Canada, drowning losses have been reported where 
herds cross rivers in the vicinity of rapids (Clarke 1940, Kelsall 1968). 
In 1984, over 10,000 caribou of the George River hera in eastern Canada died 
of drowning and injuries resulting from being swept over a falls on the 
Caniapiscau River located downstream from a hydroelectric facility 
(Gouldreault pers. comm.). Caribou have been observed drowning after 
falling through thin ice on lakes and rivers (Skoog 1968). Others die from 
falL~~ from cliffs (Skoog 1968). A relatively low incidence of drowning was 
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exhibit seasonal growth cycles in which there is rapid body growth of the 
calves and body fat accumulation in adults during the summer, followed by a 
period of little or no growth during winter (Wood et al. 1962, Dauphine 
1:!76, White et al. 1981). Summer nutrition, body growth, and fat 
accumulation are important in several aspects. Poor range conditions or 
djst:.Jrbed foraging activity can reduce milk production in lactating female 
caribou (White and Luick 1984). Adequate forage resources and access to 
those resources during the period after calving and before insect harassment 
begins are important for growth of calves and nutritional maintenance of 
adults ( Zigunov 1961, Reimers et al. 1983). Summer weight gain has been 
shown to be an important factor in survival of reindeer calves (Haukioja and 
Salovaara 1978), and the breeding and pregnancy success of adults. Body 
weight and nutritional status apparently determine the age of sexual 
maturity cf the female calf (Reimers et al. 1983). The level of insect 
harassment can affect summer weight gain and calf survival (Helle and 
Tarvainen 1984). Therefore, access to insect relief habitat is important to 
h"Td recruitment and productivity. The health and nutritional status of 
pregnant females influences fetal growth (Skoglund 1984), calving time 
(rteimers et al. 1983), calf birth weight, and calf survival (Rognmo et al. 
1_0,33, Skoglund 1984). Quality of winter range can also influence herd 
prcductivity and growth (Skoglund 1985). Most studies of range ecology, 
'L1~.ci-cion, and herd productivity have been conducted on domestic and wild 
rein~eer herds in Scandinavia where predator populations are low or 
~ar--existent. Although some studies have been done in northern Canada 
~::auphir.e 1976) and Alaska (White et al. 1975), more information is needed 

ab:)ut rar:ge ecology of the large migratory caribou herds of North America 
~here predation may modify the relationship between range condition and 

c~~ihou populations. 

L~lsesses 

Gr·ucelloc:is is considered by Skoog (1968) to be the most important of the 
numerous diseases which have been found in caribou. This bacterial disease, 
en~emic to caribou and reindeer throughout the world, can cause abortions, 
·eta inecl placentas, infection of male organs, weakened health of females, 

't: ,, :smer:ess in both sexes (Dieterich 1980). A relatively high incidence of 
br~cellosis has been detected in the western arctic herd (Skoog 1968) and is 
i:1cysasing in reindeer herds in western Alaska (Dieterich 1980). The status 
)T brucellosis in the PH and CAH is not known. Relatively few cases of 
~ r:e,::·,cnia and inherited defects have been found which caused mortality among 

JC.Jtof'; calves of the PH (Whitten et al. 1984, l985a, and l986a). 

-~<; c j_ dents 

aribou are victims of a number of accidents during their long migrations. 
r-t:mv or,c:erved accidents occur in association with water crossings. In the 
h:<r'r

0

Pr, lanes of northern Canada, drowning losses have been reported where 
:~er~is c:rcss river:o:. in the vicinity of rapids (Clarke 1940, Kelsall 1968). 

_ -, :5'1, C'.'er 10,000 caribou of the George River herd in eastern Canada died 
cro• .. mj_ng and injuries resulting from being swept over a falls on the 

· ::c ~ c:;·i _;ca\~ I-Ii ver located downstream from a hydroelectric facility 
(Gcul~~e3ult pers. comm.). Caribou have been observed drowning after 

. ~~<c. -'"c thin ice on lakes and rivers (Skoog 1968). Others die from 
- ': ,- L rei' :; ~ j ffs (Skoog 1968). A relatively low incidence of drowning was 
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documented among calf mortalities of the PH (Mauer et al. 1983, Whit ten et 
al. l985a). The incidence of crippled animals in large post-calving 
aggregations of the PH varies from year to year ( Roseneau and Curatolo 
1976). The cause of such crippling is not known, however, trampling may be 
responsible (Calef and Lortie 1973, Roseneau and Curatolo 1976). 

Fire 

Wildfire is common throughout the forested portions of winter range used by 
the PH (Calef 1974). Distribution of the CAH is north of the Brooks Range 
where fire is quite rare. Fires are known to destroy lichens which are 
often important winter forage for caribou. The importance of forest fires 
in nutrient recycling, habitat diversity, and long term cycles of lichen 
abundance was reported by Skuncke 0969) and Viereck 0973). Forest fires 
on winter range may have resulted in population declines in caribou herds 
(Palmer and Rouse 1945; Leopold and Darling l953b; Scotter 1967, as cited by 
Klein l980b). However, Bergerud (l974a) disagrees and concluded the 
destruction of lichens by fire was probably not responsible for caribou 
population declines in North America because: l) lichens are not 
necessarily essential for winter survival of caribou, 2) food supply has not 
been found to be a limiting factor in herd productivity in North America. 
Miller (1980) demonstrated that caribou showed greater preference for medium 
aged lichen stands over older stands and reported caribou uses of recent 
burn areas. Klein ( l980b) concluded that fires on a short term basis may 
destroy portions of available winter range for caribou, but that over the 
long term, fire may be essential for assuring continued lichen growth and 
diversity of ecological systems. 

Data Gaps 
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Muskoxen (Ovibos moschatus) 

Muskoxen were formerly found throughout arctic Alaska (Hone 1934), but were 
Probably extirpated on the arctic coast between 1858 and 1865 (Allen 1912, 
Reed 1946). Wilkenson (1972) speculated that muskoxen were exterminated 
rapidly after early whalers introduced firearms to the Eskimo population. 
But Cambell 0978) stated that few if any firearms were present on the 
arctic coast before 1850 and suggests that muskoxen were progressively 
exterminated as Nunamuit Eskimos colonized the coastal plain beginning about 
200 years ago. He pres en ted archaeological evidence which indicates that 
hunters could kill groups of muskoxen using the most primitive of weapons. 
Will (1984) reported that muskoxen were relatively easy for 19th century 
~nuit Eskimos to procure in large numbers and that hunting strategies 
100 luded killing single animals or entire herds. 

Muskoxen were reestablished on the ANWR coastal plain study area when 
animals brought from Nunivak Island were released at Barter Island in 1969 
~nd at Kavik in 1970. In 1972 and 1973, muskox surveys were conducted in 

he summer on the arctic coastal plain (Roseneau and Warbelow 1974) and 
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0etween 197! and 1981, pre-calving population censuses of muskoxen were made 
annually (U.S. Fish & Wildlife Service 1982). Studies of habitat use and 
actlvity patterns of a muskox herd along the Sadlerochit River were 
conducted i.r: 1978 and 1979 (Jingfors 1980, Robus 1981). A study to compare 
muskox habi~at use in different drainages was begun in 1983 (C. O'Brian, 
pers. cornm.). From 1982 to 1985, population and herd dynamics, seasonal 
dj_stributior., movements, and habitat use of muskoxen on the ANWR coastal 
plain were documented as part of the ANWR baseline study. During this study 
a total of 45 individuals were captured and 43 animals were radio-collared. 
Population i_nforrna tion was collected during spring and fall surveys, and 
dur·ing post-calving composition counts. Radio-collared individuals were 
relocated weekly during summer and monthly during winter to document 
<Jistri')ution, movements and habitat use (Reynolds et al. 1983, 1984, 1985 
an:j 1986). 

During the ANWR baseline study, the study area was divided into 3 sub-areas 
on the basis of historical and current use by subpopulations of muskoxen: 
l) the Tamayar iak area between the Canning River and the Ka takturuk River; 
2) the Sadlerochit area between the Katakturuk River and the Jago River; and 
3) the Okerokovik area between the Jago River and the Canadian border 
(Reynolds et al. 1986). For purposes of analysis, the year was divided into 
6 seasons, relative to life cycle activities of the muskoxen (Table 4). 

Table 4. Seasons of the year relevant to muskox life cycle activity. 

Name of season 

Winter 
Pre-calving 
Calving 
Summer' 
Rut 
Fall 

Dates of season 

mid-November to early March 
mid-March to mid-April 
late April to mid-June 
late June through July 
August to mid-September 
late September to early November 

Population Size and Productivity 

Muskoxen were reintroduced to the ANWR coastal plain in 1969 when 51 
muskoxen (27 males and 24 females) from Nunivak Island were brought to 
Barter Island (Griffin 1969, Hout 1969, Jennings l970a). The animals were 
released in 4 small groups in late March and early April. Over half the 
animals were less than 2 years old (Jennings l970a). A total of 38 muskoxen 
were seen in small groups south of Barter Island 2 days after the last group 
was released (Griffin 1969), but initial mortality was high. At least 9 
animals died by mid-April and 6 apparently moved east into Canada, where 3 
to 5 were reportedly shot (Neiland 1969, Thayer l969a and l969b, Lent 1971, 
Jennings and Burris 1971). Another bull was shot south of the Brooks Range 
in uctober 1969 (Hinman 1969, Thayer l969a). Therefore the initial 
transplant on the ANWR coastal plain probably did not exceed 35 muskoxen. 

Sightings of muskoxen in the first few months following the initial 
transplant suggest that dispersal and mortality may have further decimated 
numbers of animals on the ANWR coastal plain. Only 10 different individuals 
were seen between June and August 1969 (Thayer l969c). Knutson (1969), in 
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Table 5. Numbers of muskoxe 
during spring, sum 

Year 

1972 

Spring pre-calving 
census 

Total Annual rate 
number of increase 

1973 
1974 
1976 
1977 
1978 86 
1979 112 0.30 
1980 148 0.32 
1981 186 0.26 
1982 219 0.18 
1983 257 o .n 
1984 301 0.17 
1985 352 0.17 
1986 408 0.16 

a Roseneau and Warbelow 1974 b u.s. Fish and Wildlife Sen 
c Ross (1978) 
d Ross (1979) 
e Ross 0980) 
f Ross (1981) 
g current study 



Letwe~n 1978 and 1981, pre-calving population censuses of muskoxen were made 
c.nnu"l (U.S. Fish & Wildlife Service 1982). Studies of habitat use and 
~:tiqity patterns of a muskox herd along the Sadlerochit River were 
cond~ctec i~ 1978 and 1979 (Jingfors 1980, Robus 1981). A study to compare 
rr.,,skcx haoitat use in different drainages was begun in 1983 (C. O'Brian, 
;:er'S. comm.). From 1982 to 1985, population and herd dynamics, seasonal 
distrioution, movements, and habitat use of muskoxen on the ANWR coastal 
p1ain were documented as part of the ANWR baseline study. During this study 
a total of 45 individuals were captured and 43 animals were radio-collared. 
Population information was collected during spring and fall surveys, and 
durjng post-calving composition counts. Radio-collared individuals were 
relocated weekly during summer and monthly during winter to document 
(: 'Jtion, movements and habitat use (Reynolds et al. 1983, 1984, 1985 

: ;_986). 

During the ANWR baseline study, the study area was divided into 3 sub-areas 
on the basis of historical and current use by subpopulations of muskoxen: 
l) the Tamayariak area between the Canning River and the Katakturuk River; 
2) the Sadlerochit area between the Katakturuk River and the Jago River; and 
3) the Okerokovik area between the Jago River and the Canadian border 
(Reynolds et al. 1986). For purposes of analysis, the year was divided into 
6 seasons, relative to life cycle activities of the muskoxen (Table 4). 

Table 4. Seasons of the year relevant to muskox life cycle activity. 

Name of season 

Winter 
Pre-calving 
(;alv 
:~~urr:mt_~r' 

Rut 
Fall 

Dates of season 

mid-November to early March 
mid-March to mid-April 
late April to mid-June 
late June through July 
August to mid-September 
late September to early November 

--------------- ----------· 

Population Size and Productivity 

tvluskoxen wer'e reintroduced to the ANWR coastal plain in 1969 when 51 
muskoxen (27 males and 24 females) from Nunivak Island were brought to 
Barter Island (Griffin 1969, Hout 1969, Jennings l970a). The animals were 
released in 4 small groups in late March and early April. Over half the 
animals were less than 2 years old (Jennings l970a). A total of 38 muskoxen 
were seen in small groups south of Barter Island 2 days after the last group 
>ns released (Griffin 1969), but initial mortality was high. At least 9 
an:~mals died by mid-April and 6 apparently moved east into Canada, where 3 
to 5 were reportedly shot (Neiland 1969, Thayer l969a and l969b, Lent 1971, 
Jennings and Burris 1971). Another bull was shot south of the Brooks Range 
in CJctober 1969 (Hinman 1969, Thayer l969a). Therefore the initial 
transplant on the ANWR coastal plain probably did not exceed 35 muskoxen. 

Si tings of muskoxen in the first few months following the initial 
trans;:: ~&nt suggest that dispersal and mortality may have further decimated 
numbers of animals on the ANWR coastal plain. Only 10 different individuals 
v:ere seen between June and August 1969 (Thayer l969c). Knutson (1969), in 
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an extensive survey to locate muskoxen, observed only 17 muskoxen in early 
September 1969. Thayer ( 1970) reported seeing 18 individuals in February 
1970. Mortality of another bull was documented in August 1970 (Jennings 
l970b). In June 1970, 13 more muskoxen ( 3 males and 10 females, 2-3 years 
old) were released at the Kavik River airstrip, about 145 km southwest of 
Barter Island and 26 km west of ANWR's western boundary (Jennings and Burris 
1971). Nothing is known about initial mortality of the Kavik transplant. 

In spite of initial mortality and long range dispersal of some animals after 
the Barter Island transplant, enough muskoxen survived to form the nucleus 
of breeding populations on the ANWR coastal plain. A maximum of 48 muskoxen 
may have been present on or near the refuge after the 1970 Kavik transplant. 
assuming that all 13 of these animals survived and moved west to the ANWP 
coastal plain. A maximum of 27 individuals was counted in 1971 (Gr·iffir: 
1971), and population estimates were 29 and 33 animals older than calves ' 
1972 and 1973, respectively (Roseneau and Warbelow 1974). These d2ta 
suggest that initial mortality and/or dispersal exceeded documented levels. 

The ANWR muskox population is growing rapidly (Fig. 21). From an estimated 
population of 36 animals in summer 1972, the post-calving population 
increased to an estimated 476 animals in November 1985 (Reynolds et al. 
1986). The population has doubled every 3 tp 4 years since 1976, and annual 
rates of increase have ranged from 0.16 to 0.32 (X=0.22+.07 SD) for 
pre-calving population estimates since 1978 (Table 5). 

Table 5. Numbers of muskoxen observed in the Arctic National Wildlife Refuge 
during spring, summer and/or :all, 1972-1986. 

Spring pre-calving Summer population FalL 
census or com2osition counts total QOf2Ulation 

Total Annual rate Total Number of 
Year number of increase number calves number Source 

1972 -- -- 36 7 -- a 
1973 -- -- 36 8 -- a 
1974 -- -- 38 -- -- b 
1976 -- -- 67 15 -- b 
1977 -- -- 90 18 -- b 
1978 86 -- 108 28 -- c 
1979 112 0.30 -- -- -- d 
1980 148 0.32 -- -- -- e 
1981 186 0.26 -- -- -- f 
1982 219 0.18 -- -- 240 g 
1983 257 0.17 211 46 311 a 

0 

1984 301 0.17 341 72 384 g 
1985 352 0.17 419 98 476 g 
1986 408 0.16 -- -- -- g 

~ Roseneau and Warbelow 1974 
U.S. Fish and Wildlife Service 1972 

c Ross (1978) 
d Ross (1979) 
~ Ross (1980) 

Ross (1981) 
g current study 
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Fig. 21. Es t imat ed numbe r of muskoxen i n post- cal ving popul a t ions in the Arc tic 
National Wildl i fe Refuge , 1972-1 985 . 
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This rapid increase in population size, typical of populations exploiting a 
new environment, is the result of high productivity, high survival of 
young-aged animals, and low mortality rates for all animals. Similar 
population increases were documented in a transplanted muskox population in 
West Greenland (Thing et al. 1984) .and in muskox populations in the 
Northwest Territories, Canada (Gunn 1984). Estimated numbers of calves, 
observed in the ANWR muskox population from 1972-1985, suggest that 
productivity has been relatively high during most of the past 13 years 
(Reynolds et al. 1986). From 21-23% of all animals seen in post-calving 
surveys in 1983-1985 were calves, and ratios of calves/animals older than 
calf ranged from 0.27 to 0.30 (X=0.2S~0.02 QD) (Table 6). Productivity for 
the entire study area ranged from 0.66 calf/cow in 1983 to 0.75 calf/cow in 
1984 and 1985, for cows 3 years and older (3+) (Table 6). Calf production 
by 2-year old cows along the Sadlerochit River was documented by Jingfors 
and Klein (1982) in 1979. Population growth closely approximates (R2=.98) 
an exponential curve. Assuming population growth continues at the same 
ra te, the muskox population may exceed 1000 animals by 1990. 

Table 6. Parameters of muskoxen productivity, in early to mid summer in the 
Arctic National Wildlife Refuge, 1972-1985. 

Year 
Parameter 1972 1973 1976 1977 1978 1983 1984 1985 

Number calves classified 7 8 15 18 28 46 72 98 
Calves/total classified 0.19 0.22 0.22 0.20 0.25 0.22 0.21 0.23 
Calves/ older animal 0.24 0.27 0.29 0.25 0.33 0.28 0.27 0.30 
Calves/adult cow (3+) o. 79 0.66 0.75 0.75 
To tal number calvesa 68 81 lll 

a Calculated by: calves/total x total population (fall census) 

In 1984 and 1985, total population counts in fall were higher than those 
observed during spring pre-calving counts combined with total number of calves 
estimated for the population. This increase in numbers of animals older than 
calves observed between spring and fall may be due to immigration, an 
underestimation in the numbers of calves, and/or animals missed during the 
spring census. The latter possibility appears to be the most likely: in 
spring, small groups of animals on windblown ridges can be difficult to see 
and could have been missed. As total counts in spring may underestimate the 
Population, fall counts were used as an estimate of total population when 
Calculating total numbers of calves (Table 6). 

Productivity of 15 radio-collared cows was observed for 2 to 4 consecutive 
Years (Reynolds et al. 1986). Nine (60%) of these cows produced calves yearly 
for 2 or more years and 4 (27%) had calves every other year (Table 7). Of the 
2 cows which produced calves only once in 3 years, 1 was a barren 16 year old 
cow. The other cow produced a calf at age 6, but did not calve at age 4 or 
5· Calf/cow ratios for radio-collared cows were similar to those observed for 
the entire population during 1982-1985 (Reynolds et al. 1986). The high 
~roduc tivity observed in ANWR is similar to muskox productivity recorded for 
rans plan ted populations and populations exploiting new habitat in Greenland 
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This rapid increase in population size, typical of populations exploiting a 
new environment, is the result of high productivity, high survival of 
young-aged animals, and low mortality rates for all animals. Similar 
population increases were documented in a transplanted muskox population in 
West Greenland (Thing et al. 1984) and in muskox populations in the 
Northwest Territories, Canada (Gunn 1984). Estimated numbers of calves, 
observed in the ANWR muskox population from 1972-1985, suggest that 
productivity has been relatively high during most of the past 13 years 
(Reynolds et al. 1986). From 21-23% of all animals seen in post-calving 
surveys in 1983-1985 were calves, and ratios of calves/animals older than 
calf ranged from 0.27 to 0.30 (X=O.i8~0.02 $D) (Table 6). Productivity for 
the entire study area ranged from 0.66 calf/cow in 1983 to 0.75 calf/cow in 
1984 and 1985, for cows 3 years and older ( 3+) (Table 6). Calf production 
by 2-year old cows along the Sadlerochit River was documented by Jingfors 
and Klein (1982) in 1979. Population growth closely approximates ( R2 =. 98) 
an exponential curve. Assuming population growth continues at the same 
rate, the muskox population may exceed 1000 animals by 1990. 

Table 6. Parameters of muskoxen productivity, in early to mid summer in the 
Arctic National Wildlife Refuge, 1972-1985. 

Year 

Parameter 1972 1973 1976 1977 1978 1983 1984 1985 

Number calves classified 7 8 15 18 28 46 72 98 

Calves/total classified 0.19 0.22 0.22 0.20 0.25 0.22 0.21 0.23 

Calves/ older animal 0.24 0.27 0.29 0.25 0.33 0.28 0.27 0.30 

Calves/adult cow (3+) 0.79 0.66 0.75 0.75 

Total number calvesa 68 81 111 

a Calculated by: calves/total x total population (fall census) 

In 1984 and 1985, total population counts in fall were higher than those 
observed during spring pre-calving counts combined with total number of calves 
estimated for the population. This increase in numbers of animals older than 
calves observed between spring and fall may be due to immigration, an 
underestimation in the numbers of calves, and/or animals missed during the 
spring census. The latter possibility appears to be the most likely: in 
spring, small groups of animals on windblown ridges can be difficult to see 
and could have been missed. As total counts in spring may underestimate the 
Population, fall counts were used as an estimate of total population when 
Calculating total numbers of calves (Table 6). 

Productivity of 15 radio-collared cows was observed for 2 to 4 consecutive 
Years (Reynolds et al. 1986). Nine (60%) of these cows produced calves yearly 
for 2 or more years and 4 (27%) had calves every other year (Table 7). Of the 
2 cows which produced calves only once in 3 years, l was a barren 16 year old 
cow· The other cow produced a calf at age 6, but did not calve at age 4 or 
5. Calf/cow ratios for radio-collared cows were similar to those observed for 
the entire population during 1982-1985 (Reynolds et al. 1986). The high 
Productivity observed in ANWR is similar to muskox productivity recorded for 
transplanted populations and populations exploiting new habitat in Greenland 
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(Lassen 1984, Thing et al. 1984), Canada (Gunn et al. 1984) and Nunivak Island 
(Smith 1984), but contrasts with low productivity and reproductive failures of 
muskoxen documented in the Canadian high arctic (Tener 1965, Gray 1973, Gunn 
1984). 

Table 7. Productivity of radio-collared cow muskoxen in the Arctic National 
Wildlife Refuge, 1982-1985. 

No. 
consecutive 
years 
observed 

2 

3 
4 

Totals 

Number of cows producing calves 

Yearly Alternate years 2 + years 

3 
5 
la 
9 

3 
l 

4 

l 
l 
2 

a Calf stillborn the first year. 

Totals 

6 
7 
2 

15 

Low mortality has also allowed the rapid expansion of the ANWR muskox 
population. In the past 4 years, the death of 29 individuals has been 
documented and accounted for 2.3-2.7% of the population per year (Table 8). 
Nineteen ( 66%) of these animals were adult bulls. A limited hunting season 
established by the State of Alaska in 1983 has resulted in a total harvest of 
13 bull muskoxen. Two bulls were killed or scavenged by a radio-collared 
brown bear in late summer 1983 and 2 young aged cows were also killed or 
scavenged by brown bears during the late winter of 1984-1985. Three 
radio-collared cows which died in 1984 and 1985 were old-aged animals, 
originally brought to the refuge from Nunivak Island. When released at Barter 
Island in March 19~9, they were ll or 36 months old and therefore died at ages 
16 to 19 years (X=l7 .3+1.5 SD). Assuming no animals immigrated into this 
transplanted population between November 1983 and April 1985, and calves were 
the only source of recruitment, estimates of 7-12% annual loss (mortality and 
dispersal) to the population were calculated for 1983-1986 (Table 9). 

Mortality during the first years of life is often high· in ungulate populations 
(McCullough 1984). High survival of muskox calves and yearlings was 
documented in the ANWR population between 1983 and 1985 (Fig. 22). Numbers of 
individuals were extrapolated from summer composition counts, and fall 
population counts except in 1982. The ratio of calves/total animals 
(38/240=0.150) observed from the air during the 1982 fall census was 
multiplied by the number of animals in the 1983 spring census (257), resulting 
in a minimum estimate of 41 calves in 1982. Average survival rates (Downing 
1980) were 85% for calves and 92% for yearlings between 1983 and 1985. 
Jingfors and Klein (1982) documented 100% survival of calves and yearlings in 
a muskox herd on the Sadlerochit River during 1979-1980. 

Herd Dynamics 

Prior to 1982, most muskoxen were thought to be associated with l of 3 large 
"herds", each of which showed an affinity for a specific geographic area (U.S· 
Fish and Wildlife Service 1982). In 1979, muskoxen observed by Jingfors 
( 1980) along the Sadlerochit River remained in l large herd from March to 
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Table 8. Muskox mortalities observed in the Arctic 
1982-1985. 

Year 
Cause of Mortality 1982 1983 1984 

Hunting: 
M - 4 5 
F 
calf 

Fighting: 
M l - -
F 
calf 

Predation/scavenging: 
M - 2 -

F - - -
calf - - l 

Old-age/malnutrition: 
M 
F l - l 

calf 
Unknown: 

M 2 l l 

F l - -
calf l - --- --

Totals 6 7 8 

% Pop. 2.7 2.7 2.7 

Table g. Estimates of annual loss 
pre-calving muskox population 
Refuge, 1983-1984. 

(mortality 
in the 

Total 
Time Pre-calving number Population 

calves 

National Wildlife Refuge, 

-
1985 

4 

-

-
2 
-

2 

-
-
---

and 
Arctic 

8 
2.3 

dispersal) 
National 

Annual 
loss 

Totals 

13 

l 

2 
2 
l 

4 

4 
l 
l -

29 

to the 
Wildlife 

Percent 
loss Frame 1:202ulation l x:ear later 

t and t=l (Pt) (Ct) (Pt=l) (Lt=CPt+Ct)-Pt+lLt/Pt+Ct) 

1983-1984 257 68 301 24 7.4 

1984-1985 301 81 352 30 7.9 

1985-1986 352 111 408 55 11.9 
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(Lassen 1984, Thing et al. 1984), Canada (Gunn et al. 1984) and Nunivak Island 
(Smith 1984), but contrasts with low productivity and reproductive failures of 
muskoxen documented in the Canadian high arctic (Tener 1965, Gray 1973, Gunn 
1984). 

Table 7. Productivity of radio-collared cow muskoxen in the Arctic National 
Wildlife Refuge, 1982-1985. 

No. 
consecutive 
years 
observed 

2 

3 
4 

Totals 

Number of cows producing calves 

Yearly Alternate years 2 __:+:__years 

3 
5 
la 
9 

3 
l 

4 

l 
l 
2 

a Calf stillborn the first year. 

Totals 

6 
7 
2 

15 

Low mortality has also allowed the rapid expansion of the ANWR muskox 
population. In the past 4 years, the death of 29 individuals has been 
documented and accounted for 2. 3-2.7% of the population per year (Table 8). 
Nineteen ( 66%) of these animals were adult bulls. A limited hunting season 
established by the State of Alaska in 1983 has resulted in a total harvest of 
13 bull muskoxen. Two bulls were killed or scavenged by a radio-collared 
brown bear in late summer 1983 and 2 young aged cows were also killed or 
scavenged by brown bears during the late winter of 1984-1985. Three 
radio-collared cows which died in 1984 and 1985 were old-aged animals, 
originally brought to the refuge from Nunivak Island. When released at Barter 
Island in March l9Q9, they were ll or 36 months old and therefore died at ages 
16 to 19 years (X=l7. 3+1.5 SD). Assuming no animals immigrated into this 
transplanted population between November 1983 and April 1985, and calves were 
the only source of recruitment, estimates of 7-12% annual loss (mortality and 
dispersal) to the population were calculated for 1983-1986 (Table 9). 

Mortality during the first years of life is often high- in ungulate populations 
(McCullough 1984). High survival of muskox calves and yearlings was 
documented in the ANWR population between 1983 and 1985 (Fig. 22). Numbers of 
individuals were extrapolated from summer composition counts, and fall 
population counts except in 1982. The ratio of calves/total animals 
(38/240=0.150) observed from the air during the 1982 fall census was 
multiplied by the number of animals in the 1983 spring census (257), resulting 
in a minimum estimate of 41 calves in 1982. Average survival rates (Downing 
1980) were 85% for calves and 92% for yearlings between 1983 and 1985. 
Jingfors and Klein (1982) documented 100% survival of calves and yearlings in 
a muskox herd on the Sadlerochit River during 1979-1980. 

Herd Dynamics 

Prior to 1982, most muskoxen were thought to be associated with l of 3 large 
"herds", each of which showed an affinity for a specific geographic area (U.S· 
Fish and Wildlife Service 1982). In 1979, muskoxen observed by Jingfors 
( 1980) along the Sadlerochit River remained in l large herd from March to 
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Table 8. Muskox mortalities observed in the Arctic 

1982-1985. 

Year 

Cause of Mortality 1982 1983 1984 

Hunting: 
M - 4 5 

F 
calf 

Fighting: 
M l -

F 
calf 

Predation/scavenging: 
M - 2 -
F - - -
calf - - l 

Old-age/malnutrition: 
-M - -

F l - l 

calf 
Unknown: 

M 2 l l 

F l - -
calf l -

Totals 6 7 8 

% Pop. 2.7 2.7 2.7 

Table 9 · 

Time 

Estimates of annual loss 
pre-calving muskox population 
Refuge, 1983-1984. 

Total 

(mortality 
in the 

Pre-calving number Population 

National Wildlife 

1985 

4 

-

-
2 
-

-
2 

-
-
-

8 
2.3 

and 
Arctic 

dispersal) 
National 

Annual 
loss Frame f20f2Ulation calves l lear later 

t and t=l (Pt) (Ct) (Pt=l) CLt=CPt+Ct)-Pt+lLt/Pt+Ct) 

1983-1984 257 68 301 24 

1984-1985 301 81 352 30 

1985-1986 352 lll 408 55 
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Refuge, 

Totals 

13 

l 

2 
2 
l 

-
4 

4 
l 
l 

29 

to the 
Wildlife 

Percent 
loss 

7.4 
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November with only infrequent temporary fracturing into smaller groups, 
primarily during the rut. However, Jingfors and Klein (1982) predicted that 
the large herd observed in 1979 would eventually fracture into smaller 
units. The. existence of numerous muskox herds on the ANWR coastal plain 
during 1982-1985 was documented with the use of radio-collared muskoxen 
(Reynolds et al. 1983, 1984, 1985, and 1986). These herds apparently belong 
to l of 2 subpopulations. The Okerokovik subpopulation utilizes the area 
between the Jago River and Kongakut River. Bulls in this subpopulation also 
range into Canada as far east as the Firth River. The 
Sadlerochit/Tamayariak subpopulation utilizes the area from the Hulahula 
River to the Canning River. Bulls in this subpopulation also range westward 
as far as the Sagavanirktok River (Reynolds et al. 1985, 1986). 

Different types of muskox groups were observed in these 2 subpopulations 
during 1982-1985 (Reynolds et al. 1986). Most commonly seen were mixed-sex 
herds, comprised primarily of cows, sub-adults, and calves with possibly l 
or more adult bulls. Small groups of cows and cows with calves, as well as 
single cows were seen less frequently. Bull groups were made up of bulls 
older than 3 years of age. Bulls were also observed alone. Gunn ( 1982) 
stated that muskoxen spend most of their life in mixed-sex herds, but bulls 
also occur in single-sex groups of 2-5 and as solitary animals. 

Mixed-Sex Herds and Cow Groups. Herd size calculations were based on 
observations made during radio-relocation flights and spring and fall 
surveys. Mixed-sex herds ranged in size from 2 animals (a bull and a cow) 
to 118 animals. More than 80% of all mixed-sex herds contained between 5 and 
30 individuals (Reynolds et al. 1986). Smith (1976) seldom saw mixed-sex 
herds smaller than 5 animals on Nunivak Island. 

Mean herd size of mixed-sex herds ranged from 13. 6+11. 2 SD in 1982 to 
21.5~17.5 SD in 1984 (Fig. 23) but were not statistically different between 
years. Seasonal differences in herd size, related to social behavior were 
also observed. The largest mixed-sex herds were seen in pre-calving, winter 
and fall seasons, when mean herd size for all years ranged from 21.7+15.9 SD 
to 27. 2+22 SD muskoxen per mixed-sex herd. The smallest herds were seen 
during the rut (X=l2.2+8.5 SD). This trend was observed all 4 years of the 
study (Fig 24). On Bathurst Island, Gray (1973) found monthly mean herd 
size changed from highs in February, April and October to lows in July and 
August. On Melville Island (Miller et al. 1977, as cited in Gunn 1982) also 
observed a decrease in average herd size from 17.2 in March-April to 10.0 in 
July-August. 

Most mixed-sex herds observed during radio-relocation flights on ANWR were 
small to moderately sized throughout the year. But the number of herds 
containing fewer than 10 animals reached maximum in August as herds 
fragmented into harems during the rut (Reynolds et al. 1985). Smith (1976) 
describes a harem as a temporary social unit which existed only during the 
rut between a single bull and a group of cows. However, Smith (1976) 
suggests that a basic social structure independent of bulls may exist. 
~fter the rut, muskoxen in the ANWR study area congregated along rivers in 
arge herds, and the proportion of herds with more than 30 muskoxen reached 

a Yearly maximum (Reynolds et al. 1985). 

Maximum herd size observed was larger each year as the population increased, 
suggesting that the upper limit to herd size has not yet been reached. Mean 
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November with only infrequent temporary fracturing into smaller groups, 
primarily during the rut. However, Jingfors and Klein (1982) predicted that 
the large herd observed in 1979 would eventually fracture into smaller 
units. The existence of numerous muskox herds on the ANWR coastal plain 
during 1982-1985 was documented with the use of radio-collared muskoxen 
(Reynolds et al. 1983, 1984, 1985, and 1986). These herds apparently belong 
to 1 of 2 subpopulations. The Okerokovik subpopulation utilizes the area 
between the Jago River and Kongakut River. Bulls in this subpopulation also 
range into Canada as far east as the Firth River. The 
Sadlerochit/Tamayariak subpopulation utilizes the area from the Hulahula 
River to the Canning River. Bulls in this subpopulation also range westward 
as far as the Sagavanirktok River (Reynolds et al. 1985, 1986). 

Different types of muskox groups were observed in these 2 subpopulations 
during 1982-1985 (Reynolds et al. 1986). Most commonly seen were mixed-sex 
herds, comprised primarily of cows, sub-adults, and calves with possibly 1 
or more adult bulls. Small groups of cows and cows with calves, as well as 
single cows were seen less frequently. Bull groups were made up of bulls 
older than 3 years of age. Bulls were also observed alone. Gunn ( 1982) 
stated that muskoxen spend most of their life in mixed-sex herds, but bulls 
also occur in single-sex groups of 2-5 and as solitary animals. 

Mixed-Sex Herds and Cow Groups. Herd size calculations were based on 
observations made during radio-relocation flights and spring and fall 
surveys. Mixed-sex herds ranged in size from 2 animals (a bull and a cow) 
to 118 animals. More than 80% of all mixed-sex herds contained between 5 and 
30 individuals (Reynolds et al. 1986). Smith 0976) seldom saw mixed-sex 
herds smaller than 5 animals on Nunivak Island. 

Mean herd size of mixed-sex herds ranged from 13. 6.2:_11. 2 SD in 1982 to 
21.5.2:_17.5 SD in 1984 (Fig. 23) but were not statistically different between 
years. Seasonal differences in herd size, related to social behavior were 
also observed. The largest mixed-sex herds were seen in pre-calving, winter 
and fall seasons, when mean herd size for all years ranged from 21.7+15.9 SD 
to 27. 2+22 SD muskoxen per mixed-sex herd. The smallest herds were seen 
during the rut (X=l2.2+8.5 SD). This trend was observed all 4 years of the 
study (Fig 24). On B~thurst Island, Gray (1973) found monthly mean herd 
size changed from highs in February, April and October to lows in July and 
August. On Melville Island (Miller et al. 1977, as cited in Gunn 1982) also 
observed a decrease in average herd size from 17.2 in March-April to 10.0 in 
July-August. 

Most mixed-sex herds observed during radio-relocation flights on ANWR were 
small to moderately sized throughout the year. But the number of herds 
containing fewer than 10 animals reached maximum in August as herds 
fragmented into harems during the rut (Reynolds et al. 1985). Smith (1976) 
describes a harem as a temporary social unit which existed only during the 
rut between a single bull and a group of cows. However, Smith ( 197 6) 
suggests that a basic social structure independent of bulls may exist. 
ffter the rut, muskoxen in the ANWR study area congregated along rivers in 
arge herds, and the proportion of herds with more than 30 muskoxen reached 

a Yearly maximum (Reynolds et al. 1985). 

Maximum herd size observed was larger each year as the population increased, 
suggesting that the upper limit to herd size has not yet been reached. Mean 
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Fig. 23. Mean size of mixed-sex muskox herds (including 
cow groups) in the Arctic National Wildlife 
Refuge, 1982-1985. 
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herd size during the rut ranged from 9.5 to 14.3 animals from 1982-1985, 
suggesting that optimum harem size may be within this range (Reynolds et al. 
1986) • 

Since 1982, mixed- sex muskox herds in ANWR have not been stable units over 
long periods of time. Total numbers and marked indi victuals within a herd 
remained the same in some instances for several weeks, then changed as herds 
encountered one another and intermixed (Reynolds et al. 1986). Some years 
intermixing occurred when herds came together during pre-calving and calving 
seasons. Intermixing of herds also frequently occurred when animals 
congregated on major rivers after leaf emergence of willows in late June and 
after the rut in late September. Mixed-sex herds appeared to be more stable 
in winter (Reynolds et al. 1986). 

Single cows and small groups of cows (ranging in size from 2 to 10 
individuals) were seen infrequently. Only 4% of over 1300 observations of 
muskox groups containing cows were single cows or cow groups. Mean size of 
known cow groups was 4.4~2.2 SD during 1982-1985. Old aged cows were seen 
alone or with a calf or young cow on several occasions (Reynolds et al. 
1986). Smith (1976) seldom saw cows alone and suggested that animals which 
become separated quickly tried to rejoin the herd. Gunn (1982) speculated 
that parturient cows would be unlikely to leave the protection of the herd 
to give birth. Observations of ANWR muskoxen during 1982-1985 indicate that 
at least some cows are alone during birth, possibly because they or the 
newborn calf are unable to keep up with a moving herd (Reynolds et al. 1985). 

Bull Groups and Single Bulls. Bull groups in the ANWR study area ranged in 
size from 2 to 10 animals. Mean bull group size (excluding single bulls) 
calculated from observations made during radio-relocation flights and 
seasonal surveys, ranged from 4.6+2.0 SD bulls per group during the 
pre-calving season to 2.6+0.6 SD- bulls per group during the rut . 
Observations of single bulls-comprised 15% of all bull observations during 
the pre-calving period, but increased to 78% during the rut. Bull groups 
were spatially segregated from mixed-sex herds, particularly in winter, 
pre-calving and calving seasons. Many marked bulls did not remain with 
mixed-sex herds for long periods of time, but moved from herd to herd 
(Reynolds et al. 1986). All marked males were associated with bull groups 
or were observed alone during at least part of the year during 1982-1985 
(Reynolds et al. 1985). 

Distribution, Movements, and Range 

Muskoxen observed in the ANWR study area from 1982 to 1985 were concentrated 
i n distinct geographic locations between the Canning River and the 
Ka takturuk River, along the Sadlerochit River and between the Jago River 
and the Aichilik River (Fig. 25). Historical data indicates that these 
areas have been used by muskoxen since shortly after the animals were 
r eleased at Barter Island in 1969 and at Kavik River in 1970 (Fig. 26). In 
the Okerokovik area, 11-13 muskoxen, including 9 adults, were observed in 
1972 and 1973 ( Roseneau and War below 1974) and from 1978 to 1981, 14-23 
muskoxen were seen along the Okerokovik, Niguanak, and Angun Rivers 
(U. S.Fish and Wildlife Service 1982). Along the Sadlerochit River, 5-9 
muskoxen were seen between April 1969 and March 1970 (Lent 1971), ll-14 
animals including at least 8 adults were seen in 1972 and 1973 (Roseneau and 
Warbelow 1974), and 36-74 muskoxen were observed between 1978 and 1981 
(U. S.Fish and Wildlife Service 1982). Jingfors (1984) described the home 
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herd size during the rut ranged from 9.5 to 14.3 animals from 1982-1985, 
suggesting that optimum harem size may be within this range (Reynolds et al. 
1986). 

Since 1982, mixed-sex muskox herds in ANWR have not been stable units over 
long periods of time. Total numbers and marked individuals within a herd 
remained the same in some instances for several weeks, then changed as herds 
encountered one another and intermixed (Reynolds et al. 1986). Some years 
intermixing occurred when herds came together during pre-calving and calving 
seasons. Intermixing of herds also frequently occurred when animals 
congregated on major rivers after leaf emergence of willows in late June and 
after the rut in late September. Mixed-sex herds appeared to be more stable 
in winter (Reynolds et al. 1986). 

Single cows and small groups of cows (ranging in size from 2 to 10 
individuals) were seen infrequently. Only 4% of over 1300 observations of 
muskox groups containing cows were single cows or cow groups. Mean size of 
known cow groups was 4. 4.:!:_2. 2 SD during 1982-1985. Old aged cows were seen 
alone or with a calf or young cow on several occasions (Reynolds et al. 
1986). Smith (1976) seldom saw cows alone and suggested that animals which 
become separated quickly tried to rejoin the herd. Gunn (1982) speculated 
that parturient cows would be unlikely to leave the protection of the herd 
to give birth. Observations of ANWR muskoxen during 1982-1985 indicate that 
at least some cows are alone during birth, possibly because they or the 
newborn calf are unable to keep up with a moving herd (Reynolds et al. 1985). 

Bull Groups and Single Bulls. Bull groups in the ANWR study area ranged in 
size from 2 to 10 animals. Mean bull group size (excluding single bulls) 
calculated from observations made during radio-relocation flights and 
seasonal surveys, ranged from 4.6.:!:_2.0 SD bulls per group during the 
pre-calving season to 2.6.:!:_0.6 SD bulls per group during the rut . 
Observations of single bulls comprised 15% of all bull observations during 
the pre-calving period, but increased to 78% during the rut. Bull groups 
were spatially segregated from mixed-sex herds, particularly in winter, 
pre-calving and calving seasons. Many marked bulls did not remain with 
mixed-sex herds for long periods of time, but moved from herd to herd 
(Reynolds et al. 1986). All marked males were associated with bull groups 
or were observed alone during at least part of the year during 1982-1985 
(Reynolds et al. 1985). 

Distribution, Movements, and Range 

Muskoxen observed in the ANWR study area from 1982 to 1985 were concentrated 
in distinct geographic locations between the Canning River and the 
Katakturuk River, along the Sadlerochit River and between the Jago River 
and the Aichilik River (Fig. 25). Historical data indicates that these 
areas have been used by muskoxen since shortly after the animals were 
released at Barter Island in 1969 and at Kavik River in 1970 (Fig. 26). In 
the Okerokovik area, 11-13 muskoxen, including 9 adults, were observed in 1
972 and 1973 ( Roseneau and War below 1974) and from 1978 to 1981, 14-23 

muskoxen were seen along the Okerokovik, Niguanak, and Angun Rivers 
(U.S.Fish and Wildlife Service 1982). Along the Sadlerochit River, 5-9 
muskoxen were seen between April 1969 and March 1970 (Lent 1971), 11-14 
~nirnals including at least 8 adults were seen in 1972 and 1973 (Roseneau and 
arbelow 1974), and 36-74 muskoxen were observed between 1978 and 1981 

(U.s.Fish and Wildlife Service 1982). Jingfors ( 1984) described the home 
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range affinity of muskoxen along the Sadlerochit River in 1979. Animals in 
the Gkerokovik area and Sadlerochit area were probably survivors of the 1969 
Barter Island transplant, which eventually segregated into 2 mixed-sex herds 

(Reynolds et al. 1986). 

Muskoxen have been observed in the Tamayariak area since at least 1972 (Fig. 
26). These animals were probably survivors of the 13 muskoxen released at 
Kavik in 1970 (Reynolds et al. 1986). Ten to ll animals, including 8 
adults, were seen between the Kavik River and the Katakturuk River in 1972 
and 1973 (Roseneau and Warbelow 1974), and 32 to 66 muskoxen were observed 
along the forks of the Tamayariak River from 1978 to 1981 (U.S.Fish and 
Wildlife Service 1982). Movements of marked bulls, and less frequently of 
marked cows, indicate that animals in the Tamayariak and Sadlerochit areas 
belong to the same reproductive subpopulation (Reynolds et al. 1986). 

Muskoxen utilized the same geographic areas during 1982-1985, when extensive 
data on distribution and movements of marked animals were collected (Fig. 
25). Distribution expanded beyond these core areas each year of the study, 
in part because additional marked animals were added each year. However, 
dispersal of mixed-sex herds into new areas has also occurred since 1982 

(Reynolds et al. 1986). 

Mixed-sex herds dispersed into the upper Katakturuk River in 1982 and 1983. 
Small bull groups and solitary bulls had been seen along the Katakturuk 
River since 1979 (U.S.Fish and Wildlife Service 1982). However, no long 
term use by mixed-sex herds was observed until August 1982, when a mixed-sex 
herd of 6 muskox, which had moved between the Tamayariak area to the 
Sadlerochit area in June and July, moved to the upper Ka takturuk River. 
This herd, joined by other animals and a second herd in 1983, remained 
between the upper Katakturuk River and Nularvik River during winter, 
pre-calving, and calving seasons. These animals summered on the forks of 
the Tamayariak River, the creeks south of Camden Bay, and the lower 
Katakturuk River during 1983-1985. At least some of these muskoxen moved 
back to the Tamayariak River in June 1984. In the fall of 1985, 137 
muskoxen were located along the upper Ka takturuk River. Increasing use of 
this area by animals from the Tamayariak area suggests population pressure 
in localized areas may be resulting in dispersal (Reynolds et al. 1986). 

Muskoxen may also have dispersed eastward from the Okerokovik River. A 
mixed-sex herd of 14 animals apparently moved 30 km southeast from the Angun 
River to tributaries of the Ekaluakat and Siksikpalak Rivers in early April 
1984. This herd spent the following winter along the western tributary of 
the Aichilik River and ranged between the Aichilik River and the Kongakut 
River throughout 1985 (Reynolds et al. 1986). 

In addition to dispersal within the study area, bulls have dispersed or made 
temporary movements east, west, and south of the ANWR study area (Fig. 27)· 
Some animals moved long distances soon after the Barter Island transplant· 
In August 1969, within 5 months of being released at Barter Island, 3-5 
muskoxen were shot in Canada as far east as the Mackenzie River delta (300 
km east of Barter Island) and another muskox was shot north of ArctiC 
Village, 240 km south of Barter Island (Lent 1971). Solitary bulls and 
small groups of animals have been observed in northwestern Yukon TerritorY• 
Canada, almost every year since 1972 (Roseneau and Warbelow 1974, K· 
Jingfors pers. comm., J. Russell pers. comm.). Between 1982 and 1985, as 
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range affinity of muskoxen along the Sadlerochit River in 1979. Animals in 
the Gkerokovik area and Sadlerochit area were probably survivors of the 1969 
Barter Island transplant, which eventually segregated into 2 mixed-sex herds 
(Reynolds et al. 1986). 

Muskoxen have been observed in the Tamayariak area since at least 1972 (Fig. 
26). These animals were probably survivors of the 13 muskoxen released at 
Kavik in 1970 (Reynolds et al. 1986). Ten to ll animals, including 8 
adults, were seen between the Kavik River and the Ka takturuk River in 1972 
and 1973 (Roseneau and Warbelow 1974), and 32 to 66 muskoxen were observed 
along the forks of the Tamayariak River from 1978 to 1981 (U.S.Fish and 
Wildlife Service 1982). Movements of marked bulls, and less frequently of 
marked cows, indicate that animals in the Tamayariak and Sadlerochit areas 
belong to the same reproductive subpopulation (Reynolds et al. 1986). 

Muskoxen utilized the same geographic areas during 1982-1985, when extensive 
data on distribution and movements of marked animals were collected (Fig. 
25). Distribution expanded beyond these core areas each year of the study, 
in part because additional marked animals were added each year. However, 
dispersal of mixed-sex herds into new areas has also occurred since 1982 
(Reynolds et al. 1986). 

Mixed-sex herds dispersed into the upper Katakturuk River in 1982 and 1983. 
Small bull groups and solitary bulls had been seen along the Ka takturuk 
River since 1979 (U.S.Fish and Wildlife Service 1982). However, no long 
term use by mixed-sex herds was observed until August 1982, when a mixed-sex 
herd of 6 muskox, which had moved between the Tamayariak area to the 
Sadlerochit area in June and July, moved to the upper Katakturuk River. 
This herd, joined by other animals and a second herd in 1983, remained 
between the upper Katakturuk River and Nularvik River during winter, 
pre-calving, and calving seasons. These animals summered on the forks of 
the Tamayariak River, the creeks south of Camden Bay, and the lower 
Katakturuk River during 1983-1985. At least some of these muskoxen moved 
back to the Tamayariak River in June 1984. In the fall of 1985, 137 
muskoxen were located along the upper Ka takturuk River. Increasing use of 
this area by animals from the Tamayariak area suggests population pressure 
in localized areas may be resulting in dispersal (Reynolds et al. 1986). 

Muskoxen may also have dispersed eastward from the Okerokovik River. A 
mixed-sex herd of 14 animals apparently moved 30 km southeast from the Angun 
River to tributaries of the Ekaluakat and Siksikpalak Rivers in early April 
1984. This herd spent the following winter along the western tributary of 
the Aichilik River and ranged between the Aichilik River and the Kongakut 
River throughout 1985 (Reynolds et al. 1986). 

In addition to dispersal within the study area, bulls have dispersed or made 
temporary movements east, west, and south of the ANWR study area (Fig. 27)· 
Some animals moved long distances soon after the Barter Island transplant· 
In August 1969, within 5 months of being released at Barter Island, 3-5 
muskoxen were shot in Canada as far east as the Mackenzie River delta (300 
km east of Barter Island) and another muskox was shot north of ArctiC 
Village, 240 km south of Barter Island (Lent 1971). Solitary bulls and 
small groups of animals have been observed in northwestern Yukon Territory, 
Canada, almost every year since 1972 (Roseneau and Warbelow 1974, K· 
Jingfors pers. comm., J. Russell pers. comm.). Between 1982 and 1985, as 
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many as 5 bulls were seen between the Canadian border and the Babbage 
River. These included radio-collared bulls which moved between Canada and 
the Kongakut River (Reynolds et al. 1986). 

West of the ANWR, muskoxen have also been sighted since 1970 (Fig. 27). 
Solitary bulls and at least l mixed-sex herd of 9-19 animals have been seen 
several times along the Sagavanirktok River and adjacent drainages from 
Prudhoe Bay to Toolik Lake between 1970 and 1983. Radio-collared bulls 
moved between the Tamayariak area and Prudhoe Bay in 1985 and l radio 
collared bull moved at least 100 km west to the Ivishak River in 1985 
(Reynolds et al. 1986). Muskox bulls have also been seen 190 km west of the 
study area on the Colville River near Nuiqsuit, and 300 km southwest along 
the Killik River. In 1984 and 1985, single bulls were seen 50 km south of 
the ANWR study area in the Romanzof Mountains, and 300 km southwest of the 
ANWR study area along the middle fork of the Chandalar, the upper east fork 
of the Chandalar River, and on the Sheenjek River, all of which are south of 
the Brooks Range divide (Reynolds et al. 1986). 

A mixed-sex herd and bull groups were also seen along the Kavik River 26 km 
west of the ANWR study area during 1983-1985. Radio collared bulls moved 
between the Tamayariak area and Kavik River in 1985. Muskoxen seen on the 
Kavik River during 1983-1985 were included in ANWR fall population estimates 
and comprised 2-3% of the population (Reynolds et al. 1986). 

Winter and Pre-Calving Distribution of Mixed-Sex Herds. Distribution and 
movements of mixed-sex muskoxen herds observei from 1982-1985 showed 
seasonal trends in the use of specific geographic areas (Reynolds et al. 
1985, 1986). In winter, in the Tamayariak area, herds were found along 
creeks south of Konganevik Point, the upper Tamayariak near VABM Yari, and 
in the uplands near VABM Tam. During the month of April, 1983-1985, most 
herds in the Tamayariak River were in the vicinity of VABM Yari. Some 
animals moved to the west fork of the Tamayariak River in early April and 
remained there until mid-May (Fi~. 28). 

Most mixed-sex muskoxen herds wintering in the Sadlerochit area remained 
along the river during late winter 1983-1985 (Fig. 28). During 1982 and 
1983, musKoxen were found on the ridges south of the upper Sadlerochit River 
in late March and early April. In mid-March 1984 and late February 1985, 
most animals had congregated into l large herd and moved to the hills east 
of Carter Creek, where in previous years they had calved (Reynolds et al. 
1985). 

Muskoxen in the Okerokovik area were found along the lower Sikrelurak and 
Angun Rivers and along the Niguanak River in January through March 1984. In 
1983 and 1985, mixed-sex herds also overwintered along these rivers, as well 
as on the Okerokovik River. In March 1985, the animals joined l large herd 
Which moved to bluffs between the Okerokovik and the Jago Rivers near VABM 
Pilak (Fig. 28). 

~lving and Post-calving Distribution of Mixed-Sex Herds. By May, during 
the peak of calving, mixed-sex muskox herds along the main fork of the 
Tamayariak River moved downstream toward VABM Mala and other animals 
remained on the west fork of the Tamayariak River (Fig. 29). In early June, 
muskoxen from both areas moved west to the Canning River delta. In 1982, 
some animals from the Tamayariak area also calved in the Carter Creek hills 
With muskoxen from the Sadlerochit River drainage. 
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Mixed-sex herds which overwintered jn the upper Katakturuk River also calved 
in this area (Fig. 20). Two different mixed-sex herds were oresent in 1084, 
hut most of these animals joined into a single large herd durin~ calving in 

loRS (Reynolds et al. lo85). 

In lo84 and loBS, muskoxen that moved to the Carter Creek hills in March and 
Februarv calved along or adjacent to uoper Carter Creek (Fjg, ?o). In lo8? 
and 1083, movements to the Carter Creek hills occurred in late Aprjl, Most 
Sadlerochit muskoxen calved in the Carter Hills in lo82 and in the adjacent 
Marsh Creek hills in lo83 (Fig. 2o). Some animals remained on the ridges of 
the upper Sadlerochit to calve in May lo82 and 108~. Only 1 old-age cow 

calved here alone in lo84. 

During lo82-lo84, most mixed-sex muskox herds overwintering along the Angun 
and the Sikrelurak Rivers remained on these rivers until late April when 
they moved to the Niguanak River to calve (Fig. 2o). In lo8S, Okerokovik 
animals, which had moved to Pilak bluffs east of the Jago River in early 
March, remained in this area until early June when they moved to the 
Okerokovik River (Reynolds et al. lo86). This same area had been used 
during calving and post-calving seasons in lo84 hy an old-aged cow 
accompanied by a 3-year old cow, which gave birth to a calf. A 16-year old 
cow calved alone on the Angun River in lo84, but joined a herd on the uoper 
Angun Rj_ver in earlv June. In all 4 yea,.,s, mixed-sex herds calvinr: on the 
Niguanal< Rjver, the An_gun River, or Pilak bluffs, moved to the Okerokovik 

River in late June (Fig. 2o). 

Table 10. Use of calving areas during mid-May by muskoxen in the Arctic 
National Wildlife Refuge, loA2-lo8S. 

Estimated numbers of muskoxen 

Location 1082 lo83 loA4 loBs 

Okerokovik Area: 
Niguanak River 
Angun River 
Okerokovik River 
Siksikpalak River 
Pilak bluffs 

Sadlerochit Area: 
Carter Creek hills 
Marsh Creek hills 
Upper Sadlerochit River 
Between Carter Creek and 

Sadlerochit River 
Tamayariak Area: 

2S 
6a 
lb 

70c 

22 

Tamayariak River, main fork 26 
Tamayariak Rive,.,, west fork 
llpper Katakturuk River 

Totals 150 

aon the Niguanak River until late May. 
hNo calves in herd by late June. 

21 
10 

7b 

q 

55 
5 

S5 
1o 
21 

202 

25 
1 
-

Fi 

3 

101 

--
1 

4o 
18 
4o 
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cincluding muskoxen from both Tamayariak and Sadlerochit areas. 
d21 muxkoxen moved to Niguanak River between 2o Aoril and 22 May. 
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Fig.28 Distribution of mixed-sex muskox herds 

in and near the Arctic National Wildlife Refuge 

study area during winter and precalving 

periods, 1982-1985. 
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Fi g.28 Dis t ribut i on of mixed-. sex muskox herds 

on and near t he Arct ic National Wild l i f e Refuge 

study area dur ing w inter and p r ecalving 

periods, 1982-1985. 
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Mixed-sex herds which overwintered in the upper Katakturuk River also calved 
in this area (Fig. 20). Two different mixed-sex herds were present in 1084, 
but most of these animals joined into a single large herd durin~ calving in 
1085 (Reynolds et al. 1085). 

In 1084 and 1085, muskoxen that moved to the Carter Creek hills in March and 
February calved along or adjacent to uoper Carter Creek (Fig. ?O). In 1082 
and 1083, movements to the Carter Creek hills occurred in late April. Most 
Sadlerochit muskoxen calved in the Carter Hills in 1082 and in the adjacent 
Marsh Creek hills in 1083 (Fig. 20). Some animals remained on the ridges of 
the upper Sadlerochit to calve in May 1082 and 1083. Only l old-age cow 
calved here alone in 1084. 

During l082-lo84, most mixed-sex muskox herds overwinterinr; along the Angun 
and the Sikrelurak Rivers remained on these rivers until late April when 
they moved to the Niguanak River to calve (Fip;. 20). In lo85, Okerokovik 
animals, "rhich had moved to Pilak bluffs east of the Jago River in early 
March, remained in this area until early June when they moved to the 
Okerokovik River (Reynolds et al. 1086). This same area had been used 
during calving and post-calving seasons in 1084 by an old-aged cow 
accompanied by a 3-year old cow, which gave birth to a calf. A 16-year old 
cow calved alone on the Angun River in lo84, hut joined a herd on the upper 
Angun River in early ,June. In all 4 yea,...s, mixed-sex herds calving on the 
Niguanak River, the Angun River, or Pilak bluffs, moved to the Okerokovik 
River in late June (Fig. 20). 

Table 10. Use of cal vim; areas during mid-May by muskoxen in the Arctic 
National Wildlife Refuge, 1082-1085. 

Location 1082 

Okerokovik Area: 
Niguanak River 25 
Angun River 6a 
Okerokovik River lb 
Siksikpalak River --
Pilak bluffs --

Sadlerochit Area: 
Carter Creek hills 70C 
Marsh Creek hills --
Upper Sadlerochit River 22 
Between Carter Creek and 

Sadlerochit River --
Tamayariak Area: 

Tamayariak River, main fork 26 
Tamayariak Rive,..., west fork --
Upper Katakturuk River ----

Totals 150 

aon the Niguanak River until late May. 
hNo calves in herd by late June. 

Estimated numbers of muskoxen 
1 os 3 loR4 

21 25 
10 l 

7b 

-- Fi 

-- 3 

g 101 
55 

5 l 

-- --

55 4g 
10 18 
21 40 ---

202 262 

cincluding muskoxen from both Tamayariak and Sadlerochit areas. 
d21 muxkoxen moved to Niguanak River between 20 Aoril and 22 May. 
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24 
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The mixed-sex herd of 14 animals which apparently dispersed 
calved on tributaries of the Ekaluakat River and Siksikpalak 
and near the mouth of the Ekaluakat River in 1085 (Fig. 20). 
they moved east to near the Kongakut River. 

east in 1084, 
River in lORll 

In June lOSe:: 

Areas used during the peak of calving in mid-Mav varied from year to year. 
(Table 10). Most variations were a shift in distribution to adjacent areas 
or dispersal of some animals into new areas (Reynolds et al. 1086). 

Summer, Rut, and Fall Distribution of Mixed-Sex Herds. Thrmwhrmt the 
summer, rut, and fall, muskoxen shmved similar patterns d:Jrin~ J08::'-10hc; 
(Fig. 30) (Reynolds et al. lo85, loR6). Animals congreg::tted along m2jor 
rivers during the latter half of June after leaf emergence of ripar'ian 
willows. Throughout July and August, as herds disoersed into small ruttinr: 
groups, distribution was more widespread, hut re~ained along or adjacent ~n 
rivers and creeks. After the rut, animals again congregated :i.n large r·er·ris 
along major rivers in late September. 

Muskoxen in the Tamayarial< area were concentrated primarily a] ong the v<t:i'i· 

and main forks of the Tamayariak River, and in the uolands sou h f 

Konganevik Point (Fig. ~0). In late Seotemher 1084 and 1qA5 manv moved west 
to the Canning River delta. By late Oc~oher, all had aga:i.n congrpgate 
along the main fork of the Tamayariak River during JOA2-lOR4. In e2rlv 
November loSS, almost all mixed-sex herds in the Tamavariak area wera 
located along the Katakturuk RivPr. Mixed-sex herds 2long the Kata 1,·tur·uk 
River spent the summer and rut along the loHer Katakturuk River 2nd the 
uplands south of Konganevil< Point, hetVJeen the Katakturuk RivPr and the 
Tamayariak River (Fig. 30). 

In the Sadlerochit area, mixed-sex muskox herds were found along the 
Sadlerochit River from Sadlerochit Springs to the mouth of the rivpr 
throughout the summer and fall. Herd distrihution was most extended in 
August and September during the rut when animals dispersed onto adjacent 
uplands and into adjacent drainages (Fig. 30). 

In the Okerokovik area, mixed-sex herds were observed along the Okerokovik 
River and adjacent hills in July and August. Some animals moved along the 
Niguanak River in August and several mnved to the mouth of the Angun River 
in late October lo84 and 1085 (Fig. 30). 

Mixed-sex muskox herds in all 3 geographic areas made periodic movements to 
river deltas on the arctic ocean coast (Reynolds et al. 1086). Muskoxen in 
the Tamayariak area moved to the Canning River delta in earl v to mid-June 
and again in late September. Animals in the Okerol<ovik area moved to the 
mouth of the Angun River during these same time periods. Muskoxen along the 
Sadlerochit River moved to the river delta on the coast at least once each 
summer. Vegetative cover at these locations did not appear to he 
Particularly lush and riparian willows were not present. Muskoxen may he 
attracted to these coastal areas by the presence of salt on the vegetation. 
Muskoxen in Greenland are attracted to salt licks, particularl v in ee1rl v 
summer, when physiological reouirements for sodium are high (H. Thinp:, pers. 
comm.). 
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Cbservation of radio-collared cows during 1g82-1g85 showed that most cows 
har1 a high fidelity to a specific geographic area (Reynolds et al. lg8fi). 
Jj nCJ:fors (l o84) described range fidelity of animals along the Sadlerochit 
River area. Movements of muskoxen can he defined as local movements which 
occur during the course of feeding activities over l or several days or 
directed movements in which animals travel relatively rapidly from l use 
area to another (Reynolds et al. 1086). Long range movements between 
geographic areas were infrequently seen, but in 1g82 and 1gB:), 3 
radio-collared cows, traveling alone or in different groups, moved from the 
Tamayariak area to the Sadlerochit area after calving or during summer. One 
of these cows returned to the Tamayariak area within a few weeks with a 
groun which included a radio-collared cow from the Sadlerochit area and a 
radio-collared hull originally captured in the Tamayariak area. Another cow 
over wintered in the Sadlerochit area and returned to the Tamayariak area in 
the following summer. The third cow moved to the Katakturuk River, where it 
remained for the next ~ years. These movements may have been related to the 
fractuning of large herds and the dispersal of herds into new areas 

(Reynolds et al. lg86). 

Detailed movements on l cow muskoxen in the Okerokovik area were recorded 
between August 1gR4 and August 1085 with the use of an experimental 
satellite collar (Reynolds, 1g86). More than ~00 locations on this animal 
defined areas of high use and movements between these areas (Fig. 31). The 
animal moved between use areas more frequently in summer, rut, and fall. In 
winter, this muskox and the 46 animals with which she was associated stayed 
within very limited areas for up to 2 months (Reynolds 1g86). Jingfors 
(lg84) found the lowest movement rates of muskoxen on the Sadlerochit River 
occurred during calving and the highest during periods of severe insect 

harrassment. 

Distribution of Bull Groups and Single Bulls. Bull groups and solitary 
bulls observed during lg82-l085 were often spatially segregated from 
mixed-sex herds (Fig. 32). Bulls occurred near the Canning River on the 
west side of the ANWR study a rea in all 4 years (Reynolds et al. l o8fi). 
Bull use of the upper Katakturuk River was documented in 1g7g and 1g81 (Ross 
lo7g, Ross lgRl). Radio-collared hulls used the upper Katakturuk primarily 
from mid-March to mid-June during 1g82-1g84 (Reynolds et al. lo86). Small 
hull groups overwintered on the south slopes of the eastern end of the 
Sadlerochit Mountains during lg83-l085. These bulls remained on the 
mountain slopes until mid-June, when these groups dispersed and solitary 
animals moved to tbe lower Sadlerochit River where they joined mixed-sex 
herds (Reynolds et al. 1086). Bulls have been observed along the Kongakut 
River on the eastern edge of the Okerokovik area since 1g7'j (Roseneau and 
Harhelow 1g74). From 1g82-1g85, bulls were seen along the Kongakut River 
througbout the year, and radio-collared hulls were often present in thiS 

area (Reynolds et al. lg8fi). 

Radio-collared hull muskoxen ranged over larger areas than did 
radio-collared COl-IS. Bulls made long movements between the Sadlerochit and 
Tamayariak areas, particularly in July and August (Reynolds et al. Jo86). 
Marked bulls also moved between the Tamayariak area and the Kavik and 
Sagavanirktok Rivers in 1g85. One radio-collared bull moved 100 km west to 
the Ivishak River and apparently did not return (Reynolds et al. lg86). 
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Fig, 30 Distribution of mixed-sex muskox herds 

in and near the Arctic National Wildlife Refuge 

study area in summer, rut and fall, 1982-1985. 
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Fig. 30 Distribution of mixed-sex muskox herds 

in and near the Arctic National Wildlife Refuge 
study area in summer, rut and fall , 1982-1985. 
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I Fig. 31 Distribution and major movements 

of a satellite-collared cow muskox· in 
the Arctic National Wildlife Refuge 
study area, Aug. 1984-Sept. 1985 

Summer, rut and fall (June-Oct.) 

Winter, precalving and calving 
(Nov.-May) 

...... > major movements 



+ + + + + + 

( 

Fig. 32 Areas in or near the Arctic National Wildli fe 

Refuge study area used primarily by bull groups 

or single bull muskoxen, 1982-1985. 

273 



r bservaL on of radio-collared cows during l q82-lQ85 showed that most cows 
h2rl a hir;r,h fidelity to a specific geographic area (Reynolds et al. lq8fi). 
J:ir1.:rfor2 ( l CJ84) described range fidelity of animals along the Sadlerochit 
River a rea. Movements of muskoxen can he defined as local movements which 
occur during the course of feeding activities over l or several days or 
directed movements in which animals travel relatively rapidly from l use 
area to another (Reynolds et al. 1086). Long range movements between 
r~eographic areas were infrequently seen, but in lQ82 and 1q83, 3 
radio-collared cows, traveling alone or in different groups, moved from the 
Tamayariak area to the Sadlerochit area after calving or during summer. One 
of these cows re~urned to the Tamayariav area within a few weeks with a 
grouo wr:ich included a radio-collared cow from the Sadlerochit area and a 
radio-collared hull originally captured in the Tamayariak area. Another cow 
over wintered in the Sadlerochit area and returned to the Tamayariak area in 
the following summer. The third cow moved to the Katakturuk River, where it 
remajned for the next 3 years. These movements may have been related to the 
r~a~tu~ing of large herds and the dispersal of herds into new areas 

(Reynolds et al. lq86). 

uetailed movements on l cow muskoxen in the Okerokovik area were recorded 
between August lQ84 and August lQ8~ with the use of an experimental 
satellite collar (Reynolds, 1q86). More than 300 locations on this animal 
defined areas of high use and movements between these areas (Fig. 31). The 
animal moved between use areas more frequently in summer, rut, and fall. In 
winter, this muskox and the 46 animals with which she was associated stayed 
within very limited areas for up to 2 months (Reynolds l q86). Jingfors 
(lq84) found the lowest movement rates of muskoxen on the Sadlerochit River 
occurred during calving and the highest during periods of severe insect 

harrassment. 

Distribution of Bull Groups and Single Bulls. Bull groups and solitary 
bulls observed during lQ82-lQ85 were often spatially segregated from 
mixed-sex herds (Fig. 32). Bulls occurred near the Canning River on the 
west side of the ANWR study area in all 4 years (Reynolds et al. lQ8fi). 
Bull use of the upper Katakturuv River was documented in 1q7g and lQ8l (Ross 
1g7g, Ross lQBl). Radio-collared bulls used the upper Katakturuk primarily 
from mid-March to mid-June during lQ82-lQ84 (Reynolds et al. lQ86). Small 
bull groups overwintered on the south slopes of the eastern end of the 
Sadlerochit Mountains during lQ83-lQ85. These hulls remained on the 
mountain slopes until mid-June, when these groups dispersed and solitary 
animals moved to tbe lower Sadlerochit River where they joined mixed-sex 
herds (Reynolds et al. lq86). Bulls have been observed along the Kongakut 
River on the eastern edge of the Okerokovik area since lQ73 (Roseneau and 
ltJarhelow lQ74). From lQ82-lQ85, bulls were seen along the Kongakut River 
throughout the year, and radio-collared bulls 1-1ere often present in this 
area (Reynolds et al. lq8fi). 

Radio-collared hull muskoxen ranged over larger areas than did 
radio-collared coHs. Bulls made long movements between the Sadlerochit and 
Tamavariak areas, particularly in July and August (Reynolds et al. JQ86) • 
Marked hulls also moved between the Tamayariak area and the Kavik and 
Sagavanirktok Rivers in lQ85. One radio-collared bull moved 100 km west to 
the Ivishak River and apparently did not return (Reynolds et al. lQ86). 
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t-larked bulls in the Okerokovik area ranged between the Okerokovik River on 
the west and the Firth River in northeast Canada (Reynolds et al. lCJ86). At 
least l male moved 140 km east to the Babbage River in Canada and apparently 
did not return. Long range movements east, west, and south of the study 
area and observed movements of 2 marked hulls between the Sadlerochit and 
Okerokovik areas may have been dispersal of young-aged males or males 
ejected by harem groups during the rut (Reynolds et al. lQ86). 

Habitat Use and Carrying Capacity 

Habitat occupied by muskoxen was documented by recording terrain features 
and land cover categories in which muskox herds were observed during 
radio-relocation flights and seasonal surveys. Seasonal occupancy of 
different terrain features was apparent during lCJ82-lQ85 (Reynolds et al. 
1q86). River and creek drainages were most frequently occupied by muskoxen 
throughout the year, except during the pre-calving season (Fig. ~l). Major 
river drainages were occupied in winter, summer, and fall. During the rut, 
muskoxen were often associated with small creek drainages rather than large 
rivers. During winter, pre-calving, and calving seasons, ridges, ola tea us, 
and bluffs, that often blow partly free of snow, were occupier' by some 
muskoxen. Occurrence of muskoxen on this terrain type reached a maximum 
during the pre-calving season in all 4 years (Reynolds et al. l q8F). By 
April on the north slope of Alaska, inversions can result in temperatures 
l0°C higher on ridges than in the surrounding drainages and snow ablation is 
accelerated in upland areas (Reynolds et al. lq86). Lent and Knutson (lQ7l) 
found that muskoxen tended to congregate where snow was absent or present in 
relatively shallow depths (10-jO em). Gunn (lq82) stated that muskoxen 
appeared to feed more intensively where snow cover was absent. 

Land cover categories (snow, wet sedge, tussocks, tall shruh, low 
shrub/forb, and bare) were identified on the basis of features recognizable 
from the air. Each category, with the exception of snow, included l or more 
vegetation categories (Table ll) described in Appendix l, Table 2. Muskox 
observations in the bare category, which included sightings on unvegetated 
gravel bars as well as outcrops or talus slopes on ridge tops or mountain 
sides, were combined with observations in the low shrubs/forb category, as 
these 2 categories occur adjacently or as complexes that were not alwavs 
distinguishable (Table 11). The low shrub/forb category encompassed a wide 
variety of communities including moist dwarf and low shrub tundra in 
non-riparian areas, dry tundra on ridges and mountain slopes, and dryas 
terraces, forb-rich river bars and open riparian shrubland along river flood 

plains. 

Table 11. Vegetation categorites in land cover classes jdentified from tbe 
air and occupied by mixed-sex muskox herds during radio-relocation 

flights and seasonal surveys in lQ82-lQ8S. 

Land cover categcry Ve~etation categories from Appendix 1, Table 2 

a 

Snow none 
Wet sedge llh, llc, llla, lllb 
Tussock Vh, Vla, Vlla, Vlc, Vllc 

Tall shrub Vlllc 
Low shrub/Forb lVa, Va, Vc, Vd, Vea, Vllb, Vllla, 

Vlllb, lXh, lXca, lXa, lXd, lX;a 

Bare 
Xa, Xc, Xd 

may also be classed as "Bare" 
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Fig. 33. Seasonal association of mixed-sex muskox herds with terrain features, 
observed during radio-relocation and seasonal surveys in the Arctic 
National Wildlife Refuge, 1982-1985. 
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The tall shrub category was restricted to stands of riparian willow along 
major rivers, while the tussock category included communities containing 
both tussock forming-sedges and dwarf and low shrubs. The wet sedge 
category included wet sedge and gramminoid communities. 

Seasonal differences in muskox occupancy of land cover categories, were 
apparent during 1982-1985 (Reynolds et al. 1986). Snow, present in all 
seasons, comprised 37%-95% of all land cover observations from fall through 
calving (Fig. 34A). Low shrub-forb communities were occupied most 
frequently throughout the year (Fig. 34B). Muskox association with 
vegetation followed a phenological progression. In late May or early June 
during the calving period, as the snow melted first on bluffs and ridges, 
muskoxen were often found in upland areas of low shrub-forb communi ties or 
tussock communities. Robus (1984) founo that the tussock-forming sedge 
Eriorphorum vaginatum was a preferred food item for muskoxen using the 
Sadlerochit area in late May. In late June and early July, as willows 
emerged, muskoxen moved back into major river drainages during all 4 years. 
Occupancy of tall shrub and adjacent communities of low shrub/forb or bare 
gravel bars continued through summer and rut. Robus (1981) found that as 
riparian willows initiated growth they became important food items for 
muskoxen along the Sadlerochit River in summer and willows were selected 
throughout most of the growing season (Robus 1984). Tall shrub communitites 
along gravel bars were occupied in September and October as animals 
congregated on major river drainages (Fig. 34B). Snow covered the 
vegetation except for tall riparian willows by early October 1982, early 
November 1983 and 1985, and mid-October 1984. 

Major components of habitat occupied by muskoxen on the ANWR coastal plain 
are river systems with diverse low shrub-forb and tall willow communities, 
situated near uplands, hillsides, plateaus, or bluffs where low snow cover 
can be found in winter, pre-calving, and calving seasons. The presence of 
these components in many areas not currently used by muskoxen indicates the 
population will probably continue to increase and expand into unexploi ted 
hab itat (Reynolds et al. 198~). 

Availability of highly nutritious and abundant forage species apparently 
have contributed to the high productivity seen in the ANWR muskox 
populations. Robus (1981) found that production of the willow Salix 
~exensis, a preferred muskoxen forage species, peaked in early August at 
82.4 g/m2 along the Sadlerochit River. In contrast, a peak biomass value 
for Salix arctica of 18.6 g/m2 was recorded on Bathurst Island in the 
Canadian high arctic, an area where productivity of muskoxen (numbers of 
calves/cows) was lower than that observed on the Sadlerochit River (Jingfors 
lq80). Gunn (1984) suggested that the muskox breeding cycle is related to 
the auality of summer forage. Snow cover is also apparently a factor 
control ling muskox populations in Greenland (Vibe 1958 and 19~7, as cited by 
Thing et al. 1984) and high arctic Canada (Parker et al. 1975; Parker 1978, 
as cited by Thing et al. 1984). 

Differences in terrain features, vegetation communities, and snow cover may 
account for the slower rate of population growth in the Okerokovik area, 
~ompared with the Sadlerochit and Tamayariak areas (Reynolds et al. 1986). 
R ~svoxen were rarely seen in the area between the Hulahula River and Jago 
flver (Fig. 25), which is characterized by a lack of major topographic 
eatures. Snow cover may also he greater in this area (Felix et al. 198~). 
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Fig. 33. Seasonal association of mixed-sex muskox herds with terrain features, 
observed during radio-relocation and seasonal surveys in the Arctic 
National Wildlife Refuge, 1982-1985. 
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The tall shrub category was restricted to stands of riparian willow along 
major rivers, while the tussock category included communi ties containing 
both tussock forming-sedges and dwarf and low shrubs. The wet sedge 
category included wet sedge and gramminoid communities. 

Seasonal differences in muskox occupancy of land cover categories, were 
apparent during 1 g82-l gSs (Reynolds et al. l g86). Snow, present in all 
seasons, comprised 37%-gs% of all land cover observations from fall through 
calving (Fig. 34A). Low shrub-forb communities were occupied most 
frequently throughout the year (Fig. 34B). Muskox association with 
vegetation followed a phenological progression. In late May or early June 
during the calving period, as the snow mel ted first on bluffs and rj_dges, 
muskoxen were often found in upland areas of low shrub-forb communities or 
tussock communities. Robus (lg84) found that the tussock-forming sedge 
F.riorphorum vaginatum was a prefe~red food item fo~ muskoxen using the 
Sadlerochit a~ea in late May. In late June and early July, as willo;-Js 
emerged, muskoxen moved hack into major river drainages during all 4 years. 
Occupancy of tall sh~ub and adjacent communities of low shrub/fo~h or hare 
gravel ba~s continued th~ough summer and rut. Robus (lgfll) found that as 
riparian willows initiated growth they became important food items for 
muskoxen along the Sadlerochit River in summe~ and vJillows were selected 
throughout most of the growing season (Robus lg84). Tall shrub communitites 
along g~avel bars were occupied in September and October as animals 
congregated on major river drainages (Fig. 34B). SnoVJ covered ti-1, 
vegetation except for tall riparian willovJS by early Octobe~ 1g82, earl v 
November 1g83 and 1g85, and mid-October lg84. 

Major components of hahi tat occupied by muskoxen on the ANWR coastal plain 
are river systems Hith diverse low shrub-forb and tall HilloVJ communities, 
situated near uplands, hillsides, plateaus, or bluffs Hhere loVJ snoVJ cover 
can be found in Hinter, pre-calving, and calving seasons. The presence of 
these components in many areas not currently used by muskoxen indicates the 
population Hill probably continue to increase and expand into unexploi ted 
habitat (Reynolds et al. lg86). 

Availability of highly nutritious and abundant forage species apparently 
have contributed to the high productivity seen in the ANWR muskox 
populations. Rohus (lo81) found that production of the willow Salix 
alexensis, a preferred muskoxen forage species, peaked in early August at 
82.4 g;m2 along the Sadlerochit River. In contrast, a peak biomass value 
for Salix arctica of 18.6 g;m2 Has recorded on Bathurst Island in the 
Canadian high arctic, an area where productivity of muskoxen (numhers of 
calves/cows) Has loHer than that observed on the Sadlerochit River (Jingfors 
lg80). Gunn (lg84) suggested that the muskox breeding cycle is related to 
the auality of summer fo~age. SnoVJ cover is also apparently a factor 
controlling muskox populations in Greenland (Vibe 1gs8 and 1g67, as cited by 
Thing et al. 1084) and high arctic Canada (Parker et al. 1075; Parker lg78, 
as cited by Thing et al. 1084). 

Differences in terrain features, vegetation communities, and snoVI cover may 
account for the sloVJer rate of population groVJth in the Okerokovik area, 
compared Hi th the Sadlerochit and Tamayariak areas (Reynolds et al. J o86). 
Muskoxen Here rarely seen in the area hetVJeen the Hula hula River and Jago 
River (Fig. 25), vrhich is cha~acterized by a lack of major topographic 
features. SnoVJ cover may also he greater in this area (Felix et al. lo861. 
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Qualitative examination of summer and winter muskox use areas in 1985 
suggests that current population densities are not impacting vegetation 
growth in high use areas (Reynolds et al . 1986). However, quantitative 
measurements are needed to determine the interrelationships between the 
habitat and this rapidly growing population. 

The ANWR muskox population has apparently not yet reached carrying capacity, 
assuming that carrying capacity is habitat controlled. Population growth is 
increasing exponentially. The growth curve may still be in the accelerating 
phase of a logistic ("s" shaped) curve which has not yet reached the point 
of inflection (Kendeigh 1961). At this point, the population is assumed to 
be at maximum sustainahle yield (McCullough 1984). If the growth curve has 
passed this point, the rate of growth may have started to decelerate. 
Eventually the population may reach the point where net productivity 
declines to zero, defined by McCullough (1984) as K carrying capacity . This 
is the maximum number of animals an environment will support without 
destruction of vegetation according to McCullough (1984). Caughley ( 1976, 
1979) predicted that a herbivore population introduced into a habitat will 
increase rapidly (erupt), decrease and eventually fluctuate about an 
equilibrium. Gunn (1984) suggests that dispersion of populations could 
retard or prevent eruptions and subsequent declines. The ANWR muskox 
population is apparently in the eruptive phase of population growth and 
dispersal into new areas is occurring. 

Impacts of Human Activities and Natural Causes 

Human activities not related to resource development may affect ANWR muskox 
populations, distribution, movements, and habitat use. Legal hunting has 
been permitted on a limited basis since 1983 . Initially, most hunters used 
private aircraft to hunt, but soon learned that snowmachines were a more 
efficient way to hunt. Local residents have not used muskoxen as a meat 
source since the animals were transplanted into the area, probably because 
there has been no traditional use of muskoxen in this area for at least 100 
years and the limited hunting season, when opened, required a big game fee 
of $500. In 1986, when 5 permits for bull muskoxen were issued in Kaktovik 
and fees were lowered to $25, local residents showed interest in hunting 
muskoxen. Muskox herds in the Sadlerochit area and Okerokovik area are 
within easy access of Kaktovik by snowmachine. Although hunting 
r egulations, seasons and limits presumably will be set to insure an 
a ppropriate harvest, poaching of animals may increase as people discover how 
easy it is to hunt muskoxen. Legal and illegal hunting probably would have 
to increase substantially before the ANWR muskox population would be 
e f fected, but distribution, movements, and habitat use may he changed if 
an imals are repeatedly disturbed by snowmachines . Circumstantial evidence 
suggest that animals may move fairly long distances when harassed by 
snowmachines (Reynolds et al. 1986). 

Brown bears and wolves are potential predators on muskoxen, but the low 
mo r tality rates in the ANWR muskox population indicate that predation is not 
currently a factor in population regulation (Reynolds et al. 1986). Bears 
appear to be more significant predators than wolves at the present time. 
Bear populations adjacent to the ANWR coastal plain were relatively high in 
19 82- 1985 (Garner et al. l986a). Bear predation or scavenging was observed 
on 5 occasions between 1982-1985 (Table 8) . A radio-collared bear was seen 
on 2 different carcasses of bull muskoxen . In addition, l bear was observed 
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Qualitative examination of summer and winter muskox use areas in 198S 
suggests that current population densities are not impacting vegetation 
growth in high use areas (Reynolds et al. 1986). However, quantitative 
measurements are needed to determine the interrelationships between the 
habitat and this rapidly growing population. 

The ANWR muskox population has apparently not yet reached carrying capacity, 
assuming that carrying capacity is habitat controlled. Population growth is 
increasing exponentially. The growth curve may still be in the accelerating 
phase of a logistic ( "s" shaped) curve which has not yet reached the point 
of inflection (Kendeigh 1961). At this point, the population is assumed to 
be at maximum sustainable yield (McCullough 1984). If the growth curve has 
passed this point, the rate of growth may have started to decelerate. 
Eventually the population may reach the point where net productivity 
declines to zero, defined by McCullough (1984) as K carrying capacity. This 
is the maximum number of animals an environment will support without 
destruction of vegetation according to McCullough (1984). Caughley (l97fi, 
1979) predicted that a herbivore population introduced into a habitat will 
increase rapidly (erupt), decrease and eventually fluctuate about an 
equilibrium. Gunn (1984) suggests that dispersion of populations could 
retard or prevent eruptions and subsequent declines. The ANWR muskox 
population is apparently in the eruptive phase of population growth and 
dispersal into new areas is occurring. 

Impacts of Human Activities and Natural Causes 

Human activities not related to resource development may affect ANWR muskox 
populations, distribution, movements, and habitat use. Legal hunting has 
been permitted on a limited basis since 1983. Initially, most hunters used 
private aircraft to hunt, but soon learned that snowmachines were a more 
efficient way to hunt. Local residents have not used muskoxen as a meat 
source since the animals were transplanted into the area, probably because 
there has been no traditional use of muskoxen in this area for at least 100 
years and the limited hunting season, when opened, required a big game fee 
of $SOO. In 1986, when 5 permits for bull muskoxen were issued in Kaktovik 
and fees were lowered to $25, local residents showed interest in hunting 
muskoxen. Muskox herds in the Sadlerochit area and Okerokovjk area are 
within easy access of Kaktovik by snowmachine. Although hunting 
regulations, seasons and limits presumably will he set to insure an 
appropriate harvest, poaching of animals may increase as people discover how 
easy it is to hunt muskoxen. Legal and illegal hunting probably would have 
to increase substantially before the ANWR muskox population would be 
effected, but distribution, movements, and habitat use may he changed if 
animals are repeatedly disturbed by snowmachines. Circumstantial evidence 
suggest that animals may move fairly long distances when harassed by 
snowmachines (Reynolds et al. 1986). 

Brown bears and wolves are potential predators on muskoxen, but the low 
mortality rates in the ANWR muskox population indicate that predation is not 
currently a factor in population regulation (Reynolds et al. 1_986). Rears 
appear to be more significant predators than wolves at the present time. 
Bear populations adjacent to the ANWR coastal plain were relatively high in 
1982-1985 (Garner et al. 1986a). Bear predation or scavenging was observed 
on 5 occasions between 1982-1985 (Table 8). A radio-collared bear was seen 
on 2 different carcasses of bull muskoxen. In addition, l hear was observed 
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stalking a herd of muskoxen. The muskoxen formed a defensive circle when 
the bear was at least 600 m away, then ran and reformed the circle 3 times 
before running to the top of a hill and out of sight. Single muskoxen are 
probably more susceptible to predation by bears. Miller and Gunn (lq82) 
described grizzly predation on a single bull muskox. 

No incidence of wolf predation was observed in 1q82-1q8c:;, although wolves 
were seen near a bull muskox. Gray (lq70) observed a lone wolf attack and 
kill a single bull muskoxen. Miller and Gunn (1g77) described an 
unsuccessful attack of a single wolf on a herd of muskoxen. 

Data Gaps 

Population numbers and composition, and habitat quality should he monitored 
to document changes in this rapidly expanding population. This information 
is essential for management of the population to avoid over-population. 
Limited data collected in lg84-lg85 indicate that muskoxen reduce both 
movements and activity in winter as an energy conserving mechanism (Reynolds 
lg86). However, more data are needed on winter distribution, movements, 
activity, and habitat use to predict and mitigate potential impacts 
re~:;ul ting from resource development on the AN)IIR coastal plain. 

Moose (Alces alces gigas) 

fvloosc; occur throughout Alaska and are considered the most widespread big 
garr1e animal in the state (Chatelain 1g52). Bee and Hall (lq56) considered 
moose common in the riparian communi ties along major rivers on the north 
slope of the Brooks Range. Distributional patterns of moose north of the 
Br·ooks 'iange vary seasonally, with animals being concentrated in the major 
r'i ver valleys in the mountains during the winter and occurring in lower 
~ensities throughout the foothills, mountains, and coastal plain during the 
summer months (LeResche et al. 1q74, Coady 1q7q). Densities of moose on the 
coastal plain of the north slope are low and their occurrence there is 
considered infrequent (Chesemore 1q68h, Mould 1q77), with speculation that 
use of tundra habitats may be an effort by moose to seek relief from insect 
har~ssment (Mould 1g77). 

The •!ccurrence of moose in northern Alaska and other northern environments 
has been considered a recent range extension into previously unoccupied 
areas (Anderson 1q24, Leopold and Darling 1g53a, Peterson 1g5c:;, Barry 1g61, 
Kelsall 1g72). This view was disputed by Lutz (lg6o), who presented a 
h[storical record indicating that moose have long been present in these 
regions, and are subject to major movements and shifts in the use of 
available ranges. Causes for these shifts are poorly understood at the 
present time. However, habitat changes induced by fire (Leopold and 
Darling 1q53a, Kelsall 1g72) and changing habitat conditions caused by a 
graduaL holarctic warming trend have been proposed (Leopold and Darling 
1g53a). Recent archaeologic evidence supports Lutz's theory and indicate 
that moose have long been present in northern Alaska (Hall 1g73). 

Several major populations of moose occur on the north slope of Alaska, with 
the largest populations associated with the Colville River (Mould 1q77, NPRA 
Task Force 1g78, NPR-A Hark Group 3 1g7q). Roseneau and Stern (lg74b) 
obse•"ved more moose along the Chandalar River on the south side on the 
'kY)KS liange th::m the Colville River in 1g72. In northeastern Alaska, 
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concentrations of moose occur along the Canning and Kongakut River drainages 
(Roseneau and Stern 1q74, Lenarz et al. lg74b), with sporadic occurrences 
along other river drainages between the 2 rivers. 

In ANWR, moose range onto the coastal plain during the summer months. The 
dynamics of seasonal population shifts and the relative importance of the 
coastal plain as a component of the habitat requirements of moose is 
discussed below. The general biology of the species is discussed 
Peterson (1g55) and Franzman (lq78). 

Populations 

There are ? major moose populations north of the continental divide on 
ANHR. The most stable population is associated v.;ith the Cannin;;: iver on 
the northwestern portion of ANWR (Fig. 35). Surveys were con(! ted along 
the Canning River during 1q72-1g7'5, 1g77, 1g78, 1g8o, and lq8:<-:La8~. The 
second moose concentration area is the upper Kongakut River draina~e in the 
northeastern part of ANWR (Fig. 3fi), where surveys were conc1ucted durinp; 
1g72, 1g73, 1g77, 1g78, 1g8o, and 1q83-1q85. For the purpose cf rhis 
report, only the lgBo, 1083, lq84, and JqSc:; aerial surveys are used for 
direct comparisons. Timing and areas surveyed in previous surveys vari 
between years. Direct comparison of the resultant data sets is difficult. 

Canning River Population 

The Canning River flm..rs from the continental divide north to the Arctic 
Ocean and has 2 main hr;mches in the Brooks Range. The Marsh Fork flov-1s 
north from the Phillip Smith Mountains, while the main branch of the Canning 
River flows north from the Franklin Mountains. Moose are found throughout 
the drainage, hut distribution varies seasonally and in relation to 
availability of willow habitat. Since 1g72, population size, composition, 
and distribution of moose along the Canning River drainage has been studied 
using aerial surveys. 

The Canning River population was surveyed several times in 1g72 (Roseneau 
and Stern 1g74) and a maximum of 48 moose were recorded in l'-1arch-April 
(Table 12). The Cache/Eagle Creek area was noted as an area important to 
concentrations of moose, especially in the extensive willow (Salix sop.) 
stands at the mouths of these 2 creeks. The river Has surveyed again in 
1g73 and 1q74, and a maximum of 6g moose was noted in October 1q73, with 64 
of these animals in the Cache/Eagle Creek area (Lenarz et al. lg74). 
Subsequent surveys of the Canning River by ANHR staff recorded decreasecl 
numbers of moose during April l q77 and l g78. Standard survev routes were 
flown during April lqSo, lq84, and 1q8c:;, and October 1q83, lg84, and lqSs. 
The April 1g8o survey detected a large increase in the number of moose in 
the Canning River drainage. Subseauent surveys of the main Canning Ri ve1~ 
drainage indicated a relatively stable moose population 'Table 12). 
However, the October 1g8c:; survey showed an 20.8% increase (33 moose). 

During the spring 1g84 and l q85, and fall 1g8c:; surveys, the l'1arsb Fork of 
the upper Canning River drainage was surveyed in addition to the ranning 
River survey area (Fig. 35). The number of moose present in the Marsh Fork 
Was varied from 44 in April lOSS to g in Octoher 1q85 (Table l?). The 
October 1g85 survey showed an increase of 33 moose (mostly adults) within 
the main Canning River drainage. App2rently this influx of moose entered 
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~3talking a herd of muskoxen. The muskoxen formed a defensive circle when 
the bear was at least 600 m away, then ran and reformed the circle 3 times 
before running to the top of a hill and out of sight. Single muskoxen are 
probably more susceptible to predation by hears. Miller and Gunn (lq82) 
lescribed grizzly predation on a single bull muskox. 

No incidence of wolf predation was observed in lg82-lg8'), although wolves 
were seen near a bull muskox. Gray (lg70) observed a lone wolf attack and 
kill a single bull muskoxen. Miller and Gunn (1g77) described an 
unsuccessful attack of a single wolf on a herd of muskoxen. 

D2ta Gaps 

Population numbers and composition, and habitat quality should he monitored 
to document changes in this rapidly expanding population. This information 
lS essential for management of the population to avoid over-population. 
Limited data collected in lg84-lg85 indicate that muskoxen reduce both 
movements and activity in winter as an energy conserving mechanism (Reynolds 
1g86). However, more data are needed on winter distribution, movements, 
activity, and habitat use to predict and mitigate potential impacts 
resulting from resource development on the ANWR coastal plain. 

Moose (Alces alces gigas) 

lvloose occur throughout Alaska and are considered the most widespread big 
gar1e animal in the state (Chatelain 1g52). Bee and Hall (lg56) considered 
moose common in the riparian communi ties along major rivers on the north 
;o;lope of the Brooks Range. Distributional patterns of moose north of the 
Br·ooks ::iange vary seasonally, with animals being concentrated in the major 
r'i ver valleys in the mountains during the winter and occurring in lower 
~ensities throughout the foothills, mountains, and coastal plain during the 
summer months (LeResche et al. 1g74, Coady 1g7g), Densities of moose on the 
coastal plain of the north slope are low and their occurrence there is 
considered infrequent (Chesemore lg68b, Mould 1g77), with speculation that 
use of tundra habitats may be an effort by moose to seek relief from insect 

harassment (Mould 1g77). 

The occurrence of moose in northern Alaska and other northern environments 
has been considered a recent range extension into previously unoccupied 
areas (Anderson 1g24, Leopold and Darling 1g53a, Peterson 1g55, Barry lq6l, 
Kelsall 1g72). This view was disputed by Lutz (lq6o), who presented a 
h:istorical record indicating that moose have long been present in these 
regions, and are subject to major movements and shifts in the use of 
available ranges. Causes for these shifts are poorly understood at the 
present time. However, habitat changes induced by fire (Leopold and 
Darling 1q53a, Kelsall 1g72) and changing habitat conditions caused by a 
gradual holarctic warming trend have been proposed (Leopold and Darling 
lY"l3a). Recent archaeologic evidence supports Lutz's theory and indicate 
that moose have long been present in northern Alaska (Hall 1q73). 

"·Rvercl major populations of moose occur on the north slope of Alaska, with 
~he largest populations associated with the Colville River" (Mould 1g77, NPRA 
";:-,,:;;\ For.~e 1g78, NPR-A Work Group 3 1g7g), Roseneau and Stern (lg74b) 

OS'?''.·ed more moose along the Chandalar River on the south side on the 
<r·, ''"" ?~~ng;e th3n the Colville River in 1g72. In northeastern Alaska, 
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concentrations of moose occur along the Canning and Kongakut River drainages 
(Roseneau and Stern 1g74, Lenar'z et al. lg74b), with sporadic occurrences 
along other river drainages between the 2 rivers. 

In ANWR, moose range onto the coastal plain during the summer months. 
dynamics of seasonal population shifts and the relative importance of 
coastal plain as a component of the habitat requirements of moose 
discussed below. The general biology of the species is discussed 
Peterson (lgS5) and Franzman (lg78). 

Populations 

The 
the 

], 

There are 2 major moose populations north of the continental divide on 
ANWR. The most stable population is associated with the Canninp ;; ver on 
the northwestern portion of ANWR (Fig. 35). Surveys were concit/•ter} along 
the Canning River during 1g72-1g7s, 1g77, lg78, 1g8o, and lg8l-l08C';. The 
second moose concentration area is the upper Kongakut River drainage in the 
northeastern part of ANWR (Fig. 3fi), where surveys were conducted d uri np; 
1g72, 1g73, 1g77, 1g78, 1g8o, and lg83-lg8s. For the purpose cf rh~.s 
report, only the 1g8o, 1g83, lg84, and Jq8') aerial surveys are used for 
direct comparisons. Timing and areas surveyed in previous c>urveys vari2 
between years. Direct comparison of the resultant data sets is difficult. 

Canning River Population 

The Canning River fl01-.rs from the continental divide north to the Arctic 
Ocean and has 2 main branches in the Brooks Range. The Marsh Fork flovJS 
north from the Phillio Smith Mountains, while the main branch of the Canning 
River flows north from the Franklin Mountains. Moose are found throughout 
the drainage, but distribution varies seasonally and in relation to 
availability of willow habitat. Since 1g72, population size, composition, 
and distribution of moose along the Canning River drainage has been studied 
using aerial surveys. 

The Canning River population was surveyed several times in 1g72 (Roseneau 
and Stern 1g74) and a maximum of 48 moose vJere recorded in Harch-Apri l 
(Table 12). The Cache/Eagle Creek area was noted as an area important to 
concentrations of moose, especially in the extensive willow (Salix spp.) 
stands at the mouths of these 2 creeks. The river was surveyed again in 
1g73 and 1g74, and a maximum of 6g moose was noted in Octoher 1g73, with 64 
of these animals in the Cache/Eagle Creek area (Lenarz et al. Jg74). 
Subsequent surveys of the Canning River by AN\.JR staff recorded decreased 
numbers of moose during April 1g77 and 1g78. Standard survev routes were 
flown during April 1g8o, lg84, and 1g85, and October 1g83, lg84, and lgSs. 
The April 1g8o survey detected a large increase in the number of moose in 
the Canning River drainage. Subsequent surveys of the main Canning River 
drainage indicated a relatively stable moose oooulation fTahle l?). 
However, the October 1g8'J survey showed an 20.8% increase (33 moose). 

During the spring 1g84 and 1g85, and fall 1g85 surveys, the Marsh Fork of 
the upper Canning River drainage was surveyed in addition to the Canning 
River survey area (Fig. 35). The number of moose present in the Harsh Fork 
was varied from 44 in April l08S to g in Octoher 1g85 (Table l?). The 
October lo85 survey showed an increase of 33 moose (mostly adults) within 
the main Canning River drainage. App8rently this influx of moose entered 
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Fig. 35. Canning and Kavik River moose 
survey area, /984 and 1985. 
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Fig. 35. Canning and Kavik River maase 
survey area, 1984 and 1985. 

SADLEROCHIT MTS. 

69"N 

MOUNTAINS 

143•W 

69• 

143"W' 

0 0 K 

0 
s 

0 

"" 
-1, 

?-

N 

.s: 
142"W) 

282 

Fig. 36. Kongakut River moose 
survey area, 1983-/985. 

69"· 

0 5 

miles 

r=:, ...: . - ~~~ ~" "'""· ~-. . 



the d~ainage through the Marsh Fork in the spring of Jq8c:;. The source of 
the additional moose is unknown. However, these data indicate that the 
seasonal north and south movements along the drainage described by Lenarz et 
al. (1g74) may function as the method for integrating influxes of moose from 
surrounding drainages into the Canning Rive~ moose populations. 

Tahle 12. Numbers of moose observed during aerial surveys of the Canning and 
Kongakut Rivers on the Arctic National Wildlife Refuge, 1g72-1g85. 

Survey 
date 

March-April 1g72a 
Septemher-Octoher 1g72a 
March-April 1g73b 
May Jg73h 
October 1g73h 
Ma~ch 1q74h 
September 1g76c 
April 1g77c 
April 1q7gc 
April lg8oc 
September 1g83d 
October 1g83d 
April 1g34d 
October-November 1g34d 
April 1g85e 
October 1g85e 

excluding 
Marsh Fork 

33 
4 

43 
40 
fif) 

48 
43 

147 
7g 

l4g 
l4q 
158 
l5g 
]g2 

aRoseneau and Stern 1g74b 
bLenarz et al. ]g74 

Drainage 
Canning River 
including Cache/Eagle 
Marsh Fork 

48 
7 

fi4 
4S 
6g 
42 

158 

203 
201 

Creeks 

Hi 
2 

1)4 

42 

lll 
42 

no 
84 

146 
f)g 

154 

CArctic National Wildlife Refuge Files 
dMartin and Garner 1g85 . 
ethis study 

Kavik 
River 

25 
3 

24 
21 

2S 

76 

g6 
7g 

Kongakut 
River 

21 
8 

fi8 

S4 
s8 

1;::>~ 

158 
134 
23q 
205 
]g4 

Moose present in the Kavik River drainage were surveyed, in conjunction with 
the Canning River survey, during the spring of lq84 and 1g8c:;, and fall Jq85 
aerial surveys (Fig. 35). The close proximity of the Kavik River to the 
Canning River, and observed movement of moose between the drainages (Lenarz et 
al. 1g74), indicates that moose occurring in the 2 drainages probably compose 
a single population. The resultant data indicate a relatively stable moose 
population, with fluctuations corresponding to the Canning River population 
(Table 12). Age/sex composition data were gathered during all su~veys, with 
the more detailed information available for the fall survevs when antler 
growth was complete and moose were aggregated for the rut (Table 13)· 
Bull/cow ratios were relatively high during Jq83-lg85, ranging from 67 

bulls/100 cows to 77 bulls/100 cows. Calf oroduction aooeared to be moderate, 
with an average of 38 calves/100 arlult . cows during the fall surveys of 
Jq83-l08S. Over-winter calf survival appears to he high (Table 13). However, 
seasonal moose movements along the Canning River drainage complicate 8 

detailed assessment of calf survival rates. 
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Table 13. Composition of moose 
River, 1g73-1g8c:;. 

Date Bulls Cows 

26 May 1g73a 7 21 
6 October 1g73a 15 23 
16 October 1g73a 20 37 
17 October 1g73a 14 21 
l March 1q74a 
21September 1g76h 14 24 
ll April 1g77b 
25 April Jq8oc 
30 October 1q83C 44 73 
20 April ]g84C 
2 November lq84C 47 77 
26 April 1q85c 
21 October 1g85c 51 go 

aLenarz et al. 1g74 

observed 

bulls 

14 
2 

7 

10 

lg 

bArctic National Wildlife Refuge Files 
CMuehlenhardt and Ga~ner Jq86 

during 

Calves 

3 
7 

12 
7 
4 
4 

13 
14 
25 
17 
24 
23 
32 

surveys along 

Yearling 
adults 

38 

35 
133 

132 

136 

the Canning 

Unclassified 
Totals 

45 
47 
f)g 

42 
42 
42 
48 

147 
14g 
]Lig 

158 
lc:;g 
]g2 

These data indicate small overwintering populations along these drainages. 
The Okpirourak River supported a group of 7 moose in April 1 q34. It is not 
known whether these mosse occupy this area year-round or had migrated from 
another drainage. 

Kongakut River Population 

The Kongakut River flows north from the continental divide to the Arctic Ocean 
in the northeast portion of ANWR. Moose normally occur in the upoer reache 
of the river south of Whale Mountain (Fig. 36). This pooulation is more 
variable than the Canning River population (Table 12) and is subject to 
periodic emigrations and immigrations of moose from the Sheenjek River 
drainage and the Firth River/Mancha Creek d~ainages (Roseneau and Stern 
l974b). Surveys we~e conducted in the Kongakut River during 1g72 and 1g73 by 
Renewable Resources Consulting Service (Jakimchuk 1g74a, Jq74h). Additional 
surveys were conducted by ANWR staff during 1g77, 1g78, 1g8o, and Jq8~-lq85. 

Populations varj.ed f~om a low of 8 moose in 1g73 to a high of 23g moose i'l 
lg84 (Table 12). Standard survey routes were flown during ]g8o and 1q8~-lq85 
(Fig. 36). The re.sults of these surveys were not as variable as earlier 
surveys, but still indicate a mobile population (Table 12). 

Composition data for 1g73 indicated 8g bulls/100 cows and 128 bulls/]00 co"'"' 
in 1g83 (Table 14). The reasons for these high ratios are unknown, however, 
the low hunting oressure and the extensive dispersion of cows into surrounding 
drainages may contribute to these high ratios. Calf production was high in 
the Kongakut drainage with an average of 45 calves/100 cows during Jq8~-lg8~. 
Over-winter calf survival also appears high, hut the population is too 
variable to determine accurate estimates. 
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the d~ainage through the Marsh Fork in the spring of 1q85. The source of 
the additional moose is unknown. However, these data indicate that the 
seasonal north and south movements along the drainage described by Lenarz et 
aJ. (1q74) may function as the method for integrating influxes of moose from 
surrounding drainages into the Canning River moose populations. 

Table 12. Numbers of moose observed during aerial surveys of the Canning and 
Kongakut Rivers on the Arctic National Wildlife Refuge, 1q72-1q85. 

Drainage 
Survey Canning River 
date excluding 

Marsh Fork --

March-April 1q72a 33 
September-October 1q72a 4 
March-April 1q73b 43 
May 1q73h 40 
October Jq'(3h 66 
March 1q74h --
September 1q76c --
April 1q77c 48 
April 1q78C 43 
April l_g8oc 147 
September 1q83d 7q 
October 1q83d 14q 
April 1q34d 14q 
October-November 1q34d 158 
April 1q85e 15q 
October 1q85e lq2 

aRoseneau and Stern 1g74h 
bLenarz et al. Jq74 

including 
Marsh Fork 

48 
7 

64 
45 
6q 
42 
--
--
--
--
--
--

158 
--

203 
201 

cArctic National Wildlife Refuge Files 
dMartin and Garner 1g85 
ethis study 

Cache/Eagle 
Creeks 

lfi 
2 

--
--
64 
--
42 
--
--

lll 
42 

uo 
84 

146 
6q 

154 

Kavik Kongakut 
River River 

25 21 
3 8 

24 
21 
-- ()8 
25 

-- 54 
-- 58 
-- 12~ 

-- 158 
76 134 
-- 23q 
q6 205 
7g lq4 

t·1oose present in the Kavik River drainage were surveyed, in conjunction with 
the Canning River survey, during the spring of 1q84 and 1q8s, and fall lq85 
aerial surveys (Fig. 35). The close proximity of the Kavik River to the 
Canning River, and observed movement of moose between the drainages (Lenarz et 
al. 1g74), indicates that moose occurring in the 2 drainages probably compose 
a single population. The resultant data indicate a relatively stable moose 
population, with fluctuations corresponding to the Canning River population 
(Table 12). Age/sex composition data were gathered during all surveys, with 
the more detailed information available for the fall survevs when antler 
growth was complete and moose were aggregated for the rut (Table 13). 
Bull/cow ratios were relatively high during lq8~-lq85, ranging from 67 
bulls/100 cows to 77 bulls/100 cows. Calf production aopeared to he moderate, 
with an average of 38 calves/100 adult cows during the fall surveys of 
lq83-l08S. Over-winter calf survival appears to he high (Table 13). However, 
seasonal moose movements along the Canning River drainage complicate a 
detailed assessment of calf survival rates. 
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Table 13. Composition of moose 
River, 1g73-1q85. 

Date Bulls Cows 

26 May 1g73a 7 21 
f) October 1q73a 15 23 
16 October 1q73a 20 37 
17 October 1q73a 14 21 
1 March 1q74a 
21September 1q76b 14 24 
ll April 1g77b 
25 April 1gsoc 
30 October 1g83c 44 73 
20 April 1q34c 
2 November lq84C 47 77 
26 April 1q85c 
21 October 1q85c 51 qo 

aLenarz et al. 1q74 

observed 

bulls 

14 
2 

7 

10 

lq 

bArctic National Wildlife Refuge Files 
CMuehlenhardt and Garner 1q86 

during 

Calves 

3 
7 

12 
7 
4 
4 

13 
14 
25 
17 
24 
23 
32 

surveys along 

Yearling 
adults 

38 

3S 
133 

132 

1)6 

the Canning 

Unclassified 
Totals 

45 
47 
()q 

42 
42 
42 
48 

147 
14q 
l4q 
1 s8 
l5q 
lq;:> 

These data indicate small overwintering populations along these drainages. 
The Okpirourak River supported a group of 7 moose in April Jq84. It is not 
known whether these masse occupy this area year-round or had migrated from 
another drainage. 

Kongakut River Population 

The Kongakut River flows north from the continental divide to the Arctic Ocean 
in the northeast portion of ANWR. Moose normally occur in the upoe~ reaches 
of the river south of Whale Mountain (Fig. 36). This pooula tion is more 
variable than the Canning River population (Table 12) and is subject to 
periodic emigrations and immigrations of moose from the Sheenjek River 
drainage and the Firth River/Mancha Creek drainages (Roseneau and Stern 
lg74b). Surveys were conducted in the Kongakut River during 1q72 and 1q73 by 
Renewable Resources Consulting Service (Jakimchuk lq74a, 1q71~b). Additional 
surveys were conducted by ANWR staff during 1q77, 1q78, 1q8o, and lq8~-lq8s. 

Populations varied from a low of 8 moose in 1q73 to a high of ?~q moose i'l 
lg84 (Tahle 12). Standard survey routes were flown during lq8o and lq8)-lq8c:; 
(Fig. 36). The results of these surveys were not as variable as earlier 
surveys, but still indicate a mobile population (Tahle 12). 

Composition data for 1g73 indicated 8q bulls/100 cows and 128 hulls/100 cov12 

in lq83 (Table 14). The reasons for these high ratios are unknown, however, 
the low hunting pressure and the extensive dispersion of cows into surrounding 
drainages may contribute to these high ratios. Calf production was high in 
the Kongakut drainage with an average of 45 calves/100 cows during lq8)-l08~. 
Over-winter calf survival also appears high, hut the population is too 
Variable to determine accurate estimates. 
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Table 14. Composition of moose observed during surveys along the Kongakut 
River, 1973-1985. 

Date Bulls Cows 

ll October 1973a 25 28 
13 April 1977b -- --
26-27 April l980C -- --
27, 29 Oct. l983C 59 62 
18-19 April l984C -- --
30 October l984C 83 102 
27-28 April l985C -- --
23-24 October l985C 64 87 

aLenarz et al. 1974 
bArctic National Wildlife Refuge Files 
CMuehlenhardt and Garner 1986 

Other Drainages 

Yec rling 
bulls 

--
--
--
16 
--
16 
--
12 

Unclassified 
Calves adults Totals 

15 -- 68 
9 45 54 

25 98 123 
21 -- 1"38 
19 ll5 134 
38 -- 239 
23 182 20') 
31 -- 194 

Moose populations in other drainages north of the Brooks Range within ANWR 
were surveyed during 1972, 1973, 1977, and 1984. In March and April 1972, 
Roseneau and Stern Cl974b) recorded 2 moose along the Hulahula River, l 
along the Jago River, l along the Aichilik River, and 2 along the Egaksrak 
River. Lenarz et al. (1974) recorded 2 moose along the Sadlerochit River, 6 
along the Aichilik River, and 3 along the Egaksrak River in April 1973. An 
extensive survey of moose in April 1977 by refuge staff detected 10 moose 
along the Aichilik River, 7 along the Egaksrak River, and l along the 
Ekaluakat River. During April 1984, a survey was conducted of all major 
drainages from the Kavik River on the west to the Kongakut River on the 
east. A total of 12 moose were counted along the Aichilik River and 12 
along the Egaksrak River. 

Mortality 

Natural mortality factors affecting these moose populations are poorly 
documented. Brown bears ( Ursus arctos) have been observed killing moose 
along the Canning River (Quimby and Snarski 1974). Wolves (Canis lupus) are 
known predators of moose and can affect moose populations when adverse snow 
conditions occur (Franz man l 978). Wolves have been observed feeding on 
moose carcasses in the area (ANWR files); however, it is unknown if the 
moose were killed or scavenged. The extent and effects of predations on 
these moose populations is unknown. The role of other natural mortality 
factors (disease, parasites, etc.) in the dynamics of moose populations in 
north slope river drainages is also unknown, but moose disease (Anderson 
1964, 1972) does not occur in this area and the majority of diseases and 
parasites afflicting moose do not normally cause excessive mortalitY 
(Anderson and Lankester 1974, as cited by Franzman 1978). 

Mortality, due to hunting is minimal along the Canning River, with 2 to 6 
moose taken per year. Natives from Kaktovik occasionally use moose for 
subsistence purposes, although it is not a preferred food (see Subsistence 
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Section, Chapter 7). The 80 km distance between the village and 
Cache/Eagle Creek may also contribute to the low subsistence use (Lenarz et 
al. 197 4). Sport harvest along the Kongakut is more common than on the 
Canning; however, the numbers taken each year are variable and dependent 
upon local moose population fluctuations (ANWR file data). 

Habitat 

Willow Communities 

Willows (Salix spp.) comprise a major portion of the forage consumed by 
moose in Alaska (Milke 1969; Peek 1974, as cited hy Franzman 1978). Use of 
individual willow species is evidently selective, with S. alexensis and S. 
planifolia being preferred species in interior Alaska (Milke 1969, Machida 
1979). S. alexensis was also preferred by moose along the Colville River, 
with mountain alder (Alnus crispa) being an important winter food item 
(Mould 1977). In arctic regions, moose are restricted to the riparian 
communities along the major rivers during winter (LeResche et al. 1974, as 
cited by Lenarz et al. 1974), however, they do disperse into tundra areas 
during the summer months (Kistchinski 1974, as cited by Mould 1977). The 
long distances between the major rivers in this region may limit emigration 
or immigration (Lenarz et al. 1974), although the Kongakut River population 
seems to be subject to occasional shifts in range use patterns by moose 
(Roseneau and Stern l974b). 

In 1973, willow stands along the Canning River drainage were mapped and 
examined qualitatively for evidence of browsing (Lenarz et al. 1974). 
Practically all willow stands showed evidence of moderate browsing, with 
heavy browsing occurring in the willow stands along Cache/Eagle Creeks and 
along the south fork of the Canning River. Again, ~ alexensis was 
considered the major browse species in these willow stands. Balsam popular 
(Popular balsamifera) occurs in relatively discrete stands at several 
locations along the Canning River; however, little browsing was noted on 
this species, except in the large stand along Cache Creek. The Cache 
Creek/Eagle Creek area is a major concentration area for moose and heavy 
utilization of willows and balsam popular was evident throughout the 2 

drainages. 

Riparian willow densities on the north side of the Brooks Range were 
estimated and mapped by refuge personnel in April 1977 to assess these 
areas as critical moose range (Hutson 1977). All rivers and streams 
between the Canadian border and the Canning River were surveyed and numbers 
of moose observed were recorded. Willows were most abundant along the 
Canning, Hulahula, Aichilik, and Kongakut Rivers, with the highest 
proportion of dense willow stands occurring along the Kongakut and ranning 
Rivers. Most of the moose occurred in the willow stands along the Kongakut 
and Canning Rivers (54 and 48 of 120 moose, respectively). Ten moose were 
observed along the Aichilik River and 8 were observed along the Egaksrak 
and Ekaluakat Rivers. Ground truth data for willow densities were not 
available for this study, therefore no conclusions were made about willoH 
density as the single criterion for evaluating habitat quality for moose. 

Species composition data for the riparian HilloH communities are limited; 
hoHever, species occurring along Cache Creek and the Marsh For¥ of the 
Canning River Here recorded by Hettinger and Janz (1974). Principal HilloH 
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Table 14. Composition of moose observed during surveys along the Kongakut 
River, 1973-1985. 

Date Bulls Cows 

ll October 1973a 25 28 
13 April 1977b -- --
26-27 April l980c -- --
27, 29 Oct. l983C S9 62 
18-19 April l984C -- --
30 October l984c 83 102 
27-28 April l985C -- --
23-24 October l98t:;C 64 87 

aLenarz et al. 1974 
bArctic National Wildlife Refuge Files 
CMuehlenhardt and Garner 1986 

Other Drainages 

Yez.rling 
bulls 

--
--
--
16 
--
16 
--
12 

Unclassified 
Calves adults Totals 

15 -- 68 
9 45 54 

2t:; 98 123 
21 -- lt:;8 
19 llS 134 
38 -- 239 
23 182 20S 
31 -- 194 

Moose populations in other drainages north of the Brooks Range within ANWR 
were surveyed during 1972, 1973, 1977, and 1984. In March and April 1972, 
Roseneau and Stern (197 4b) recorded 2 moose along the Hula hula River, l 
along the Jago River, l along the Aichilik River, and 2 along the Egaksrak 
River. Lenarz et al. (1974) recorded 2 moose along the Sadlerochit River, 6 
along the Aichilik River, and 3 along the Egaksrak River in April 1973. An 
extensive survey of moose in April 1977 by refuge staff detected 10 moose 
along the Aichilik River, 7 along the Egaksrak River, and l along the 
Ekaluakat River. During Ap.ril 1984, a survey was conducted of all major 
drainages from the Kavik River on the west to the Kongakut River on the 
east. A total of 12 moose were counted along the Aichilik River and 12 
along the Egaksrak River. 

Mortality 

Natural mortality factors affecting these moose populations are poorly 
documented. Brown bears ( Ursus arctos) have been observed killing moose 
along the Canning River (Quimby and Snarski 1974). Wolves (Canis lupus) are 
known predators of moose and can affect moose populations when adverse snow 
conditions occur (Franzman 1978). Wolves have been observed feeding on 
moose carcasses in the area (ANWR files); however, it is unknown if the 
moose were killed or scavenged. The extent and effects of predations on 
these moose populations is unknown. The role of other natural mortality 
factors (disease, parasites, etc.) in the dynamics of moose populations in 
north slope river drainages is also unknown, but moose disease (Anderson 
1964, 1972) does not occur in this area and the majority of diseases and 
parasites afflicting moose do not normally cause excessive mortalitY 
(Anderson and Lankester 1974, as cited by Franzman 1978). 

Mortality, due to hunting is minimal along the Canning River, with 2 to 6 
moose taken per year. Natives from Kaktovik occasionally use moose for 
subsistence purposes, although it is not a preferred food (see Subsistence 
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Section, Chapter 7). The 80 km distance between the village and 
Cache/Eagle Creek may also contribute to the low subsistence use (Lenarz et 
al. 1974). Sport harvest along the Kongakut is more common than on the 
Canning; however, the numbers taken each year are variable and dependent 
upon local moose population fluctuations (ANWR file data). 

Habitat 

Willow Communities 

Willows (Salix spp.) comprise a major portion of the forage consumed by 
moose in Alaska (Milke 1969; Peek 1974, as cited hy Franzman 1978). Use of 
individual willow species is evidently selective, with ~ alexensis and ~ 
planifolia being preferred species in interior Alaska (Milke 1969, Machida 
1979). S. alexensis was also preferred by moose along the Colville River, 
with mountain alder (Alnus crispa) being an important winter food i tern 
(Mould 1977). In arctic regions, moose are restricted to the riparian 
communities along the major rivers during winter (LeResche et al. 1974, as 
cited by Lenarz et al. 1974), however, they do disperse into tundra areas 
during the summer months (Kistchinski 1974, as cited by Mould 1977). The 
long distances between the major rivers in this region may limit emigration 
or immigration (Lenarz et al. 1974), although the Kongakut River population 
seems to be subject to occasional shifts in range use patterns by moose 
(Roseneau and Stern l974b). 

In 1973, willow stands along the Canning River drainage were mapped and 
examined qualitatively for evidence of browsing (Lenarz et al. 1974). 
Practically all willow stands showed evidence of moderate browsing, with 
heavy browsing occurring in the willow stands along Cache/Eagle Creeks and 
along the south fork of the Canning River. Again, ~ alexensis was 
considered the major browse species in these willow stands. Balsam popular 
(Popular balsamifera) occurs in relatively discrete stands at several 
locations along the Canning River; however, little browsing was noted on 
this species, except in the large stand along Cache Creek. The Cache 
Creek/Eagle Creek area is a major concentration area for moose and heavy 
utilization of willows and balsam popular was evident throughout the 2 
drainages. 

Riparian willow densities on the north side of the Brooks Range were 
estimated and mapped by refuge personnel in April 1977 to assess these 
areas as critical moose range (Hutson 1977). All rivers and streams 
between the Canadian border and the Canning River were surveyed and numbers 
of moose observed were recorded. Willows were most ahundant along the 
Canning, Hulahula, Aichilik, and Kongakut Rivers, with the highest 
proportion of dense willow stands occurring along the Kongakut and Canning 
Rivers. Most of the moose occurred in the willow stands along the Kongakut 
and Canning Rivers (S4 and 48 of 120 moose, respectively). Ten moose were 
Observed along the Aichilik River and 8 were observed along the Egaksrak 
and Ekaluakat Rivers. Ground truth data for willow densities were not 
available for tnis study, therefore no conclusions were made about willo~>J 

density as the single criterion for evaluating habitat quality for moose. 

Species composition data for the riparian willow communi ties are limited; 
however, species occurring along Cache Creek and the Marsh Fork of the 
Canning River were recorded by Hettinger and Janz (1974). Principal willow 
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along the Sadlerochit River 
phlehophylla, .§...:_ arctica, S. 
Robus l98l). 

Seasonal Habitat Use Patterns 

.§...:_ planifolia 
included the 

glarca, and S. 
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(Jingfors 198~ 

pulchra. 
above 2 

hrachycarpa 

Moose that occur in the northern Brooks Range, foothills, and coastal plain 
use the various habitat tyoes in distinct seasonal patterns, dependent upon 
the particular environmental variables affecting each moose oopulation. 

Canning River Moose. The large Hillow and balsam poolar stands near the 
mouths of Cache and Eagle Creeks are major concentration areas for the 
Canning River moose population in late May of each year (Valkenburg et al. 
1972, Lenarz et al. 1974). Moose move north into this area in mid-May, and 
are aggregated into small Hidely dispersed groups along the lengths of 
Cache and Eagle Creeks. Calving occurs in late May and early June. 
FolloHing calving, moose gradually disperse north along the Canning River 
and east along Cache and Eagle Creeks. Very feH moose are present in the 
HilloH flats along the Canning River during late June and July (Valkenburg 
et al. 1972). Summer dispersal Has believed to be limited to the drainages 
in the mountains (Lenarz et al. 197 4), although a few moose Here observed 
on the coastal plain as far north as the Arctic Ocean in 1972 (Roseneau and 
Stern l974a, l974b). However, recent observations of moose (cows with 
calves, single bulls, etc.) along the Sadlerochit River, Katakturuk River, 
and the Hulahula River (Martin and Garner 1985) on the coastal plain 
indicate that dispersal may be more Hidespread, with unknoHn numbers of 
moose moving onto the coastal plain for the summer. 

Summer dispersal is relatively short-lived, and moose again begin to 
aggregate in the Hillow/poplar stands at the Cache/Eagle Creek confluence 
Hith the Canning River in late August (Lenarz et al. 1974). This 
aggregation is associated with the rut and tends to peak in October, when a 
majority of the Canning River population is located in the Cache/Eagle 
Creek area (see October 1973, Table 12). In years of relatively light 
snoHfall, a majority of the Canning River moose winter in the Cache/Eagle 
Creek area (Lenarz et al. 1974). In normal or deep snoHfall years, moose 
move south along the Canning River and winter in the valleys of the Marsh 
Fork, Main Fork, South Fork, and East Fork of the Canning River. HoHever, 
the Cache/Eagle Creek area is always used as a Hintering area by at least a 
portion of the Canning River moose population (Lenarz et al. 1974), 
regardless of the snow conditions. A similar pattern of wintering along 
streams in mountainous terrain and moving north during the summer was noted 
for moose in the northern Yukon Territory (Ruttan 1974). One 
characterist.ic of moose Hintering north of the Brooks Range is a high 
degree of local movements from l willow stand to the next ( Roseneau and 
Stern l974b). Moose were often sighted jn l Hillow stand along a drainage, 
and a feH days later this stand may be devoid of moose. Reasons for these 
movements Has undetermined, although they would tend to distribute browsing 
pressure across the available Hillow stands. 

In April and early May, moose again move north along the Canning River and 
aggregate in the Cache/Eagle Creek area. Such seasonal movements can be 
considered a migration (EdHards and Ritchey 1956), although seasonal shifts 
in range use appears to be a more appropriate term for these movements. 
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Kongakut River Moose. Seasonal distribution of moose using the upper 
Kongakut River has not been Hell documented by repeated surveys at various 
times of the year, although limited survey data do provide some evidence. 
This population is apparently subject to the influence of mass emigration 
and immigration of moose to and from adjacent drainages. 

Roseneau and Stern (l974h) documented an emigration in April 1972 of almost 
the entire moose population in the upper Kongakut River into the headwaters 
of the Firth River. These animals had moved approximctely 25 km south over 
a pass n.nd were located in the first 2 willoH stands along the Firth 
River. This movement was in single file as evidenced by a narrow trail in 
the snow between the 2 locations. Other long distance movements (65-80 km) 
of moose have been detected by following tracks in snoH (A. Thayer 1981, 
pers. comm.). 

The Kongakut population in 1972 and 1973 ranged from a loH of 8 moose 
during September-October 1972 to a high of 68 moose during October 1973 
(Table 12). The low numbers were attributed to the aforementioned 
emigration into the Firth River, while the increase to 68 moose Has 
attributed partially to moose moving north from the Sheenjek River across 
the continental divide into the Kongakut River drainage (Lenarz et al. 
1974). The high numbers of moose observed along the upper Kongakut River 
in November 1984 (Table 12) may have been the result of a similar influx of 
wintering moose from the upper Sheenjek River, but no evidence exists to 
support this contention. 

Use of the Coastal Plain by Moose. Moose occur on the ANWR study area 
during the summer months; however the extent of this use and its importance 
to overall moose populations inhabiting the adjacent river drainages in the 
Brooks Range is not knoHn. Moose have been considered occasional or 
accidental occupants of the coastal plain (Ruttan l974b, Roseneau and Stern 
l974b, Doll et al. l974b, Lenarz et al. 1974, Coady 1979), but recent data 
suggest that this use may be more extensive than previously suspected 
(Magoun and Robus 1977, Mart~n and Garner 1985). Moose are most often 
observed along the river drainages and Hetland complexes on the coastal 
plain (Magoun and Robus 1977, Spj ndler 1979). Carrying capaci tv of the 
coastal plain for moose cannot be determined from the available data. 

Marine Mammals 

Marine mammals found in or adjacent to the ANWR study area are polar bears, 
ringed seals, bearded seals, boHhead and beluga whales, and occasionally 
spotted seals, walrus, and gray Hhales. The presence and location of 
marine mammals are related to the condition and location of the pack ice. 
The ice is used for resting, bearing young, molting, and as a feeding 
platform (Fay 1974). Ringed seals, bearded seals, and polar bears are year 
round residents in the Beaufort Sea (Lowry et al. 1979, Amstrup et al. 
1986). Ringed seals are associated with the landfast ice (that Hhich is 
attached to the shore, also called shorefast) as well as moving ice, Hhile 
bearded seals are found only in the moving pack ice. BetHeen the landfast 
ice and the moving pack, a flaw or lead zone occurs Hhich contains some 
open water (Stirling and Cleator 1981). Lead zones are important habitat 
for non-breeding ringed seals and bearded seals, as well as polar bears 
Which prey upon them. 
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Moose that occur in the northern Brooks Range, foothills, and coastal plain 
use the various habitat types in distinct seasonal patterns, dependent upon 
the particular environmental variables affecting each moose oopulation. 

Canning River Moose. The large \.Jillow and balsam poolar stands near the 
mouths of Cache and Eagle Creeks are major concentration areas for the 
Canning River moose population in late May of each year (Valkenhurg et al. 
1972, Lenarz et al. 1974). Moose move north into this area in mid-May, and 
are aggregated into small widely dispersed groups along the lengths of 
Cache and Eagle Creeks. Calving occurs in late May and early June. 
Following calving, moose gradually disperse north along the Canning River 
and east along Cache and Eagle Creevs. Very few moose are present in the 
willow flats along the Canning River during late June and July (Valvenburg 
et al. 1972). Summer dispersal was believed to be limited to the drainages 
in the mountains (Lenarz et al. 1974), although a few moose were observed 
on the coastal plain as far north as the Arctic Ocean in 1972 (Roseneau and 
Stern l974a, l974h). However, recent observations of moose (cows with 
calves, single bulls, etc.) along the Sadlerochit River, Katakturuk River, 
and the Hulahula River (Martin and Garner 1985) on the coastal plain 
indicate that dispersal may be more widespread, with unl<"nown numbers of 
moose moving onto the coastal plain for the summer. 

Summer dispersal is relatively short-lived, and moose again begin to 
aggregate in the willm.,r/poplar stands at the Cache/Eagle Creek confluence 
with the Canning River in late August (Lenarz et al. 1974). This 
aggregation is associated with the rut and tends to peak in October, when a 
majority of the Canning River population is located in the Cache/Fagle 
Creek area (see October 1973, Table 12). In years of relatively light 
snowfall, a majority of the Canning River moose winter in the Cache/Eagle 
Creek area (Lenarz et al. l97L(). In normal or deep snowfall years, moose 
move south along the Canning River and winter in the valleys of the Marsh 
Fork, Main Fork, South Fork, and East Fork of the Canning River. However, 
the Cache/Eagle Creek area is always used as a wintering area by at least a 
portion of the Canning River moose population (Lenarz et al. 1974), 
regardless of the snow conditions. A similar pattern of wintering along 
streams in mountainous terrain and moving north during the summer was noted 
for moose in the northern Yukon Territory (Ruttan 1974). One 
characteristic of moose wintering north of the Brooks Range is a high 
degree of local movements from l willow stand to the next (Roseneau and 
Stern l974b). Moose were often sighted in l willow stand along a drainage, 
and a few days later this stand may be devoid of moose. Reasons for these 
movements was undetermined, although they would tend to distribute browsing 
pressure across the available willow stands. 

In April and early May, moose again move north along the Canning River and 
aggregate in the Cache/Eagle Creek area. Such seasonal movements can be 
considered a migration (Edwards and Ritchey 1956), although seasonal shifts 
in range use appears to be a more appropriate term for these movements. 
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Kongakut River Moose. Seasonal distribution of moose using the upper 
Kongakut River has not been well documented by repeated surveys at various 
times of the year, although limited survey data do provide some evidence. 
This population is apparently subject to the influence of mass emigration 
and immigration of moose to and from adjacent drainages. 

Roseneau and Stern (l974h) documented an emigration in April 197? of almost 
the entire moose population in the upper Kongakut River into the headwaters 
of the Firth River. These animals had moved approxim~tely 25 km south over 
a pass and were located in the first 2 willow stands along the Firth 
River. This movement was in single file as evidenced hy a narrow trail in 
the snow between the 2 locations. Other long distance movements (65-80 km) 
of moose have been detected by following tracks in snow (A. Thayer l9Al, 
pers. comm.). 

The Kongakut population in 1972 and 1973 ranged from a low of 8 moose 
during September-October 1972 to a high of 68 moose during October 1973 
(Table 12). The low numbers were attributed to the aforementioned 
emigration into the Firth River, while the increase to 68 moose was 
attributed partially to moose moving north from the Sheenjek River across 
the continental divide into the Kongakut River drainage (Lenarz et al. 
1974). The high numbers of moose observed along the upper Kongakut River 
in November 1984 (Table 12) may have been the result of a similar influx of 
wintering moose from the upper Sheenjek River, but no evidence exists to 
support this contention. 

Use of the Coastal Plain by Moose. Moose occur on the ANWR study area 
during the summer months; however the extent of this use and its importance 
to overall moose populations inhabiting the adjacent river drainages in the 
Brooks Range is not known. Moose have been considered occasional or 
accidental occupants of the coastal plain (Ruttan l974b, Roseneau and Stern 
l974b, Doll et al. l974b, Lenarz et al. 1974, Coady 1979), but recent data 
suggest that this use may be more extensive than previously suspected 
(Magoun and Robus 1977, Mart~n and Garner 1985). Moose are most often 
observed along the river drainages and wetland complexes on the coastal 
plain (Magoun and Robus 1977, Spindler 1979). Carrying capacity of the 
coastal plain for moose cannot be determined from the available data. 

Marine Mammals 

Marine mammals found in or adjacent to the ANWR study area are polar bears, 
ringed seals, bearded seals, bowhead and beluga whales, and occasionally 
spotted seals, walrus, and gray whales. The presence and location of 
marine mammals are related to the condition and location of the pack ice. 
The ice is used for resting, bearing young, molting, and as a feeding 
platform (Fay 1974). Ringed seals, bearded seals, and polar bears are year 
round residents in the Beaufort Sea (Lowry et al. 1979, Amstrup et al. 
1986). Ringed seals are associated with the land fast ice (that which is 
attached to the shore, also called shorefast) as well as moving ice, while 
bearded seals are found only in the moving pack ice. Between the landfast 
ice and the moving pack, a flaw or lead zone occurs which contains some 
open water (Stirling and Cleator 1981). Lead zones are important habitat 
for non-breeding ringed seals and bearded seals, as well as polar bears 
Which prey upon them. 
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Ill'"" 

When the pack ice begins to break up in the Bering Sea in late March, 
bowheads and belugas begin their northward migrations. In summer when the 
ice has retreated from the shore, animals may become pelagic, move inshore, 
or concentrate along the edge of the ice (Burns et nl. lq8o). Bowheads and 
belugas migrate south and west out of the Beaufort Sea before new ice 
begins to form along the shore in September or October. 

Polar Bear (Ursus maritimus) 

Distribution Range and Population Size 

Polar bear distribution is circumpolar in the northern hemisphere. Polar 
bears range from 880 north on the polar ice pack and have been seen as 
far south as St. Matthew and occasionally to the Pribilof Islands (DeMaster 
and Stirling 1q81). Most polar bears remain associated with the ice year 
round. However, there is considerable seasonal and annual variation in 
their exact distribution. In general, they are most abundant in the 
drifting pack ice zone where ringed seals, their primary food source, occur 
(Lentfer 1q71). They are usually most common along the Beaufort Sea coast 

in late fall and early winter. 

At least 6 distinct polar bear populations are believed to exist and are 
centered in the following areas: Wrangel Island and Western Alaska, 
Northern Alaska, the Canadian Arctic Archioelago, Greenland, Svalbard-Franz 
Josef Land, and Central Siberia (DeMaster and Stirling 1q81). Using tag 
recoveries, differences in body and skull sizes, and levels of mercury in 
the tissues, Lentfer (lq74h) advanced a theory that 2 discrete populations 
of polar bears occur along the Alaska coast divided by a line running 
northwest from Point Lay. Additional cranial measurements taken by Wilson 
(lq76) also support this hypothesis. Larsen et al. (lq83) have shown that 
electrophoretic activities of certain blood proteins in polar bear blood do 
not differ according to geographic location and cannot identify different 

found within the ANWR study area belong to the northern populations. Bears 
Alaska population. There appears to be 
Alaskan populations (Amstrup et al. lq86). 

limited movement between the 2 

Estimates of the world population of polar bears vary from 10,000 to 20,000 
animals (DeMaster and Stirling 1q81). Brooks (lq78) estimated a total of 
2500 to 3000 polar bears in the northern Alaska pooulation. Amstrup et al. 
(lq86) estimated the population of polar bears in the Beaufort Sea at 1,800 
(~ 600 SD), and concluded densities were similar in western Alaska. 

Life History 

In Alaska, pairing of males and females has been observed between 21 March 
and 10 May and estrus in females was evident throughout this period 
(Lentfer et al. lq80). Mating probably continues beyond 10 May, but 
limited field work after J 0 May yielded few observations. Lono (1970) 
reoorted that breeding continues until about mid-July on Spitzbergen· 
Imolantation is thought to be delayed until about September (Stirling et 
al. l075a) and gestation takes from 1q5 to 265 days (DeMaster and Stirling 
1081). The average age of first breeding for females is 5.4 years, bUt 

reproductively active females between the ages of 3 and 21 have been 
harvested or captured. Males are capable of breeding from a minimum age of 
3 vears to a maximum of at least 1q years (Lentfer et al. lq8o). 
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Female polar bears enter dens in October and November (Lentfer lq76h, 
Amstrup unpublished data). The timing is thought to be dependent upon ice 
movement, snow conditions, availability of food, and the arrival of the ice 
pack to land in the fall (Lentfer and Hensel lq8o). Dens are dug in 
snowdrifts on land or on the ice. One or 2 helpless cubs, about 25.4 em 
long (Harington la68) and weighing 0.6 kg (DeMaster and Stirling 1q81) are 
born in December or January. Litter size in maternity dens is not known 
for Alaskan bears but the mean litter size for cubs captured in family 
groups was 1.58 (Lentfer et al. lq8o). By the time cubs leave the den they 
weigh about 10 to 15 kg (DeMaster and Stirling 1q81). 

Polar bears emerge from dens during March or April (Lentfer lq76h). 
Uspenski and Belikov (lq76) believe that the emergence date is determined 
by weather conditions outside the den, especially air temperature and 
abatement of strong winds. Belikov (lq76) reported that a female was 
observed entering a den on 14 October and emerging on 14 April, for a total 
denning period of 183 days. The sow and cubs remain near the den and take 
short trips for l - 2 weeks while the cubs gain strength and become 
acclimated to the air temperatures outside the den (Lono 1q70, Lentfer 
lq76b). They then return to the ice to feed on seals. In Alaska, cubs 
remain with their mother for up to 28 months (Lentfer 1976b). 

Food Habits 

Ringed and bearded seals comprise the main diet of polar bears. Therefore 
bears mu.st feed in areas where seals are either concentrated or 
accessible. Of 71 pinniped carcasses killed by polar bears and examined by 
Burns and Eley (1978), q2% were ringed seals, 7% were bearded seals, and 1% 
(1 animal) was a walrus (Odobenus rosmarus). Of the kills, 80% were on 
flaw zone ice or moving pack ice and 20% were on shore fast ice. Polar 
bears are not very successful in obtaining seals by excavating lairs 
(Stirling et al. 1Q75a). They usually capture seals by waiting at 
breathing holes. Polar bears can also capture seals in open water (Furnell 
and Oolooyuk l 980), but this event is not common, and ringed and bearded 
seals rarely haul out on land. Therefore, when there are large areas of 
open water and seals have more places to breathe than just breathing holes, 
polar bear hunting success is lower (Stirling et al. 1q75a). Bears feed 
predominately on the blubber and hide of the seal unless they are very 
hungry or are sharing the carcass with another bear. 

Small amounts of other foods are occasionally eaten, such as sea birds, 
which bears capture by diving under the water and coming up beneath them 
(Stirling et al. 1q75a), ptarmigan which they take from fox traps (Lono 
lg70), and small amounts of seaweed. Females eat plants dug from under the 
snow both while constructing their dens (Belikov 1q76) and when taking 
their cubs across the tundra to the sea ice ( Uspenski and Kistchinski 
lg72). However, foods other than seals are insignificant from an energy 
standpoint. Since females do not feed for about 5 months during denning, 
it is important that adequate food sources are available during both the 
Pre-denning and post-denning periods. 

~ 

Polar bears utilize a combination of sea ice and terrestrial habitats. 
Beaufort Sea is ice covered or nearly so for 10 or more months of 
Year. Existing open water begins to freeze in September or October and 
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Hhen the pack ice begins to break up in the Bering Sea in late March, 
bowheads and belugas begin their northward migrations. In summer when the 
ice has retreated from the shore, animals may become pelagic, move inshore, 
or concentrate along the edge of the ice (Burns et al. 1980). Bowheads and 
belugas migrate south and west out of the Beaufort Sea before new ice 
begins to form along the shore in September or October. 

Polar Bear (Ursus maritimus) 

Distribution Range and Population Size 

Polar bear distribution is circumpolar in the northern hemisphere. Polar 
bears range from 880 north on the polar ice pack and have been seen as 
far south as St. Matthew and occasionally to the Pribilof Islands (DeMaster 
and Stirling 1981). Most polar bears remain associated with the ice year 
round. However, there is considerable seasonal and annual variation in 
their exact distribution. In general, they are most abundant in the 
drifting pack ice zone where ringed seals, their primary food source, occur 
(Lentfer 1971). They are usually most common along the Beaufort Sea coast 

in late fall and early winter. 

At least 6 distinct polar bear populations are believed to exist and are 
centered in the following areas: Wrangel Island and Hestern Alaska, 
Northern Alaska, the Canadian Arctic Archipelago, Greenland, Svalbard-Franz 
Josef Land, and Central Siberia (DeMaster and Stirling 1981). Using tag 
recoveries, differences in body and skull sizes, and levels of mercury in 
the tissues, Lentfer (1974h) advanced a theory that 2 discrete populations 
of polar bears occur along the Alaska coast divided by a line running 
northwest from Point Lay. Additional cranial measurements taken by Wilson 
(1976) also support this hypothesis. Larsen et al. (1983) have shown that 
electrophoretic activities of certain blood proteins in polar bear blood do 
not differ according to geographic location and cannot identify different 
populations. Bears found within the ANWR study area belong to the northern 
Alaska population. There appears to be 1 imi ted movement between the 2 

Alaskan populations (Amstrup et al. 1986). 

Estimates of the world population of polar bears vary from 10,000 to 20,000 
animals (DeMaster and Stirling 1981). Brooks (1Q78) estimated a total of 
2500 to 3000 polar bears in the northern Alaska pooulation. Amstrup et al. 
(1986) estimated the population of polar bears in the Beaufort Sea at 1,800 
(~ 600 SD), and concluded densities were similar in western Alaska. 

Life History 

In Alaska, pairing of males and females has been observed between 21 March 
and 10 May and estrus in females was evident throughout this period 
(Lentfer et al. 1980). Mating probably continues beyond 10 May, but 
limited field work after 10 May yielded few observations. Lono (1970) 
reported that breeding continues until about mid-July on Spitzbergen· 
Implantation is thought to be delayed until about September (Stirling et 
al. lQ75a) and gestation takes from 195 to 265 days (DeMaster and Stirling 
1981). The average age of first breeding for females is 5.4 years, but 
reproductively active females between the ages of 3 and 21 have been 
harvested or captured. Males are capable of breeding from a minimum age of 
3 years to a maximum of at least 19 years (Lentfer et al. 1980). 
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Female polar bears enter dens in October and November (Lentfer l976h, 
Amstrup unpublished data). The timing is thought to be dependent upon ice 
movement, snow conditions, availability of food, and the arrival of the ice 
pack to land in the fall (Lent fer and Hensel l 980). Dens are dug in 
snowdrifts on land or on the ice. One or 2 helpless cubs, about 25.4 em 
long (Harington 1968) and weighing 0.6 kg (DeMaster and Stirling 1981) are 
born in December or January. Litter size in maternity dens is not known 
for Alaskan bears but the mean litter size for cubs captured in family 
groups was 1.58 (Lentfer et al. 1980). By the time cubs leave the den they 
weigh about 10 to 15 kg (DeMaster and Stirling 1981). 

Polar bears emerge from dens during March or April (Lentfer l976b). 
Uspenski and Belikov (1976) believe that the emergence date is determined 
by weather conditions outside the den, especially air temperature and 
abatement of strong winds. Belikov (1976) reported that a female was 
observed entering a den on 14 October and emerging on 14 April, for a total 
denning period of 183 days. The sow and cubs remain near the den and take 
short trips for 1 - 2 weeks while the cubs gain strength and become 
acclimated to the air temperatures outside the den (Lono 1970, Lentfer 
1976h). They then return to the ice to feed on seals. In Alaska, cubs 
remain with their mother for up to 28 months (Lentfer 1976b). 

Food Habits 

Ringed and bearded seals comprise the main diet of polar bears. Therefore 
bears must feed in areas where seals are either concentrated or 
accessible. Of 71 pinniped carcasses killed by polar bears and examined by 
Burns and Eley (1978), 92% were ringed seals, 7% were bearded seals, and 1% 
(l animal) was a walrus (Odobenus rosmarus). Of the kills, 80% were on 
flaw zone ice or moving pack ice and 20% were on shore fast ice. Polar 
bears are not very successful in obtaining seals by excavating lairs 
(Stirling et al. 1975a). They usually capture seals by waiting at 
breathing holes. Polar bears can also capture seals in open water (Furnell 
and Oolooyuk 1980), but this event is not common, and ringed and bearded 
seals rarely haul out on land. Therefore, when there are large areas of 
open water and seals have more places to breathe than just breathing holes, 
polar bear hunting success is lower (Stirling et al. l975a). Bears feed 
predominately on the blubber and hide of the seal unless they are very 
hungry or are sharing the carcass with another bear. 

Small amounts of other foods are occasionally eaten, such as sea birds, 
which bears capture by diving under the water and coming up beneath them 
(Stirling et al. 1975a), ptarmigan which they take from fox traps (Lono 
1970), and small amounts of seaweed. Females eat plants dug from under the 
snow both while constructing their dens (Belikov 1976) and when taking 
their cubs across the tundra to the sea ice ( Uspenski and Kistchinski 
1Q72). However, foods other than seals are insignificant from an energy 
standpoint. Since females do not feed for about 5 months during denning, 
it is important that adeauate food sources are available during both the 
Pre-denning and post-denning periods. 

~ 

Polar bears utilize a combination of sea ice and terrestrial habitats. The 
Beaufort Sea is ice covered or nearly so for 10 or more months of the 
Year, Existing open water begins to freeze in September or October and the 

290 



,.. 

nearshore ice does not melt until late May or early June. With the 
exception of some denning females, polar bears inhabit the ice throughout 
the winter. The 2 main types of sea ice present in winter are landfast 
ice, which is anchored to the shore, and drift or "pack" ice which is kept 
in constant motion by winds and currents. Pack ice is comprised of all 
stages of ice formation including "multi-year" ice Hhich has hPen through 
at least one summer melt season. The distribution of polar bears over the 
sea ice is influenced by the abundance and accessibility of their major 
prey species: ringed and bearded seals. In winter, seals may be 
concentrated in areas of drifting seasonal pack ice where open patches of 
water form and then refreeze into areas of thin ice in which the seals can 
maintain breathing holes when open water is not available (Lentfer 1971, 

Stirling et al. l975a). 

The shore fast ice is used as a substrate across which to travel, an area 
for feeding by females and cubs, and as a denning area. Parturient females 
travel across this landfast ice in September or October to denning sites on 
land. Other members of the population use the landfast ice to reach areas 
on land or on harrier islands to which they are attracted by card on of 
whales, seals, or walrus. Within the ANWR study area, polar bears are 
drawn to the carcasses of bowhead whales killed during the fall by Inupiat 
people in the village of Kaktovik on Barter Island. Results of an USFWS 
research program which captured and tagged polar hears near the AN\,TR study 
area indicated that the autumn population near Barter Island is comprised 
largely of adult females, family groups, and subadults. Adult males 1-1ere 

uncommon (Amstrup et al. lQ86). 

Female polar bears again traverse the shorefast ice in March or April when 
they lead their cubs from dens on land to the drifting pack ice. In 
transit, they hunt ringed seals and their pups which are found in subnivean 

lairs on the shorefast ice. 

\vhen the nearshore ice breaks up in spring, 
become most abundant at the southern edge of 
which varies seasonally, but which usually 
north latitude in Alaska. Sea ice provides 

polar hears move with it and 
the pack ice, the position of 
occurs between 710 and 72° 
polar bears Hi th a hunting 
feeding areas, and denning platform, shelter from weather, an avenue to 

sites. 

Tagging studies in both Alaska and Canada have shoHn that in successive 
winters bears often return to the same general area where they were 
captured (Stirling 1974). They seem to have tbe ability to navigate to 
specific areas during spring break-up even though winds, currents, and 
tides move the drifting pack ice elsewhere (Harington 1968, Lentfer 1972). 
In Alaska, terrestri8l habitats are used only by denning females or by 
~ears that have been attracted to carrion on land. 

Denning Distribution and Habitat. Lent fer ( l 972, l976b) and Lent fer and 
Hensel (1980) have summarized the results of studies of polar bear denning 
in Alaska. Only pregnant females go into winter dens for extended 
periods. They apparently do not concentrate for denning along the coast of 
Alaska as they do in "core" denning areas in other parts of their range. 
The Alaskan coastal zone is fairly flat, and snoH of a sui table depth for 
denning occurs only along drainages, cut banks, and rough ice. Some 
fCl.ctors which are thought to influence the choice of den location are 
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distance inland from the coast, snow depth, snow density, and other 
topographic features which help to provide the best drifts, the least 
windchill, and the best insolation (Harington 1968). Dens have been found 
on land, offshore islands, shorefast ice, and drifting ice. 

Of historic maternity dens found in Alaska, 7 were found on land within the 
ANIVR study area and 3 confirmed dens and 2 possible dens were found just 
north of the study area on the shorefast ice (Fig. 37, Table 15). A polar 
bear near what appeared to be a den was observed on the coastline midway 
between Pokok Bay and Pokok Lagoon by USFWS personnel conducting mark and 
recapture studies of polar bears in October 1981. On 14 November 1981, a 
radio-collared female was tracked to a den about l2.Q km south of 
Demarcation Bay. Thirteen of the previously mentioned 35 dens were found 
on the National Petroleum Reserve-Alaska, to the west of the study area. 

On 13 April 1980, Wilson Soplu of Kaktovik observed a sow and small cub 
near Itkilyariak Creek Hhere it flows out of the north side of the 
Sadlerochit Mountains, 32 km straight-line distance from the coast. He 
said that the cub tired easily and had to stop often to rest (Jacobson 
1980). On the ice north of the study area, Lentfer and Hensel (1980) 
documented ~ sightings of cubs recently out of dem;. Ave Thayer ( pers. 
comm.), observed many tracks of adult bears with cubs near Demarcation Bay 
in the wilderness area of ANWR. In this area the mountains are relatively 
close to the coast, similar to the area north of the Sadlerochit 
Mountains. These areas have greater relief, which allows more snow 
accumulation than other locations within the ANWR study area. During polar 
bear den surveys in the spring of 1981, cTohnson (1981) noted areas of 
potential denning habitat. In the study area, the following drainages had 
good to excellent potential denning habitat: Katakturuk, Angun, Okerokovik, 
and Jago Rivers, and Carter and Marsh Creeks. 

Harrington (1968), L¢n¢ (1970), Uspenski and Kistchinski (1972), 
Moore and Quimby (1985), Larsen (1976) and Lentfer and Hensel (1980) have 
provided detailed descripi tons of polar bear dens. More recently, Amstrup 
(unpublished data) found that the majority (87%) of Beaufort Sea polar 
bears den on the sea ice rather than on land. He further found that the 
most significant land denning areas in Alaska are along the coast and in 
the foothills of ANWR. These findings were based upon radio telemetry and 
thus not biased hy investigator predispositions toHard particular areas. 

Impacts of existing processes and activities 

Under the provisions of the Marine Mammal Protection Act of 1972, only 
Alaskan Natives are currently allowed to hunt polar hears in the state. 
There are presently no restrictions on number, sex, age, or method of 
taking, except that Haste shall not occur. However, the Act does allow the 
state of Alaska to take over management of polar bears under certain 
conditions. Amendments to the Act allow rural Alaskan residents to harvest 
marine mammals for subsistence purposes once the state resumes management. 
An international agreement signed hy Canada, Denmark, Norway, USSR, and the 
USA provides a High Seas sane tuary for polar bears which " ... pro hi bits the 
taking of polar bears from aircraft or large motor vessels or in areas 
Hhere they have not been taken by traditional means in the past" (Lentfer 
l974a). For information on harvest and use of polar bears within the ANWR 
study area, see the Subsistence section in chapter 7. 
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nearshore ice does not melt until late May or early June. With the 
exception of some denning females, polar bears inhabit the ice throughout 
the winter. The 2 main types of sea ice present in winter are landfast 
ice, which is anchored to the shore, and drift or "pack" ice which is kept 
in constant motion hy winds and currents. Pack ice is comprised of all 
stages of ice formation including "multi-year" ice which has hP.en through 
at least one summer melt season. The distribution of polar hears over the 
sea ice is influenced by the abundance and accessibility of their major 
prey species: ringed and bearded seals. In winter, seals may be 
concentrated in areas of drifting seasonal pack ice where open patches of 
water form and then refreeze into areas of thin ice in which the seals can 
maintain breathing holes when open water is not available (Lent fer 1971, 

Stirling et al. 1975a). 

The shore fast ice is used as a substrate across which to travel, an area 
for feeding by females and cubs, and as a denning area. Parturient females 
travel across this landfast ice in September or October to denning sites on 
land. Other members of the population use the landfast ice to reach areas 
on land or on barrier islands to which they are attracted by carrion of 
whales, seals, or walrus. Wi thir: the ANWR study area, polar bears are 
drawn to the carcasses of bowhead whales killed during the fall hy Inupiat 
people in the village of Kaktovik on Barter Island. Results of an USFWS 
research program which captured and tagged polar hears near the A~~R study 
area indicated that the autumn population near Barter Island is comprised 
lCJ.rgely of adult females, family groups, and subadul ts. Adult mCJ.les were 

uncommon (Amstrup et CJ.l. 1986). 

Female polar bears again traverse the shorefast ice in March or April when 
they lead their cubs from dens on land to the drifting pack ice. In 
transit, they hunt ringed seals and their puos which are found in subnivean 

lairs on the shorefast ice. 

hfhen the nearshore ice breaks up in spring, 
become most abundant at the southern edge of 
which varies seasonally, but which usually 
north latitude in Alaska. Sea ice provides 

polar hears move Hi th it and 
the pack ice, the position of 
occurs betVJeen 710 and 72° 
polar bears with a hunting 
feeding areas, and denning platform, shelter from Heather, an avenue to 

sites. 

Tagging studies in both Alaska and Canada have shoVJn that in successive 
winters bears often return to the same general area VJhere they were 
captured (Stirling 1974). They seem to have the ability to navigate to 
specific areas during spring break-up even though Hinds, currents, and 
tides move the drifting pack ice elsewhere (Harington 1968, Lentfer 1972). 
In Alaska, terrestriCJ.l habitats are used only by denning females or hy 

~ears that have been attracted to carrion on land. 

Denning Distribution and Habitat. Lentfer (1972, 1976b) and Lentfer and 
Hensel (1980) have summarized the results of studies of polar bear denning 
in Alaska. Only pregnant females go into winter dens for extended 
periods. They apparently do not concentrate for denning along the coast of 
Alaska as they do in "core" denning areas in other parts of their range. 
The Alaskan coastal zone is fairly flat, and snow of a sui table depth for 
denning occurs only along drainages, cut banks, and rough ice. Some 
factors Hhich are thought to influence the choice of den location are 
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distance inland from the coast, snow depth, snow density, and other 
topographic features which help to provide the best drifts, the least 
windchill, and the best insolation (Harington 1968). Dens have been found 
on land, offshore islands, shorefast ice, and drifting ice. 

Of historic maternity dens found in Alaska, 7 were found on land within the 
ANWR study area and '=J confirmed dens and 2 possible dens were found just 
north of the study area on the shorefast ice (Fig. 37, Table 15). A polar 
bear near what appeared to be a den Has observed on the coastline midway 
between Pokok Bay and Pokok Lagoon hy USFWS personnel conducting mark and 
recapture studies of polar bears in October 1981. On 14 November 1981, a 
radio-collared female was tracked to a den about 12.9 km south of 
Demarcation Ray. Thirteen of the previously mentioned 35 dens were found 
on the National Petroleum Reserve-Alaska, to the west of the study areCJ.. 

On 13 April 1980, Wilson Soplu of Kaktovik observed a sow and small cub 
near Itkilyariak Creek where it flows out of the north side of the 
Sadlerochit Mountains, 32 km straight-1 ine distance from the coast. He 
said that the cub tired easily and hacl to stop often to rest (Jacobson 
1980). On the ice north of the study area, Lentfer and Hensel (1980) 
documented 3 sightings of cubs recently out of dens. Ave Thayer ( pers. 
comm.), observed many tracks of adult bears with cubs near Demarcation Bay 
in the wilderness area of ANWR. In this area the mountains are relatively 
close to the coast, similar to the area north of the Sadlerochit 
Mountains. These areas have greater relief, which allows more snoVJ 
accumulation than other locations within the ANWR study area. During polar 
bear den surveys in the spring of 1981, cTohnson ( 1981) noted areas of 
potential denning habitat. In the study area, the following drainages had 
good to excellent potential denning habitat: Katakturuk, Angun, Okerokovik, 
and Jago Rivers, and Carter and Marsh Creeks. 

Harrington (1968), L¢n¢ (1970), Uspenski and Kistchinski (1972), 
Moore and Quimby (1985), Larsen (1976) and Lentfer and Hensel (1980) have 
provided detailed descripi tons of polar bear dens. More recently, Arnst rup 
(unpublished data) found that the majority (87%) of Beaufort Sea polar 
bears den on the sea ice rather than on land. He further found that the 
most significant land denning areas in Alaska are along the coast and in 
the foothills of ANWR. These findings were based upon radio telemetry and 
thus not biased by investigator predispositions toward particular areas. 

Impacts of existing processes and activities 

Under the provisions of the Marine Mammal Protection Act of 1972, only 
Alaskan Natives are currently alloHed to hunt polar bears in the stab". 
There are presently no restrictions on number, sex, age, or method of 
taking, except that waste shall not occur. However, the Act does alloH the 
state of Alaska to take over management of polar bears under certain 
Conditions. Amendments to the Act allow rural Alaskan residents to harvest 
marine mammals for subsistence purposes once the state resumes management. 
An international agreement signed by Canada, Denmark, NorHay, USSR, and the 
USA provides a High Seas sanctuary for polar bears which " ... prohibits the 
taking of polar bears from aircraft or large motor vessels or in areas 
\-Ihere they have not been taken by traditional means in the past" (Lentfer 
l974a). For information on harvest and use of polar bears within the ANWR 
study areCJ., see the Subsistence section in chapter 7. 
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Table 15. Polar Bear dens in or near the Arctic National Wildlife Refuge. 

Den number and 
location 

l. 

2. 

3. 

4. 

) . 

b. 

7. 

69'~8'N l44'47'W 
Marsh Creek - 0.4 km. 
S VABM Maybell 

69'56'N 144'28'W 

Between Carter Creek 
ana Sadlerochit R. -
2 oens were 68.6 m apart 

b9'49'N l4~'35'W 

16.1 km. S. of Camden 
Bay-upper Carter Creek 
orainage. 

69')0'N l44'08'W 
24.2 km up Hulahu1a 
River. 

No co-oroinates 
2.4 km NW BM Penta 

No co-ordinates 
Niguanak R. 
19.3 km inland SE of 
Barter island. 

8. 69'32'N l4l'25'W 
12.9 km S of Demarcation 
Bay on forK of Turner River 

9. 70'l0'N 143'40'W 

10. 7.2 km north of 
Barter Islano 
airstrip. 

ll. 6.4 km north of 
Barter Island 
aicstrip. 

12. 69'3'J'N l42'36'W 
25.5 km up Egaksrak 
River. 

13. 70'06'~ l4')'4l'W 
0.4 km W of VABM Nob 

14. 69'51'N 143'00'1' 
27.4 km up Niguanak River 

15. 70'01'N 142'43"11 
2.4 km S of PoKok Lagoon 

l6a. 70'02'N l42'40'W 
1.0 km SE of Pokok Lagoon 

lbb. No co-Or'Oinates 
17.7 km up Niguanak River 
(moved den after tagging) 

17. 70'09'N l44'26'W 
3.2 km N of Hulahula R. Delta 

Possible dens 

,k lE k~ W of Ka~~c~ik 
and b.5 km N of VABM 
Barbara. 

l9. 14.5 km W of KaKtovik 
ana 6.5 km N of the W 
eno of Arey Island. 

2G. On shoreline between 
Pokok Bay and Pokok ~agoon 

21. 69'3b'N l43'40'W 
56.3 km S of Kaktovik 

Date Source 

l April 1977 ANWR files 

April 1974 ANWR files 

April 1974 ANWR files 

4 April 197~ ANWR files 

late ~ovember 19bb USHJS Den Log 

13 April 1976 ANWR files 

26 March 1972 USFWS Den Log 

14 November 1981 USFWS 

March 1951 USFWS Den Log 

19 March 1975 Moore 1975 

19 March 1975 Moore 1975 

27 December l9b4 USFWS 

27 December 1984 USFWS 

7 December 198) USFWS 

7 December 198') USFWS 

17 November 1983 USFWS 

6 March 1984 USFWS 

20 April 1982 USFWS 

21 Maret: ~ 975· 1975 

22 March 19'1'; Moore 1975 

B October 1981 USFWS 

10 April l9d3 USFWS 
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Table 15. F0lar Bear dens in or near the Arctic Na~ional Wildlife Refuge. 

ana 

l. 69'5B'N l44'47'W 
Marsn Creek - 0.4 km. 
S VABM Maycell 

~. 69°5b'N l~!4°23'W 

3. Between Car~er Creek 
ana Sadlerochit fi. -
~ dens were 68.o m apart 

~. b9°4Q'N l44°35'W 
lb.~ km. S. of Camuer1 
Bay-upper c:arter Creek 
drainage. 

b0°50'N l44°0b'W 
24.2 km up ~lulahula 

River. 

o. No co-orainates 
2.4 km NW BM Penta 

1. No co-orcinates 
N ~g'~~anak R. 
19.~ km inlana SE of 
Barter islanc. 

69°32'~ l4l 0 25'W 
12.9 km S of Demarcation 
Bay o~ ~orK of Turner River 

9. 70'10'N l43'40'W 

~U. 7.2 Km nortt! of 
Barter Islana 
airstr::_p. 

11. 6.4 Km nortn 
Bar'ter Island 
a:;strip. 

12. b 0 35'N l42°36'W 
2 .5 km up Egaksrak 
H ver. 

13. 70°06'~ l~5°4l'W 
0.4 km W of' VABM :~ob 

14. 69o~:'N l~3°00'W 

27.4 km up ~iguanak River 

15. 70°0l'N l42°43'W 
2.~ km of Pokok Lagoon 

loa. 70°02'N l42°4G'W 
1.0 km SE of Pokok Lagoon 

~6b. No co-orcinates 
17.7 km up Niguanak River 
(moveu cen after ~~gging) 

17. 70°09'N l44°26'W 
j.2 km ~ o: Hulahula H. Delta 

~'ossiblc der.s 

_b. 1b k~ W of ~aKtovik 

a~o o.~ ~~ N of VABM 
Barcara. 

l~.~ km w o~ Kaktovi~ 
ana c.5 k~ N of' theW 
enc of Arey lslanc. 

2G. shoreli~e betwce~ 

Po~o~ bay anc Fokok LagooD 

2l. o9°36'N l43°~0'W 

. 3 ~m S of KaKtoviK 

Date Source 

l April 1977 AN<IR files 

April ln4 ANWR files 

4 April 1974 ANWR fileo 

!, April 197'1 ANWR files 

late November 1960 USF'v-lS Den Log 

13 April 1976 fl.NWR files 

26 March 1972 uSFWS Den Log 

14 ~ovember 1981 USFWS 

>larch 19~1 USFWS Den Log 

19 Harer. l97'l Moore l·}75 

lC: Marcn 1975 Hoore 1975 

27 December 198" USFWS 

27 December lCd4 USF1~S 

December l9b5 USFh'S 

December 1985 USFWS 

17 November 1983 USFWS 

Harch 1904 USFWS 

20 April 1982 USFWS 

21 Marcn 1~7J Iv1oor·e _l_·;1 

!Vtarcn l-?7:::: Hoore 1975 

-:._g October l~bl USF'I-JS 

lC April 1903 USFW3 
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Climate and sea ice conditions affect polar bear populations and their 
habitat. Warming and cooling trends of 50 to 100 year durations have been 
recorded in the arctic (Vibe lQ67, as cited by Lentfer lQ7l). Cooling 
trends could extend denning habitat further south while warming trends could 
result in fewer bears reaching favorable denning areas. In years when the 
landfast ice forms late along the coast, denning mav be delayed or reduced, 
and cub production may he lowered (Harington lQ68, Lono lQ70, Lentfer lQ?l, 
Uspenski and Belikov 1Q76). Den distribution also varies from year to year, 
depending on the ice condition of the previous autumn (Usoenski arrl 
Kistchinski lQ72). 

Natural mortality to polar bears can result from injuries and infections, 
starvation, cannibalism of young by older hears, and mechanical damage 
occurring in the moving ice (Harington 1Q68). Polar hears comoete Hith man 
for their main prey item, the ringed seal. Any natural or man-induce::i 
reduction in ringed seals may affect polar bear populations. 

Lent fer ( 1 q7 6a) reported the results of baseline studies of env1 ronmentr1l 
contaminants and parasites in polar hears. Effects of environmental 
contaminants on marine mammals are not well understood, but apparent 
lethal levels were not found in polar bears. About 60% of Alaskan nolar 
bears are infected with Trinchinella spiralis, but whether or not th~.s is 
life-threatening is not well documented. 

Data Gaps 

The USFWS is continuing research which will provide a better understandinr 
of population size, movements, and denning locations of polar bears. 

Ringed Seal (Phoca hispida) 

Distribution, Range, and Population Size 

Ringed seals are circumpolar in distribution and are the most abundant and 
widely distributed of the arcti.c seals. They inhahi t the Beaufort Sea year 
around. In winter and spring, they are associated with the sborefast ice 
and the flaw zone, but move out to the pack ice edge during summer and 
fall. Brooks (1Q78) estimated that 250,000 to l,SOO,OOO ringed seals 
inhabit the seas bordering Alaska. 

At least 6 aerial censuses of ringed seals have been conducted within the 
ANWR study area (Table 16). In 1 Q70, ringed seals were censused along the 
north coast of Alaska to establish baseline data on density and distribution 
(Burns and Harbo 1972). One of the census areas, Flaxman Island to Barter 
Island, was censused again in 1Q75, 1Q76, and 1977 by Outer Continental 
Shelf Environmental Assessment Program (OCSEAP) personnel. In addition, 
Moore (1Q76) used 2 methods to estimate ringed seal density in the Beaufort 
Sea from Camden Bay on the west to Shingle Point on the east. All censuses 
were conducted during the second or third week of June when a maximum number 
of resident ringed seals would be hauled out on the shore fast ice to molt 
(Burns and Harbo 1Q72). 

USFWS personnel conducted aerial surveys along the ANWR coast on 22 June and 
16 July 1974. A total of 28 survey lines, perpenrlicular to the coast and 
approximately 16 km apart, were flown. Ten were lQ. 3 km long and 18 were 
8.0 km long. Observation width was 0.2 km on each side of the aircraft . 
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Table Hi. Densities of ringed seals 
National Wildlife Refuge 
techniaues. 

Area 

Flaxman Island 
to Barter Islancl 

Camden Bay to 
Beau fort Lagoon 

Camden Bay 
Barter Island 
Beaufort Lagoon 

ANWR coastd 
ANHR coast0 

Year 

1970 
1975 
1976 
1977 

1975 

1975 
1975 
197~ 

l 97 4 ( 22 ,June) 
1974(16 July) 

obtained during surveys of the Arctic 
coast from 1970-1975 using different 

Density Source 
(seals/km2) 

0.73 Burns and Harho 1972 
0.54 Burns and Eley 1978 
0.12 Burns and Eley 1978 
0.3G Burns and Eley 1978 

0.2Ga Moore l976h 

0.78 Moore l976c 
0.83 Moore l976c 
0.91 Moore l976C 

0.82 ANWR file data 
0.12 ANWR file data 

aDensity extrapolated from segments l through ~ of the non-parallel flight 
line method. 

hNon-parallel flight ljne method. 
0 Parallel flight line method. 
0 Some bearded seals may be included in this count. 

The timing of the 22 June survey coincided with the peak of the molt, while 
the 16 July survey occurred after the peak of the molt and under conditions 
of poor visibility. Ringed seals and bearded seals were not differentiated, 
but low numbers of bearded seals utilize this area. Average mean density of 
0.44 seals/km2 (Table 16) for the Flaxman Island to Barter Island sector 
is comparable to the overall observed density of ringed seals in the 
Beaufort Sea (including the Yukon Territory coast) of 0.40 seals/km2 

(Frost and Lowry 1981), and to the density of 0. 46 seals/km2 for the 
Beaufort Sea from Camden Bay to Shingle Point (Moore 1976). 

The highest density of seals adjacent to the ANWR were recorded during 
parallel flight line surveys in 1975 near Beaufort Lagoon (Moore 1976) 
(Table 16). During the same year, ringed seal densities were higher to the 
east in Yukon Territory where 1.56 seals/km2 were observed using the 
parallel flight line method at Komakuk Beach in the Yukon terri tory, and 
1.10 seals/km2 were observed in the Herschel Island area between the Firth 
and Babbage Rivers using the non-parallel method (Moore 1976). 

Ringed seal densities from west to east along the Beaufort Sea coast from 
1970 to 1985 were summarized Frost et al. 1985 (Table 17). Densities were 
variable between years and between locations. Density figures may be used 
as indices of abundance, but do not represent the actual numbers of seals in 
the population. In order to estimate the population, one must know the 
proportion of the population hauled-out and therefore counted during 
surveys. The number of seals hauled-out varies with weather conditions 
(Finley 1979), and at any time may represent from ~0 to 70% of the 
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population (Finley 1979, Frost and Lowry 1981). 1"'1 addition, censuses were 
conducted over the fast ice in spring. When the ice breaks up there is a 
summer influx of ringed seals from the Bering and Chukchi Seas, and the 
ringed seal population increases in the Beaufort Sea (Burns and Harbo 1972, 
Lowry et al. 1979, Frost and Lowry 1981). 

Table 17. Ringed Seal densities (seals/km:::') on the shorefast ice of the 
Beaufort Sea based on aerial surveys conducted in 1970-198~. 

Parentheses indicate densities based on survey coverage of les.c; 
than 343 km2 (modified from Frost et al. 1985) 

Sector 1970 1975 1976 

Bl2 0.63 l.l 0.45 
B2b 0.44 0.50 0.33 
BjC 0.58 0.28 0.59 
B4d ( l. 2) (0.88) (0.15) 
B5e -- -- --
All O.fil o.n 0.40 
Area 
(Km2) 3,440 3,5~7 1,828 

a Point Barrow to Lonely 
b Lonely to Oliktok Point 
c Oliktok Point to Flaxman Island 
d Flaxman Island to Barter Island 

Year 
1977 

0.38 
(0.18) 
(0.22) 
(0.48) 

--
0.3l 

1,238 

e Barter Island to U.S.-Canada Border 
f Does not include Sector B5 

Life History 

1981 1982 198~ Combined 

0.41 0.38 0.6~ o.C.9 
0.42 0.49 0.80 0.4G 
0.44 0.52 0.97 0.57 
0.49 (0.32) 0.59 0.~9 

-- -- (0.22) 
0.43 0.44 0.83F 0.57F 

4,880 2,003 2,9o9P l0,85GF 

The age at which female ringed seals reach productive maturity is 6-10 
years, but most do so at 7-9 years of age. Males reach sexual maturity at 
7-8 years of age (Burns and Eley 1977). Females are impregnated after 
pupping (between mid and late April) and implantation is delayed 3 l/2 
months until mid-July or mid-August (Burns and Eley 1977). Single 
white-coated pups are born from mid-March through April in snow dens 
(subnivean lairs) excavated in packed snow on the lee or windward side of 
pressure ridges or ice hummocks. Pups remain in the dens for approximately 
2 months, during which time they are dependent on the mother. 

Longevity of ringed seals may approach 36-40 years, but few seals taken in 
subsistence harvests are more than 10-15 years old (Burns and Eley 1978). 

Food Habits 

Diets vary seasonally, presumably with the concentrations of prey species 
(Lowry et al. 1979), and may also vary somewhat with locality (Frost and 
Lowry 1981). Initially, food samples were collected primarily near Point 
Barrow and Prudhoe Bay, but during the summer of 1080 additional stomach 
contents of seals were obtained from Pingok Island (west of Prudhoe Bay) and 
Beaufort Lagoon which is within the ANWR study area. 
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Table Hi. Densities of ringed seals 
National Wildlife Refuge 
techniaues. 

Area 

Flaxman Island 
to BartPr Island 

Camden Bay to 
Beau fort Lagoon 

Camden Bay 
Barter Island 
Beaufort Lagoon 

ANHR coastd 
AN\'V'R coastd 

Year 

1970 
1975 
1976 
1977 

1Q75 

1975 
1975 
1975 

1974(22 ,June) 
1974(16 July) 

obtained during surveys of the Arctic 
coast from 1970-1975 using different 

Density Source 
(seals/km2) 

0.73 Burns and Harho 1972 
0.54 Burns and Eley 1978 
0.12 Burns and Fley 1978 
0.36 Burns and Eley 1978 

0.26a Moore 1976b 

0.78 Moore l976c 
0.83 Moore 1976c 
0.91 Moore l976c 

0.82 ANWR file data 
0.12 ANWR file data 

aoensity extrapolated from segments l through 5 of the non-parallel flight 
line method. 

hNon-parallel flight line method. 
Cparallel flight line method. 
0 Some bearded seals may be included in this count. 

The timing of the 22 June survey coincided with the peak of the molt, while 
the 16 July survev occurred after the peak of the molt and under conditions 
of poor visibility. Ringed seals and bearded seals were not differentiated, 
but low numbers of bearded seals utilize this area. Average mean density of 
0. 44 seals /km2 (Table 16) for the Flaxman Island to Barter Island sector 
is comparable to the overall observed density of ringed seals in the 
Beaufort Sea (including the Yukon Territory coast) of 0.40 seals/km2 
(Frost and Lowry 1981), and to the density of 0.46 seals/km2 for the 
Beaufort Sea from Camden Bay to Shingle Point (Moore 1976). 

The highest density of seals adjacent to the ANWR were recorded during 
parallel flight line surveys in 1975 near Beaufort Lagoon (Moore 1976) 
(Table 16). During the same year, ringed seal densities were higher to the 
east in Yukon Territory where 1.56 seals/km2 were observed using the 
parallel flight line method at Komakuk Beach in the Yukon terri tory, and 
1.1 q seals /km2 were observed in the Herschel Island area between the Firth 
and Babhage Rivers using the non-parallel method (Moore 1976). 

Ringed seal densities from west to east along the Beaufort Sea coast from 
1970 to 1985 were summarized Frost et al. 1985 (Table 17). Densities were 
variable between years and between locations. Density figures may he used 
as indices of abundance, but do not represent the actual numbers of seals in 
the population. In order to estimate the population, one must know the 
proportion of the population hauled-out and therefore counted during 
surveys. The number of seals hauled-out varies with weather conditions 
(Finley 1979), and at any time may represent from 50 to 70% of the 
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population (Finley 1979, Frost and Lowry 1981). ~~ addition, censuses were 
conducted over the fast ice in spring. When the ice breaks up there is a 
summer influx of ringed seals from the Bering and Chukchi Seas, and the 
ringed seal population increases in the Beaufort Sea (Burns and Harho 1972, 
Lowry et al. 1979, Frost and Lowry 1981). 

Table 17. Ringed Seal densities ( seals/km 2) on the shore fast ice of the 
Beaufort Sea based on aerial surveys conducted in 1970-1985. 
Parentheses indicate densities based on survey coverage of lese; 
than 343 km2 (modified from Frost et al. 1985) 

Sector 1970 1975 1976 

m2 0.63 l.l 0.45 
B2b 0.44 0.50 0.33 
B3C 0.58 0.28 0.59 
B4d ( l. 2) (0.88) (0.15) 
sse -- -- --
All O.fil o.n 0.40 
Area 
(Km2) 3,440 3,557 1,828 

a Point Barrow to Lonely 
b Lonely to Oliktok Point 
c Oliktok Point to Flaxman Island 
d Flaxman Island to Barter Island 

Year 
1977 

0.38 
(0.18) 
(0.22) 
(0.48) 

--
0.33 

1,238 

e Barter Island to U.S.-Canada Border 
f Does not include Sector B5 

Life History 

1981 1982 1985 Combined 

0.41 0.38 0.65 0.69 
0.42 0.49 0.80 0.4fi 
0.44 0.52 0.97 0.57 
0.49 (0.32) 0.59 0.59 
-- -- (0.22) 

0.43 0.44 0.83F 0.57p 

4,880 2,003 2,9o9F 1Q,856F 

The age at which female ringed seals reach productive maturity is 6-10 
years, but most do so at 7-9 years of age. Males reach sexual maturity at 
7-8 years of age (Burns and Eley 1977). Females are impregnated after 
pupping (between mid and late April) and implantation is delayed 3 1/2 
months until mid-July or mid-August (Burns and Eley 1977). Single 
white-coated pups are born from mid-March through April in snow dens 
(suhnivean lairs) excavated in packed snow on the lee or windward side of 
pressure ridges or ice hummocks. Pups remain in the dens for approximately 
2 months, during which time they are dependent on the mother. 

Longevity of ringed seals may approach 36-40 years, but few seals taken in 
subsistence harvests are more than 10-15 years old (Burns and Eley 1978). 

Food Habits 

Diets vary seasonally, presumably with the concentrations of prey species 
(Lowry et al. 1979), and may also vary somewhat with locality (Frost and 
Lowry 1Q81). Initially, food samples were collected primarily near Point 
Barrow and Prudhoe Bay, but during the summer of 1Q80 additional stomach 
contents of seals were obtained from Pingok Island (west of Prudhoe Bay) and 
Beaufort Lagoon which is within the ANWR study area. 
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In general, ringed seals eat benthic crustaceans such as gammarid amphipods, 
mysids, shrimp, and isopods, in late winter and early spring (April-June), 
nektonic crustaceans, such as hyperiid amphipods and euphausiids in summer, 
(August-September), and arctic cod in winter (November-March) (Frost and 
Lowry lq8l). Vlork at Pingok Island and Beaufort Lagoon, however, has shown 
that arctic cod may be a major summer prey item in areas where euphausiids 
or hyperiid amphipods may not be abundant. Arctic cod are present in 
summer, but are more dispersed; concentrations or aggregations of prey 
species, which occur in localized areas, enable seals to obtain large 
quantities of food more efficiently (Lowry et al. 1q7q). The use of arctic 
cod in the winter diet may coincide with a nearshore spawning by arctic cod 
in the fall. This phenomenon has not been reported in Alaska, but is 
documented for other areas of the world (Lowry et al. 1g7q). No data are 
available on foods used by ringed seals in the Alaskan Beaufort Sea during 
July or October (Frost and Lowry 1g81). 

H2bitat 

Ringed seals occur in both moving and landfast ice and are capable of 
maintaining hreathi_ng holes through ice that is 2 m thick by abrading the 
sea ice with the claws of their foreflippers. This adaption allows them to 
inhabit areas of extensive, thick, stable ice (Smith and SU_rling 1g7c:;, 
Burns et al. 1Q80, Cowles 1q81). Highest densities of seals along the 
northern Alaska coast occur in areas of very stable shorefast ice in late 
winter and early spring. 

Preferred breeding habitat is landfast ice and these areas consistently 
contain the highest densi tes of breeding seals. However, ringed seals are 
known to use fo.r offshore areas of shifting, but relatively stable ice 
(Smith and Stirling 1g7c:;). Moving ice may be marginal breeding habitat used 
by younger, more inexperienced seals, and may subject them to more predation 
by polar bears (Burns and Eley lq78). The lairs, which function to protect 
ringed seal pups from predators (mainly polar bears and arctic foxes (Alopex 
lagopus) and the cold, are located above breathing holes in the ice and may 
be complex structures (Smith and Stirling 1g75). 

Lagoons. Most of the lagoons within the ANWR study area are shallow and ice 
is usually anchored to the bottom in winter. Therefore they are not 
available to ringed seals as pupping habitat or winter feeding areas. 
Lagoons that are deeper than 3 m and have an open connection to the ocean do 
provide suitable pupping habitat (L. Lowry, pers. comm.). Nuvagapak, Angun, 
and Jago lagoons are from 3.0 - 3.6 m deep in places, while Kaktovik lagoon 
reaches a depth of 3.q m, hut does not connect directly to the ocean. 

Ringed seals are occasionally seen in lagoons in low numbers in summer and 
fall. Lowry (pers. comm.) reported seeing l or 2 seals on several occasions 
in Beaufort Lagoon in early September 1q8o. Between q June and 3 July 1q80, 
J. Levison saw l - 3 seals daily on the ice in the Nuvagapak portion of 
Beaufort Lagoon. The lagoon was gs% ice-covered in June and only 25% 
ice-covered by 3 July (ANWR files, unpuhl. data). USFWS biologists have 
seen seals in the lagoons within the refuge: B. Bartels ( pers. comm.) has 
observed seals in Jago, Kaktovik, and Oruktalik lagoons in summer and fall, 
and M. Spindler (unpublished oata) saw l seal in Tamayariak Lagoon on 3 
August 1q81. Seals are occasionally seen in Simpson Cove during the summer 
(ANWR files unpubl. data.). Although not a lagoon, it does lie within the 
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study area. Spindler noted 2 seals in Simpson Cc 
C. Meyers ( pers. comm.) saVJ 2 seals on ll Augu 
1q8l in shallow water near shore. 

Impacts of Existing Processes and Activities 

Ringed seals are the smallest of the arctic sea] 
polar bears. Other predators are arctic and 
wolves, and ravens. They are also a subsisten 
village of Kaktovik on Barter Island. (See ChaptE 

According to McLaren (lq58) "The habit of puppi 
quantity and quality of primary importance in 
this species." Heavily compacted ice in 1q74 
which seals could construct their lairs in lq'Tl\ 
the causes of a decline in the ringed seal 
Beaufort Sea (Stirling et al. lq75b) and 
populations of seals as well. This decline i:o 
for Alaska (Table 16). HoVJever tne consisten 
years is unknown, and a conclusive statement 

not possible. 

Data Gaps 

Ringed seal 
literature. 
although the 
limited. 

use of lagoon systems on the north 
There is fragmentary evidence th 
extent of such use is not well doc 

Bearded Seal (Erignathus barbatus) 

Distribution, Range and Population Size 

Bearded seals at"e circumpolar in distributior 
covers water that is less than or equal 
Bering-Chukchi population of the north Pacific 
where the seals are present year round in rel 
Frost 1q7g). The range of the bearded sea 
conditions; most of the animals move south thr 
fall-early winter, and spend winters in the E 
the ice breaks up in spring (mid-April to June 

Very little information is available regardin 
using the Beaufort Sea. Burns and Frost (lq 
approaches being marginal habitat for these ~ 
noted that bearded seals occurred on moving 
survey areas in early June, but none were J 

Barter Island segment of the survey where e) 
present. In 7.qh of boat surveys at 2 locat 
August and September 1q77, no bearded seals WE 

J. Levison ( unpubl. data ANWR files) noted 
ice near Beaufort Lagoon during the first 
Here sighted on 31 July 1q80 near Egaksrak ~ 
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seals eat benthic crustaceans such as gammarid amphipods 
nd isopods, in late winter and early spring (April-Junp)' 
-ns, such as hyperiid amphipods and euphausiids in summer 
, and arctic cod in winter (November-March) (Frost and 

< at Pingok Island and Beaufort Lagoon, however, has shown 
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more efficiently (Lowry et al. 1979). The use of arctic 
diet may coincide with a nearshore spawning by arctic cod 

is phenomenon has not been reported in Alaska, but is 
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·ns and Eley 1978). The lairs, which function to protect 
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>ld, are located above breathing holes in the ice and may 
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n early September 1980. Between 9 June and 3 July 1980, 
3 seals daily on the ice in the Nuvagapak portion of 

'he lagoon was 95% ice-covered in June and only 25% 
1ly (ANWR files, unpuhl. data). USFWS biologists have 
agoons within the refuge: B. Bartels ( pers. comm.) has 
go, Kaktovik, and Oruktalik lagoons in summer and fall 
published rlata) saw l seal in Tamayariak Lagoon on 3 
are occasionally seen in Simpson Cove during the summer 
data.). Although not a lagoon, it does lie within the 
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study area. Spindler noted 2 seals in Simpson Cove on 10 September 1981 and 
c. Meyers ( pers. cornm.) savl 2 seals on ll August l 981 and 1 on 23 August 

1981 in shallow water near shore. 

Impacts of Existing Processes and Activities 

Ringed seals are the smallest of the arctic seals and are the major orey of 
polar bears. Other predators are arctic and red foxes, domestic dogs, 
wolves, and ravens. They are also a subsistence resource for the Inupj_a t 
village of Kaktovik on Barter Island. (See Chapter 7, Subsistence section). 

According to McLaren (1958) "The habit of pupping on the fast ice makes jc(~ 
auanti ty and auali ty of primary importance in the reproductive ecology of 
this species." Heavily compacted ice in l 97 4, and limited snow cover in 
which seals could construct their lairs in l9'flt and 1975 are believed to be 
the causes of a decline in the ringed seal population in Lhe Fastern 
Beaufort Sea (Stirling et al. 1975b) and may have affected Alaskan 
populations of seals as well. This decline is evidertt in the census dst"t 
for Alaska (Table 16). However the consj_stency of sur·vey effort hetv1een 
years is unknown, and a conclusive statement i.n support the hypothesls is 

not possible. 

Data Gaps 

Ringed seal use of lagoon systems on the north slope is not addressed i.n the 
literature. There is fragmentary evidence that some use does occur, 3n:i 
although the extent of such use is not well documented, it seems to he auite 

limited. 

Bearded Seal (Erignathus barbatus) 

Distribution, Range and Population Size 

Bearded seals are circumpolar in distribution in areas where seasonal ice 
covers water that is less than or eaual to about 200m deep. The 
Bering-Chukchi population of the north Pacific extends into the Geauforc Sea 
where the seals are present year round in relatively low numbers (Burns and 
Frost l 979). The range of the bearded seal varies seasonally with ice 
conditions; most of the animals move south through the Bering Strait in late 
fall-early winter, and spend winters in the Bering Sea. They move north as 

the ice breaks up in spring (mid-April to June). 

Very little information is available regarding the numbers of bearded seals 
using the Beaufort Sea. Burns and Frost (1979) stated that " ... the region 
approaches being marginal habitat for these seals". Burns and Harbo (1972) 
noted that bearded seals occurred on moving pack ice in the Beaufort Sea 
survey areas in early June, but none were found in the Flaxman Island to 
Barter Island segment of the survey where extensive land fast ice \-TaS still 
present. In 7.9h of boat surveys at 2 locations north of the study area in 
August and September 1977, no bearded seals were seen (Burns and Frost 1979). 

J. Levison (unpubl. data ANWR files) noted 2-6 bearded seals daily on the 
ice near Beaufort Lagoon during the first week of July 1980. Individuals 
were sighted on 31 July 1980 near Egaksrak Island and on S August 1980 on a 
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floe between Beaufort Lagoon and Siku Entrance. A total of 24 
leads near Icy Reef on 6 September lo80. Population studies 
the Canadian Beaufort Sea recorded 2, 750::!:_720 SD bearded seals 
l,l07::!:_2l5 SD in 1075 (Stirling et al. lg75h). 

Life History 

were seen in 
conducted in 
in 1075 and 

Most bearded seal puos are born on the ice 
from March through May. 
birth (Stirling et al. 

at the end of April, although 
Pups are able to enter the 

l075b, Burns and Eley lo78). 
days and gain about 45.4 kg (Burns 1067). 

pupping dates range 
water shortly after 
Pups nurse for 12 to 18 

Breeding occurs mainly in May, with implantation approximately 2 months 
later. Males reach sexual maturity at 6-7 years and females at 4-7 years, 
although the mean for females is 6 years based on first pregnancy rather 
than first ovulation (Burns and Frost 1070). 

Habitat 

The oreferred habitat of bearded seals is shallow water zones in areas of 
moving ice. They move seasonally with the drifting, disturbed sea ice as it 
advances north in the spring and retreats south in the fall (Burns lo67). 
These seals can be associated with 4 types of winter pack ice: persistent 
flaw, polynyas, divergence zones, and the ice front (Burns et al. 1080). 
They are capable of maintaining breathing holes in thin ice (Burns and Frost 
1070). Bearded seals are not found in areas of landfast ice until it begins 
to break up in June (Burns and Eley lo78). 

Bearded seals are benthic feeders with a diving limit of about lOOm, 
therefore floating or moving ice over shallow water provides optimum feeding 
habitat. The Beaufort Sea has a narrow continental shelf, much of which is 
overlain by landfast ice during winter; therefore, feeding habitat for 
bearded seals is limited. In summer and autumn, the southern edge of the 
ice pack is generally over water which is too deep for feeding by bearded 
seals; so in those seasons they are often associated with nearshore ice 
remnants. The Bering and Chukchi Seas, with their wide continental shelves, 
provide more suitable habitat than the Beaufort Sea (Burns and.Frost lo7o). 
Based on data from 20 bearded seals collected in the Beaufort Sea ( 16 near 
Barrow), the most important food items were spider crabs (Hyas coarctatus), 
shrimp (Sabinea septemcarinata), and arctic cod (Boreogadussaida). Clams 
were important in August and fish were more important from November through 
February than at other times of the year. Other items consumed were hermit 
crabs, octopus, gammarid amphipods, and isopods (Burns and Frost 1070). 

Impacts of Existing Processes and Activities 

Predators of bearded seals include polar bears and man. For information on 
Eskimo harvest and use of bearded seals see Chapter 7, Subsistence section. 
In general, causes of natural mortality are unknown. These seals do harbor 
helminth parasites and have high heavy metal loads. Because of the high 
concentrations of cadmium in the liver and kidneys these organs should not 
be consumed by humans (Burns and Frost lo7o). 
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Data Gaps 

Numbers of bearded seals in the American Beaufort Sea are not well 
documented, especially in the central Beaufort north of the ANWR study area. 

Bowhead Whale (Balaena mysticetus) 

Distribution, Range and Population Size 

Bowhead whales are distributed in 4 principal areas of arctic and subarctic 
waters: Spitzbergen west to East Greenland; Davis Strait, Baffin Bay and 
Hudson Bay; the Bering, Chukchi, Beaufort, and East Siberian Seas; and the 
Okhotsk Sea. Bowheads that occupy the Bering, Chukchi, and Beaufort Seas 
are sometimes referred to as the western arctic population (Tillman lqSO). 

The wintering area for the western arctic bowheads is along the ice edge of 
the central and southwestern Bering Sea (Fraker et al. lo78, Naval Arctic 
Research Laboratory loBO). They undergo a spring migration which is related 
to ice movements (Marquette lo77, Brooks lo78). Leads, or areas of open 
water, begin to form in landfast ice in March, and the whales migrate from 
the Bering to the Chukchi and Beaufort Seas from March through June (Braham 
and Krogman 1077). Bowheads arrive in the Canadian Arctic (eastern Beaufort 
Sea) in mid-May, June, and July, and remain in Amundsen Gulf during the late 
spring and summer. About mid-September they begin their westward migration 

back to the Bering Sea (Fraker et al. lo78, Fraker lo7q). 

Recent estimates of the western arctic population were derived from counts 
of whales migrating past Point Barrow, Alaska, in spring. Marquette et al. 
(lgSl) felt that the lo78 estimate of 2,264 whales was the most reliable 
estimate obtained from 5 years of data. The International Whaling 
Commission, (IWC), however, quotes 1,300 animals as the best estimate of the 
bowhead population (Tillman loBO), while Richardson et al. (loSS) reoorted 
the population at l87l based on a more recent estimate by the IWC 

(International Whaling Commission lq84). 

Life History 

The life history of the bowhead whale is poorly understood. Marquette 
(lo77) provides a summary and discussion of available data on growth and 
reproduction. Mating behavior has been observed during spring migration and 
probably occurs in summer as well. Calving is thought to occur between late 
winter and early summer; often during spring migration. The gestation 
period is about 12 months. Calves are weaned at 5-6 months of age, but it 
is not known how long they remain with their mothers. Males reach sexual 
maturity at a length of 11.6 m and physical maturity at 14.0 to 14.7 m. 
Females reach sexual maturity at 12.2 m and physical maturity at a length 
slightly greater than males. The age at which these lengths are reached has 

not been determined. 

Food Habits 

Bowhead whales feed by straining marine organisms through baleen plates that 
are suspended from their upper jaw (Marquette 1077, Fraker et al. lo78). It 
is not known whether whales feed during the winter. Those migrating in 
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floe between Beaufort Lagoon and Siku Entrance. A total of 24 were seen in 
learls near Icy Reef on 6 September 1980. Population studies conducted in 
the Canadian Beaufort Sea recorded 2, 759~729 SD bearded seals in 1975 and 
1,197~235 SD in 1975 (Stirling et al. l975b). 

Life H~story 

Most bearded seal puos are born on the ice at the end of April, although 
pupping dates range from March through May. Pups are able to enter the 
11ater shortly after birth (Stirling et al. l975b, Burns and Eley 1978). 
Pups nurse for 12 to 18 days and gain about 45.4 kg (Burns 1967). 

Breeding occurs mainly in May, with implantation approximately 2 
later. r'iales reach sexual maturity at 6-7 years and females at 4-7 
although the mean for females is 6 years based on first pregnancy 
than first ovulation (Burns and Frost 1979). 

Habitat 

months 
years, 
rather 

The oreferred habitat of bearded seals is shallow water zones in areas of 
moving ice. They move seasonally with the drifting, disturbed sea ice as it 
advances north in the spring and retreats south in the fall (Burns 1967). 
These seals can he associated with 4 types of winter pack ice: persistent 
flaw, polynyas, divergence zones, and the ice front (Burns et al. lOBO). 
They are capable of maintaining breathing holes in thin ice (Burns and Frost 
1979). Bearded seals are not found in areas of land fast ice until it hegins 
to break up in June (Burns and Eley 1978). 

Bearded seals are benthic feeders with a diving limit of about lOOm, 
therefore floating or moving ice over shallow water provides optimum feeding 
habitat. The Beaufort Sea has a narrow continental shelf, much of which is 
overlain by landfast ice during winter; therefore, feeding habitat for 
bearded seals is limited. In summer and autumn, the southern edge of the 
ice pack is generally over water which is too deep for feeding by bearded 
seals; so in those seasons they are often associated with nearshore ice 
remnants. The Bering and Chukchi Seas, with their wide continental shelves, 
provide more suitable habitat than the Beaufort Sea (Burns and.Frost 1979). 
Based on data from 20 bearded seals collected in the Beaufort Sea ( 16 near 
Barrow), the most important food items were spider crabs (Hyas coarctatus), 
shrimp (Sabinea septemcarinata), and arctic cod (Boreogadu;--saida). Clams 
were important in August and fish were more important from November through 
February than at other times of the year. Other items consumed were hermit 
crabs, octopus, gammarid amphipods, and isopods (Burns and Frost 1979). 

Impacts of Existing Processes and Activities 

Predators of bearded seals include polar bears and man. For information on 
Eskimo harvest and use of bearded seals see Chapter 7, Subsistence section. 
In general, causes of natural mortality are unknown. These seals do harbor 
helminth parasites and have high heavy metal loads. Because of the high 
concentrations of cadmium in the liver and kidneys these organs should not 
be consumed by humans (Burns and Frost 1979). 

300 

Data Gaps 

Numbers of bearded seals in the American Beaufort Sea are not well 
documented, especially in the central Beaufort north of the ANWR study area. 

Bowhead Whale (Balaena mysticetus) 

Distribution, Range and Population Size 

Bowhead whales are distributed in 4 principal areas of arctic and subarctic 
waters: Spitzbergen west to East Greenland; Davis Strait, Baffin Bay and 
Hudson Bay; the Bering, Chukchi, Beaufort, and East Siberian Seas; and the 
Okhotsk Sea. Bowheads that occupy the Bering, Chukchi, and Beaufort Seas 
are sometimes referred to as the western arctic population (Tillman 1980). 

The wintering area for the western arctic bowheads is along the ice edge of 
the central and southwestern Bering Sea (Fraker et al. 1978, Naval Arctic 
Research Laboratory 1980). They undergo a spring migration which is related 
to ice movements (Marquette 1977, Brooks 1978). Leads, or areas of open 
water, begin to form in landfast ice in March, and the whales migrate from 
the Bering to the Chukchi and Beaufort Seas from March through June (Braham 
and Krogman 1977). Bowheads arrive in the Canadian Arctic (eastern Beaufort 
Sea) in mid-May, June, and July, and remain in Amundsen Gulf during the late 
spring and summer. About mid-September they begin their westward migration 
back to the Bering Sea (Fraker et al. 1978, Fraker 1979). 

Recent estimates of the western arctic population were derived from counts 
of whales migrating past Point Barrow, Alaska, in soring. Marquette et al. 
(1981) felt that the 1978 estimate of 2,264 whales was the most reliable 
estimate obtained from 5 years of data. The International Whaling 
Commission, (IWC), however, quotes 1,300 animals as the best estimate of the 
bowhead population (Tillman 1980), while Richardson et al. (l98S) reoorted 
the population at 3871 based on a more recent estimate by the IWC 
(International Whaling Commission 1984). 

Life History 

The life history of the bowhead whale is poorly understood. Marquette 
(1977) provides a summary and discussion of available data on growth and 
reproduction. Mating behavior has been observed during spring migration and 
probably occurs in summer as well. Calving is thought to occur between late 
winter and early summer; often during spring migration. The gestation 
period is about 12 months. Calves are weaned at 5-6 months of age, but it 
is not known how long they remain with their mothers. Males reach sexual 
maturity at a length of ll. 6 m and physical maturity at 14.0 to 14.7 m. 
Females reach sexual maturity at 12.2 m and physical maturity at a length 
slightly greater than males. The age at which these lengths are reached has 
not been determined. 

Food Habits 

Bowhead whales feed by straining marine organisms through baleen plates that 
are suspended from their upper jaw (Marquette 1977, Fraker et al. 1978). It 
is not known whether whales feed during the winter. Those migrating in 
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sorin;:: feed little or not at all, evidenced by the lack of food in the 
.'o::om2chs of whales harvested at Barrow. They do feed intensively in the 
Beaufort Sea during summer and fall, and whales harvested in autumn have 
ontained substantial quantities of food in their stomachs (Lowry et al. 

tq78, Lowry and Burns 1g8o, Marquette et al. 1g81). 

Little information is available on food habits of bowhead whales in the 
JUasvan Beaufort Sea, but Lowry and Burns (lq8o) collected data from five 
?:torrachs of whales taken between :?0 September and ll October 1g7g near 
B0rtc;r Island. They found that copepods (principally Calanus hyperboreus), 
and euph0usiids (mainly Thysanoessa raschii) comprised about q7% of the food 
eaten. Cooepods were dominant in 3 of 5 samples, and euphausiids in 2 
samples. Small amounts of mysids, hyperiid and gammarid amphipods, and 
small fishes were also eaten. Whales taken at Barrow in September lq76, and 
Hay 1q77, had eaten mainly euphausiids and copepods respectively (Lowry et 
al. 1q78, as cited by Lowry and Burns lqBO; Marquette 1q77). 

Lowry and Burns (lqSO) stated that "ringed seals and arctic cod are probably 
the most significant trophic competitors of bowhead whales in the Beaufort 
Sea". The effects of this competition for food on the recovery of this 
stn~k of bowheads is unknown (Marquette et al. lq8l) 

LJahi tat 

~he winter habitat of bowhead whales varies wjth the seasonal distribution 
of tr,e ice front. According to Frost and Lowry (lq81) "All available 
i.~f.)rmation indi_cates a close association with the ice front from at least 
J2nuarv throwzh earl v Apri.l. Characteristics of the front provide an area 
'.Jhere '>'~halr:::s can reside among the ice while maintaining regular access to 
air between generally dispersed and mohile floes". 

I~ late ~arch or early April, a major flaw zone forms between the oack ice 
,qnd shorefast ice creating a corridor of open vJater roughly parallel to 
shore through which the whales can migrate. These leads, which pass through 
the Bering Strait, are oriented in a southwest to northeast direction (Fay 
ll74) and pass close to Wales, Point Hope, and Barrow (Braham et al. 1q8o, 
CarToll CJ.nd Smithhisler lqSo). National Marine Fisheries Service (NMFS) 
oersonnel have conducted aerial surveys across the nearshore leads to 
determine the distribution of boHheads and found that most whales migrate 
within the first third of the lead closest to the shorefast ice (Marauette 
etnl. 1q81). 

From Point Barrow eastward, bowheads are believed to cross the Beaufort Sea 
us ~ng far offshore leads in the pack ice which develop in a northeasterly 
direction towards Banks Island (Fig. 38). Satellite images have shown that 
the.c:;e 2.eads may extend as far north as 770 or 780 north latitude. The 
whales then follow the Banks Island lead, or the Tuktovaktuk Peninsula lead 
south to Amundsen Gulf. As the ice becomes more fractured later in the 
season, boHheads probably use a more southerly route (Fraker 1q7g, Braham et 
al. lqSo). 

Bowhead whales summer in the eastern Beaufort Sea and Amundsen Gulf. Fraker 
and Bockstoce ( lqSo) hypothesized that early in the open water season they 
are iistrib~ted primarily in Amundsen Gulf and the adjacent waters near Cape 
l3,s.t:,urst. As the season progresses there is a gradual westward shift in 
dist"ibt;t:ion which may be related to the availahility of food. 
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spring feed little or not at all, evidenced by the lack of food in the 
stomachs of whales harvested at Barrow. They do feed intensively in the 
Beaufort Sea during summer and fall, and whales harvested in autumn have 
contained substantial quantities of food in their stomachs (Lowry et al. 
1978, Lowry and Burns 1980, Marquette et al. 1981). 

Little information is available on food habits of bowhead whales in the 
Alaskan Beaufort Sea, but Lowry and Burns (l 980) collected data from five 
stomachs of whales taken between 20 September and 11 October 1979 near 
Barter Island. They found that copepods (principally Calanus hyperboreus), 
and euphausiids (mainly Thysanoessa raschii) comprised about 97% of the food 
eaten. Copepods were dominant in 3 of 5 samples, and euphausiids in 2 
samples. Small amounts of mysids, hyperiid and gammarid amphipods, and 
small fishes were also eaten. Whales taken at Barrow in September 1976, and 
May 1977, had eaten mainly euphausiids and copepods respectively (Lowry et 
al. 1978, as cited by Lowry and Burns 1980; Marquette 1977). 

Lowry and Burns (1980) stated that "ringed seals and arctic cod are probably 
the most significant trophic competitors of bowhead whales in the Beaufort 
Sea". The effects of this competition for food on the recovery of this 
stock of bowheads is unknown (Marquette et al. 1981) 

Habitat 

The winter habitat of bowhead whales varies with the seasonal distribution 
of the ice front. According to Frost and Lowry (1981) "All available 
information indicates a close association with the ice front from at least 
January through early April. Characteristics of the front provide an area 
where whales can reside among the ice while maintaining regular access to 
air between generally dispersed and mobile floes". 

In late March or early April, a major flaw zone forms between the pack ice 
and shorefast ice creating a corridor of open water roughly parallel to 
shore through which the whales can migrate. These leads, which pass through 
the Bering Strait, are oriented in a southwest to northeast direction (Fay 
1974) and pass close to Wales, Point Hope, and Barrow (Braham et al. 1980, 
Carroll and Smithhisler 1980). National Marine Fisheries Service (NMFS) 
personnel have conducted aerial surveys across the nearshore leads to 
determine the distribution of bowheads and found that most whales migrate 
within the first third of the lead closest to the shore fast ice (Marquette 
et al. 1981). 

From Point Barrow eastward, bowheads are believed to cross the Beaufort Sea 
using far offshore leads in the pack ice which develop in a northeasterly 
direction towards Banks Island (Fig. 38). Satellite images have shown that 
these leads may extend as far north as 770 or 780 north latitude. The 
whales then follow the Banks Island lead, or the Tuktoyaktuk Peninsula lead 
south to Amundsen Gulf. As the ice becomes more fractured later in the 
season, bowheads probably use a more southerly route (Fraker 1979, Braham et 
al. 1980). 

Bowhead whales summer in the eastern Beaufort Sea and Amundsen Gulf. Fraker 
and Bockstoce (1980) hypothesized that early in the open water season they 
are distributed primarily in Amundsen Gulf and the adjacent waters near Cape 
Bathurst. As the season progresses there is a gradual westward shift in 
distribution which may be related to the availability of food. 
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Since there is open water along the coast of Alaska in fall, bowheads are 
not dependent upon ice leads as corridors for travel, so they are able to 
remain closer to the coastline. Recent studies by the Naval Ocean Systems 
Center (NOSC) for the Bureau of Land Management (BLM) have added to the 
limited knowledge of the fall migration. Aerial surveys were conducted in 
August, September, and October, 1q7g, to study the behavior and movements of 
whales migrating through the Beaufort Sea. Whales were sighted primarily 
along the 10 fathom/20 m line. 

The locations of whales sighted near the ANWR study area in 1g7g are shown 
in Fig. 3g. On 24 September, 1q7q, in a small area near Demarcation Bay, 35 
bowheads were seen in 10 observations of whale groups ranging in size from l 
to 10 individuals. On 26 September, 40 individuals were seen in 14 
different groups (Fig. 3g). These groups seemed to be moving in a 
non-directional manner, suggesting that the whales may have been feeding in 
that area ( Ljungblad et al. l g80). The presence of food in the stomachs of 
vJhales harvested in Kaktovik, just west of Demarcation Bay, supports this 
hypothesis. Bowheads appear to migrate more slowly in the fall than in the 
spring, apparently because they are feeding throughout the migration. 

Impacts of Existing Processes and Activities. 

Bowhead whales have been harvested by Alaskan Eskimos for at least 2, 000 
years (Bockstoce 1g78 as cited by Tillman lq8o). In addition, Yankee 
whalers were active in the Arctic Ocean from 1848 to 1g15 and killed 
approximately 8,852 whales (Bockstoce 1g78, as cited by Tillman lg8o). The 
International Whaling Commission (IWC) banned commercial whaling in 1g47 and 
since then only hunting by natives has been allowed. 

The bowhead whale is considered an endangered species. Mitchell (1g77) 
estimated that the western arctic population has been reduced to 7 to ll% of 
its original size. Under conditions of the Endangered Species Act of 1g73 
and the Marine Mammal Protection Act of 1g72, continued harvest by Alaskan 
Eskimos for subsistence purposes was allowed providing that waste did not 
occur. 

In 1g72, the Scientific Committee of the IWC became concerned that the 
effect of Native hunting on the population was not known. Therefore, the 
National Marine Fisheries Service (NMFS) began a study in 1g73 to determine 
the extent of the harvest and to gather data on population size, 
distribution, and abundance of whales. The results of the harvest study 
alarmed IWC members: in 1g76, 48 bowhead whales were struck and landed and 
an additional 43 were struck and lost, for a total of g1 whales struck. 
They recommended that the whaling cease completely. In 1q77, lll bowhead 
whales were struck (2g landed) before action on the issue was taken by the 
U.S. Government. In December 1g77, a compromise between the U.S. Government 
~with the assistance of the Alaska Eskimo Whaling Commission IAEWCl) and the 
IWC was affected, and a quota system on number of whales struck and number 
landed was instituted (Tillman lg8o). 

I'1 March, 1g81, the AEWC signed a cooperative agreement with the National 
Oceanic and Atmospheric Administration (NOAA) to aid NOAA in monitoring the 
bowhead whale hunt for the next 2 years (Tundra Times l April Jg8l). The 
quotas are set annually based on the most recent findings on population 
status by the scientific community and the needs of the Alaskan Eskimos. 
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Since there is open water along the coast of Alaska in fall, bowheads are 
not dependent upon ice leads as corridors for travel, so they are able to 
remain closer to the coastline. Recent studies by the Naval Ocean Systems 
Center (NOSC) for the Bureau of Land Management (BLM) have added to the 
limited knowledge of the fall migration. Aerial surveys were conducted in 
August, September, and October, 1979, to study the behavior and movements of 
whales migrating through the Beaufort Sea. Whales were sighted primarily 
along the 10 fathom/20 m line. 

The locations of whales sighted near the ANWR study area in 1979 are shown 
in Fig. 39. On 24 September, 1979, in a small area near Demarcation Bay, 35 
bowheads were seen in 10 observations of whale groups ranging in size from l 
to 10 individuals. On 26 September, 40 individuals were seen in 14 
different groups (Fig. 39). These groups seemed to be moving in a 
non-directional manner, suggesting that the whales may have been feeding in 
that area (Ljungblad et al. 1980). The presence of food in the stomachs of 
whales harvested in Kaktovik, just west of Demarcation Bay, supports this 
hypothesis. Bowheads appear to migrate more slowly in the fall than in the 
spring, apparently because they are feeding throughout the migration. 

Impacts of Existing Processes and Activities. 

Bowhead whales have been harvested by Alaskan Eskimos for at least 2, 000 
years (Bockstoce 1978 as cited by Tillman 1980). In addition, Yankee 
whalers were active in the Arctic Ocean from 1848 to 1915 and killed 
approximately 8,852 whales (Bockstoce 1978, as cited by Tillman 1980). The 
International Whaling Commission (IWC) banned commercial whaling in 1947 and 
since then only hunting by natives has been allowed. 

The bowhead whale is considered an endangered species. Mitchell (1977) 
estimated that the western arctic population has been reduced to 7 to 11% of 
its original size. Under conditions of the Endangered Species Act of 1973 
and the Marine Mammal Protection Act of 1972, continued harvest by Alaskan 
Eskimos for subsistence purposes was allowed providing that waste did not 
occur. 

In 1972, the Scientific Committee of the IWC became concerned that the 
effect of Native hunting on the population was not known. Therefore, the 
National Marine Fisheries Service (NMFS) began a study in 1973 to determine 
the extent of the harvest and to gather data on population size, 
distribution, and abundance of whales. The results of the harvest study 
alarmed IWC members: in 1976, 48 bowhead whales were struck and landed and 
an additional 43 were struck and lost, for a total of 91 whales struck. 
They recommended that the whaling cease completely. In 1977, lll bowhead 
whales were struck (29 landed) before action on the issue was taken by the 
U.S. Government. In December 1977, a compromise between the U.S. Government 
(with the assistance of the Alaska Eskimo Whaling Commission rAEWCl) and the 
IWC was affected, and a quota system on number of whales struck and number 
landed was instituted (Tillman 1980). 

In March, 1981, the AEWC signed a cooperative agreement with the National 
Oceanic and Atmospheric Administration (NOAA) to aid NOAA in monitoring the 
bowhead whale hunt for the next 2 years (Tundra Times l April 1981). The 
quotas are set annually based on the most recent findings on population 
status by the scientific community and the needs of the Alaskan Eskimos. 
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The quota for 1981 was 17 whales landed and 32 strikes; for 1982 was 18 
landed and 19 strikes; for 1983 was 9 landed and 18 strikes; for 1984 was 25 
strikes; and for 1985 was 18 strikes. The only whaling community near the 
ANWR study area is Kaktovik, whose residents hunt whales during their fall 
migration. Kaktovik hunters filled their quota of 3 whales in 1981. For 
more information on Eskimo whaling see Chapter 7, Subsistence section. 

Natural impacts to whales may include suffocation from entrapment under the 
ice or starvation from lack of access to feeding areas (Eberhardt and 
EreiHick 1980, Ljungblad et al. 1981). Bowhead whales have few parasites 
and strandings are infrequent (Marquette 1977). The killer whale is the 
only suspected natural predator. 

Data Gaps 

Every aspect of the bowhead Hhale's biology, habitat, distribution, and 
population size need further study and clarification. 

Beluga Whales (Delphinapterus leucas) and Incidental Species of Marine 

Mammals 

Beluga whales utilize the waters of the Beaufort Sea north of the ANWR study 
area during their spring migration to feeding and calving grounds in the 
Amundsen Gulf and Mackenzie River delta, and the subsequent fall migration 
back to wintering grounds in the Bering and Chukchi Seas. The route and 
timing of the spring migration is similar to that of the bowhead whales 
shown in Fig. 31 (Sergeant and Hoek 1974, Fraker 1979). The westward 
migration to the wintering grounds occurs in late August and September 
(Fraker et al. 1978). Although some beluga Hhales are present in the 
nearshore waters of the Beaufort Sea during their fall migration, most 
follow the edge of the ice pack (Seaman et al. 1981). Beluga whales are not 
actively hunted by Natives in Kaktovik, but are taken if they are 
encountered during the boVJhead whale hunt (See Chapter 7, Subsistence 
section). 

Gray whales (Eschrichtius robustus), spotted seals, (Phoca largha), and 
Halrus ( Odobenus rosmarus) are occasionally found in the portion of the 
Beaufort Sea north of the ANWR study area. Walrus are uncommon in spring, 
summer, and fall, and spotted seals are uncommon in summer (Burns et al. 
1980). For information regarding the occurrence of gray whales along the 
Alaskan coast, see Maher (1960), Marquette and Braham (1980), and Rugh and 
Fraker (1981). Since the central Beaufort Sea is on the fringe of the 
ranges of these species, they are not discussed in detail. 

Predators 

Predators using the ANWR study area include brown bear, wolf, arctic fox, 
red fox, wolverine, ermine, and least weasel. The following materials 
present the current knowledge for the above species. 

BroVJn Bear (Ursus arctos) 

Brown bear populations in North America have continually declined as human 
occupancy and development increased in brown bear habitat (Herrero 1972, 
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Stebler 1972). These declines were not retreats from occupied habitat into 
more remote areas, but rather an extermination of brown bears in those areas 
being newly occupied by man (Jonkel 1970, as cited by Kucera 1974). Brown 
bears now exist in greatly reduced numbers and in restricted regions in the 
northwestern portions of the contiguous United States (Storer and Tevis 
1955, Craighead and Craighead 1967, as cited by Reynolds 1979, Cowan 1972, 
Herrero 1972). Canadian populations are more common and widespread, Hi th 
large areas in the western and northern territories being occupied (Kucera 
1974, Pearson 1975). In Alaska, brown bears occur throughout the state and 
are managed as a big game species by the Alaska Department of Fish and Game 

(Quimby and Snarski 1974). 

Two subspecies of brown bears occur in Alaska, with Q· ~· Middendorffi being 
restricted to Kodiak, Afognak, and Shuyak islands, and Q·~· horribilis 
occurring throughout the remainder of the state (Rausch 1963). The 
distribution and abundance of brown bears in northern Alaska Has 
investigated by Crook (1971) as a result of impending oil and gas 
development on the North Slope. Concern for the potential effects of this 
development upon northern broHn bear populations and various gas pipeline 
routing proposals focused research efforts on these populations. Research 
projects conducted for the Arctic Gas studies described broHn bear 
occurrence and use adjacent to the ANWR study area. Additional data are 
also available from studies of brown bear in National Petroleum Reserve -
Alaska (NPR-A) in the northwestern Alaska. The baseline study program 
included a 4 year study of brown bears that use the ANWR coastal plain study 

area. 

Populations 

Brown bears occurring north of the Brooks Range in Alaska are at the 
northern extent of the species range. These populations are characterized 
as having loH reproductive potential, short periods of food availability, 
large individual home ranges, and habitats that provide little protective 

cover (Reynolds et al. 1976, Reynolds 1979). 

Adult brown bears in the northern Yukon Terri tory and northern Alaska are 
comparable in size to those in the interior of southern Yukon Territory 
(Table 18). Adult males associated with the Canning River drainage in 
Alaska and the northern Yukon Territory were somewhat heavier than their 
counterparts in northwestern Alaska and the ANWR coastal plain although 
adult females averaged approximately the same weights in all 3 areas. 
Pearson (1976) noted that adult bears captured in September in the northern 
Yukon Territory were considerably heavier than adult bears captured 110 days 
earlier in May. He reported average weights for adult males captured in 
September as being 83 kg heavier than May captures, with adult females 
captured in September being 60 kg heavier than May captures. Curatolo and 
Moore (1975) recorded an average weight gain of 17% from spring to fall for 
6 bears in northeastern Alaska. Weight gains varied from a low of 4% for a 
sow with 2 yearlings to a high of 41% for a solitary female. This seasonal 
weight increase was interpreted as an adaptation to survive the rigorous 
winter conditions. All weights of beats captured on the ANWR coastal plain 
were spring weights, therefore, the apparent smaller size of adult miles may 

not be as pronounced as these data indicate. 
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The quota for 1981 was 17 whales landed and 32 strikes; for 1982 was 18 
landed and 19 strikes; for 1983 was 9 landed and 18 strikes; for 1984 was 25 
strikes; and for 1985 was 18 strikes. The only whaling community near the 
ANWR study area is Kaktovik, whose residents hunt whales during their fall 
migration. Kaktovik hunters filled their quota of 3 whales in 1981. For 
more information on Eskimo whaling see Chapter 7, Subsistence section. 

Natural impacts to whales may include suffocation from entrapment under the 
ice or starvation from lack of access to feeding areas (Eberhardt and 
EreivJick 1980, Ljungblad et al. 1981). Bowhead whales have few parasites 
and strandings are infrequent (Marquette 1977). The killer whale is the 
only suspected natural predator. 

Data Gaps 

Every aspect of the bowhead whale's biology, habitat, distribution, and 
population size need further study and clarification. 

Beluga Whales (Delphinapterus leucas) and Incidental Species of Marine 
Mammals 

Beluga whales utilize the waters of the Beaufort Sea north of the ANWR study 
area during their spring migration to feeding and calving grounds in the 
Amundsen Gulf and Mackenzie River delta, and the subsequent fall migration 
back to wintering grounds in the Bering and Chukchi Seas. The route and 
timing of the spring migration is similar to that of the bowhead whales 
shown in Fig. 31 (Sergeant and Hoek 1974, Fraker 1979). The westward 
migration to the wintering grounds occurs in late August and September 
(Fraker et al. 1978). Although some beluga whales are present in the 
nearshore waters of the Beaufort Sea during their fall migration, most 
follow the edge of the ice pack (Seaman et al. 1981). Beluga whales are not 
actively hunted by Natives in Kaktovik, but are taken if they are 
encountered during the bowhead whale hunt (See Chapter 7, Subsistence 
section). 

Gray whales (Eschrichtius robustus), spotted seals, (Phoca largha), and 
walrus ( Odobenus rosmarus) are occasionally found in the portion of the 
Beaufort Sea north of the ANWR study area. Walrus are uncommon in spring, 
summer, and fall, and spot ted seals are uncommon in summer (Burns et al. 
1980). For information regarding the occurrence of gray whales along the 
Alaskan coast, see Maher (1960), Marquette and Braham (1980), and Rugh and 
Fraker (1981). Since the central Beaufort Sea is on the fringe of the 
ranges of these species, they are not discussed in detail. 

Predators 

Predators using the ANWR study area include brown bear, wolf, arctic fox, 
red fox, wolverine, ermine, and least weasel. The following materials 
present the current knowledge for the above species. 

Brown Bear (Ursus arctos) 

Brown bear populations in North America have continually declined as human 
occupancy and development increased in brown bear habitat (Herrero 1972, 
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Stebler 1972). These declines were not retreats from occupied habitat into 
more remote areas, but rather an extermination of brown bears in those areas 
being newly occupied by man (Jonkel 1970, as cited by Kucera 1974). Brovm 
bears now exist in greatly reduced numbers and in restricted regions in the 
northwestern portions of the contiguous United States (Storer and Tevis 
1955, Craighead and Craighead 1967, as cited by Reynolds 1979, Cowan 1972, 
Herrero 1972). Canadian populations are more common and widespread, with 
large areas in the western and northern territories being occupied (Kucera 
1974, Pearson 1975). In Alaska, brown bears occur throughout the state and 
are managed as a big game species by the Alaska Department of Fish and Game 
(Quimby and Snarski 1974). 

Two subspecies of brown bears occur in Alaska, with Q. ~· Middendorffi being 
restricted to Kodiak, Afognak, and Shuyak islands, and Q.~. horribilis 
occurring throughout the remainder of the state (Rausch 1963). The 
distribution and abundance of brown bears in northern Alaska was 
investigated by Crook (1971) as a result of impending oil and gas 
development on the North Slope. Concern for the potential effects of this 
development upon northern brown bear populations and various gas pipeline 
routing proposals focused research efforts on these populations. Research 
projects conducted for the Arctic Gas studies described brown bear 
occurrence and use adjacent to the ANWR study area. Additional data are 
also available from studies of brown bear in National Petroleum Reserve -
Alaska (NPR-A) in the northwestern Alaska. The baseline study program 
included a 4 year study of brown bears that use the ANWR coastal plain study 
area. 

Populations 

Brown bears occurring north of the Brooks Range in Alaska are at the 
northern extent of the species range. These populations are characterized 
as having low reproductive potential, short periods of food availability, 
large individual home ranges, and habitats that provide little protective 
cover (Reynolds et al. 1976, Reynolds 1979). 

Adult brown bears in the northern Yukon Terri tory and northern Alaska are 
comparable in size to those in the interior of southern Yukon Terri tory 
(Table 18). Adult males associated with the Canning River drainage in 
Alaska and the northern Yukon Terri tory were somewhat heavier than their 
counterparts in northwestern Alaska and the ANWR coastal plain although 
adult females averaged approximately the same weights in all 3 areas. 
Pearson (1976) noted that adult bears captured in September in the northern 
Yukon Territory were considerably heavier than adult bears captured 110 days 
earlier in May. He reported average weights for adult males captured in 
September as being 83 kg heavier than May captures, with adult females 
captured in September being 60 kg heavier than May captures. Curatolo and 
Moore (1975) recorded an average weight gain of 17% from spring to fall fo~ 
6 bears in northeastern Alaska. Weight gains varied from a low of 4% for a 
sow with 2 yearlings to a high of 41% for a solitary female. This seasonal 
weight increase was interpreted as an adaptation to survive the rigorous 
winter conditions. All weights of beats captured on the ANWR coastal plain 
were spring weights, therefore, the apparent smaller size of adult miles may 
not be as pronounced as these data indicate. 
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Table 18. Average weights (kg) of adult brown bears in northern Alaska and 
Yukon Territory. 

Location and sex 

Interior-southern 
Yukon Territory: 

Male 
Female 

Northern Yukon Territory: 
Male 
Female 

Canning River Drainage, 
Northeast Alaska: 

Male 
Female 

ANWR coastal plain, 
Northeast Alaska: 

Male 
Female 

Northwestern Alaska 
Male 
Female 

Sample 
size 

40 
21 

25 
31 

18 

54 
65 

19 
24 

Density, Home Range and Movements 

Average Weight 
weight range Source 

139 
95 

169 
lll 

180 
109 

139 
94 

167 
lll 

106-240 
74-124 

136-268 
88-141 

Pearson 1975 

Pearson 1976 

Reynolds 1976 

93-202 Garner et al. l986a 
68-127 

107-218 
84-177 

Reynolds 1980 

Population densities of brown bears are low throughout their range, however, 
in northern Alaska, brown bear populations are especially sparse (Table 
19). The wide range in densities of brown bear populations on the north 
slope is attributed to several factors. The difficulty in censusing brown 
bears in northern Alaska is a major problem and was discussed by Crook 
( 1971). A direct count method was used to census bears along the Canning 
River in northeast Alaska (Quimby l974a, Quimby and Snarski 1974, Reynolds 
1976) and in the southwestern portion of NPR-A in northwestern Alaska 
(Reynolds 1979, 1980). This technique provided the most reliable data, but 
was expensive, time consuming, and area specific. Reynolds (1979, 1980) 
used direct count data from these 2 areas for extrapolating a population 
estimate for the entire NPR-A (Table 19). Another factor influencing bear 
densities between areas on the north slope is food availability and the 
seasonal variations in that availability. Reynolds (1979, 1980) and Garner 
(In Press) attributed the relatively high density of bears in northwestern 
NPR-A to the high seasonal availability (early summer) of caribou in the 
form of both prey and carrion. Bears respond readily to newly available 
food sources and the timing of survey efforts can greatly influence the 
number of bears detected and subsequent density estimates. Reynolds and 
Garner (In Press) also attributed the high density of bears in northeastern 
ANWR to the seasonal availability of PH caribou in early summer. 
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Table 19. Summary of reported brown bear population densities in North America. 

Estimated density 
(km2 per bear) 

21.2 

80-150 

22.7-27.1 

28.5 

48 

106-175 

1.5 

24.4-38.5 

43 

120-148 

142 

228 

284.9 

90 
130 
260 
780 

63 

Area 

Contiguous States: 
Montana, Glacier National Park 

Wyoming, Yellowstone National Park 

Canada: 
southern Yukon Territory 

References 

Martinka 1974 

Craighead et al. 
1974, as cited by 
Curatolo and Moore 
1975 

Pearson 1972, 1975 

British Columbia, Glacier National Park Mundy and Flook 1973, 
as cited by Curatolo 

northern Yukon Territory 

Richard Island, Northwest Territory 

Alaska: 
Kodiak Island 

Mount McKinley National Park 

northern foothills, northwestern 
Brooks Range 

northeastern Alaska, Canning R. 
drainage 

north slope of northeast Alaska 

central Brooks Range 

central Brooks Range 

north slope of Alaska: 
a. low foothills 
b. high foothills 
c. mountains 
d. coastal plain 

coastal plain, northern 
foothills, and adjacent 
high foothills on ANWR 

~309 

and Moore 1975 

Pearson 1976 

Harding 1976 

Troyer and Hensel 1964 

Dean 1976 

Reynolds 1979, 1980, 
In Press 

Quimby 1974, Quimby 
and Snarski 1974, 
Reynolds 1976 

Curatolo 
1975 

Crook 1971 

and Moore 

Crook 1972, as cited 
by Curatolo and Moore 
1975 

Reynolds 1979, 1980 

Garner et al. 1984, 



Table 18. Average weights (kg) of adult brown bears in northern Alaska and 
Yukon Territory. 

Location and sex 

Interior-southern 
Yukon Territory: 

Male 
Female 

Northern Yukon Territory: 
Male 
Female 

Canning River Drainage, 
Northeast Alaska: 

Male 
Female 

ANWR coastal plain, 
Northeast Alaska: 

Male 
Female 

Northwestern Alaska 
Male 
Female 

Sample 
size 

40 
21 

25 
31 

18 

54 
65 

19 
24 

Density, Home Range and Movements 

Average Weight 
weight range 

139 
95 

169 
lll 

180 
109 

106-240 
74-124 

136-268 
88-141 

Source 

Pearson 1975 

Pearson 1976 

Reynolds 1976 

139 
94 

93-202 Garner et al. l986a 
68-127 

167 
lll 

107-218 
84-177 

Reynolds 1980 

Population densities of brown bears are low throughout their range, however, 
in northern Alaska, brown bear populations are especially sparse (Table 
19). The wide range in densities of brown bear populations on the north 
slope is attributed to several factors. The difficulty in censusing brown 
bears in northern Alaska is a major problem and was discussed by Crook 
(1971). A direct count method was used to census bears along the Canning 
River in northeast Alaska (Quimby l974a, Quimby and Snarski 1974, Reynolds 
1976) and in the southwestern portion of NPR-A in northwestern Alaska 
(Reynolds 1979, 1980). This technique provided the most reliable data, but 
was expensive, time consuming, and area specific. Reynolds ( 1979, 1980) 
used direct count data from these 2 areas for extrapolating a population 
estimate for the entire NPR-A (Table 19). Another factor influencing bear 
densities between areas on the north slope is food availability and the 
seasonal variations in that availability. Reynolds (1979, 1980) and Garner 
(In Press) attributed the relatively high density of bears in northwestern 
NPR-A to the high seasonal availability (early summer) of caribou in the 
form of both prey and carrion. Bears respond readily to newly available 
food sources and the timing of survey efforts can greatly influence the 
number of bears detected and subsequent density estimates. Reynolds and 
Garner (In Press) also attributed the high density of bears in northeastern 
ANWR to the seasonal availability of PH caribou in early summer. 
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Table 19. Summary of reported brown bear population densities in North America. 

Estimated density 
(km2 per bear) 

21.2 

80-150 

22.7-27.1 

28.5 

48 

106-175 

1.5 

24.4-38.5 

43 

120-148 

142 

228 

284.9 

90 
130 
260 
780 

63 

Area 

Contiguous States: 
Montana, Glacier National Park 

Wyoming, Yellowstone National Park 

Canada: 
southern Yukon Territory 

References 

Martinka 1974 

Craighead et al. 
1974, as cited by 
Curatolo and Moore 
1975 

Pearson 1972, 1975 

British Columbia, Glacier National Park Mundy and Flook 1973, 
as cited by Curatolo 

northern Yukon Territory 

Richard Island, Northwest Territory 

Alaska: 
Kodiak Island 

Mount McKinley National Park 

northern foothills, northwestern 
Brooks Range 

northeastern Alaska, Canning R. 
drainage 

north slope of northeast Alaska 

central Brooks Range 

central Brooks Range 

north slope of Alaska: 
a. low foothills 
b. high foothills 
c. mountains 
d. coastal plain 

coastal plain, northern 
foothills, and adjacent 
high foothills on ANWR 

:)09 

and Moore 1975 

Pearson 1976 

Harding 1976 

Troyer and Hensel 1964 

Dean 1976 

Reynolds 1979, 1980, 
In Press 

Quimby 1974, Quimby 
and Snarski 1974, 
Reynolds 1976 

Curatolo 
1975 

Crook 1971 

and Moore 

Crook 1972, as cited 
by Curatolo and Moore 
1975 

Reynolds 1979, 1980 

Garner et al. 1984, 



Densities of brown bear on the ANWR study area were believed to be low by 
Curatolo and Moore (1975), however, the results of the current study program 
indicates a relatively high density of brown bears (Table 19). The 
drainages between the Canning River on the west and the Kongakut River on 
the east were believed to have lower densities than those reported for the 
Canning River (Quimby l974a), but the recent study results indicate that 
densities in the ANWR study area are 1.0- 2.3 times higher than those 
reported for the Canning River. 

Brown bears have large cumulative home ranges with the largest occurring in 
northwestern Alaska (Table 20). Reynolds 0980) concluded that the large 
home range size of brown bears in northwestern Alaska was an indication of 
the relatively low quality and short period of food availability on the 
north slope of the Brooks Range. Unlike home ranges reported in Yellowstone 
(Craighead 1976) , most brown bear home ranges in northern Alaska were not 
made up of 2 distinct components (summer range, and fall/spring range which 
included the den site), connected by a migratory corridor. In northern 
Alaska, the majority of brown bear home ranges included the den site or the 
den site was immediately adjacent to the home range (Curatolo and Moore 
1975, Reynolds 1980, Garner et al. 1983). 

Table 20. Cumulative home range for brown bears in North America (adapted 
from Reynolds 1980). 

Sample 
Locality and reference Sex size 

Yellowstone Park, Wyoming M 6 
(Craighead 1976) F 14 

Western Montana M 3 
(Rockwell et al. 1978, as cited F 1 
by Reynolds 1980) 

Southwestern Yukon M 5 
(Pearson 1975) F 8 

Northern Yukon M 9 
(Pearson 1975) F 12 

Northwestern Alaska M 8 
(Reynolds 1980) F 18 

Mean cumulative home 
range size (km2)a 

161 
73 

513 
104 

287 
86 

414 

73 

1350 
344 

a cumulative home range size determinations were made using the minimum 
area method (Mohr 1947). 

Yearly nome ranges of brown bears along the Canning River in northeastern 
Alaska (Curatolo and Moore 1975) were larger than yearly ranges in 
northwestern Alaska (Reynolds 1979, 1980). Yearly range sizes were 
determined using Curatolo and Moore's ( 1975) modification of the exclusive 
boundary strip method described by Stickel 0954). This method of home 
range calculation is based upon the approximate size of daily movements and 
the resulting home ranges do not include large expanses of area in which no 
locations were recorded. Male bears in northeastern Alaska had an average 
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yearly range of 702 km2 (n=5), compared to males in northwestern Alaska 
with an average yearly range 510 km2 (n=7). Female bears in northeastern 
Alaska had an average yearly range of 319 km2 (n=8), compared to an 
average yearly range of 269 km2 (n=l6) for female bears in northwestern 
Alaska. Reynolds ( 1980) specula ted that these differences in yearly home 
range sizes may reflect differences in topography. The northeastern Alaska 
study area was in more mountainous terrain than the northwestern Alaska 
study area. Another factor that may have influenced home range size was the 
availability of caribou as a food source in the northwestern Alaska study 
area. Caribou are normally not available in large numbers in the 
northeastern Alaska study area, and bears would have to depend upon ot-her 
more widely dispersed food sources. Data analysis of home range sizes of 99 
bears in the northwestern portion of ANWR are currently ongoing. 

Reproductive status of bears influenced yearly home range size (minimum area 
method) in northwestern Alaska (Reynolds 1980). Average yearly home ranges 
in order of decreasing size were: breeding males (872 km2 , range 231-1776 
km2), breeding females (290 km2, range 98-546 km2), subadult females 
(194 km2, range 88-316 km2), and females with offspring (181 km2, 
range 39-479 km2). Similar trends were noted for daily movements of brown 
bears in northeastern Alaska. Brown bears may move long distances during 
short periods of time, ranging from 16 3 km for adult males to 18 km for 
subadult females (Reynolds 1980); however, normal daily movements are 
relatively small, with 6 males averaging 6 km and 11 females averaging 4 km 
(Reynolds 1980). 

Observations of brown bears on the study area were recorded in 1970 by Crook 
(1971); in 1971 by Jakimchuk et al. (1974) and Schweinsburg (1974); in 1972 
by Valkenburg et al. (1972), Quimby and Snarski 0974), Ruttan (l974a), and 
Magoun (1976); in 1973 by Doll et al. (1974b); 1977 by Magoun and Robus 
0977), and in 1982-1985 by Garner et al. (1983, 1984, 1985, 1986a). During 
surveys of the PH calving grounds, personnel from the Yukon Wildlife Branch 
routinely recorded all brown bear observation in late May and early June of 
1978, 1979, and 1981 - 1985. ANWR personnel also recorded brown bear 
observations during post-calving surveys in June 1981-1985. In general, 
brown bears appeared on the coastal plain in late May or early June, with 
the majority of sightings occurring during June and July. Bear sightings 
were common in the foothills habitat extending from south of Barter Island 
west into Canada prior to 1982. The highest number of bear observations was 
usually the area lying between the Aichilik River on the west and the 
Canadian border on the east. The baseline study program revealed 2 high 
density areas on the ANWR coastal plain and foothills. The first area is 
the Jago-Bity area and includes the area around the large island. This area 
extends from the high foothills in the south to the junction of the Jago and 
Okerokovik River on the north, from the Okpuirak River on the coast to the 
Aichilik River on the east. The second high density area is the Kongakut 
River caribou pass area. This area extends from the Clarence River on the 
east to the Ekaluakut River on the west, and from the Kongakut River at its 
confluences with Pajlik Creek on the south to the coastline on the north at 
Demarcation Bay. 

Productivity 

Sex ratios reported by by Reynolds 1974, 1976, and Curatolo and Moore (1975) 
for northeastern Alaska brown bears was approximately 50:50 for both adults 
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Densities of brown bear on the ANWR study area were believed to be low by 
Curatolo and Moore (1975), however, the results of the current study program 
indicates a relatively high density of brown bears (Table 19). The 
drainages between the Canning River on the west and the Kongakut River on 
the east were believed to have lower densities than those reported for the 
Canning River (Quimby l974a), but the recent study results indicate that 
densities in the ANWR study area are 1.0- 2.3 times higher than those 
reported for the Canning River. 

Brown bears have large cumulative home ranges with the largest occurring in 
northwestern Alaska (Table 20). Reynolds 0980) concluded that the large 
home range size of brown bears in northwestern Alaska was an indication of 
the relatively low quality and short period of food availability on the 
north slope of the Brooks Range. Unlike home ranges reported in Yellowstone 
(Craighead 1976), mast brown bear home ranges in northern Alaska were not 
made up of 2 distinct components (summer range, and fall/spring range which 
included the den site), connected by a migratory corridor. In northern 
Alaska, the majority of brown bear home ranges included the den site or the 
den site was immediately adjacent to the home range (Curatolo and Moore 
1975, Reynolds 1980, Garner et al. 1983). 

Table 20. Cumulative home range for brown bears in North America (adapted 
from Reynolds 1980). 

Sample 
Locality and reference Sex size 

Yellowstone Park, Wyoming M 6 
(Craighead 1976) F 14 

Western Montana M 3 
(Rockwell et al. 1978, as cited F l 
by Reynolds 1980) 

Southwestern Yukon M 5 
(Pearson 1975) F 8 

Northern Yukon M 9 
(Pearson 1975) F 12 

Northwestern Alaska M 8 
(Reynolds 1980) F 18 

Mean cumulative home 
range size (km2)a 

161 
73 

513 
104 

287 
86 

414 

73 

1350 
344 

a cumulative home range size determinations were made using the minimum 
area method (Mohr 1947). 

Yearly home ranges of brown bears along the Canning River in northeastern 
Alaska (Curatolo and Moore 1975) were larger than yearly ranges in 
northwestern Alaska (Reynolds 1979, 1980). Yearly range sizes were 
determined using Cura tala and Moore's 0975) modification of the exclusive 
boundary strip method described by Stickel 0954). This method of home 
range calculation is based upon the approximate size of daily movements and 
the resulting home ranges do not include large expanses of area in which no 
locations were recorded. Male bears in northeastern Alaska had an average 
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yearly range of 702 km2 (n=5), compared to males in northwestern Alaska 
with an average yearly range 510 km2 (n=7). Female bears in northeastern 
Alaska had an average yearly range of 319 km2 (n=8), compared to an 
average yearly range of 269 km2 (n=l6) for female bears in northwestern 
Alaska. Reynolds 0980) specula ted that these differences in yearly home 
range sizes may reflect differences in topography. The northeastern Alaska 
study area was in more mountainous terrain than the northwestern Alaska 
study area. Another factor that may have influenced home range size was the 
availability of caribou as a food source in the northwestern Alaska study 
area. Caribou are normally not available in large numbers in the 
northeastern Alaska study area, and bears would have to depend upon other 
more widely dispersed food sources. Data analysis of home range sizes of 99 
bears in the northwestern portion of ANWR are currently ongoing. 

Reproductive status of bears influenced yearly home range size (minimum area 
method) in northwestern Alaska (Reynolds 1980). Average yearly home ranges 
in order of decreasing size were: breeding males (872 km2 , range 231-1776 
km2), breeding females (290 km2, range 98-546 km2), subadult females 
(194 km2, range 88-316 km2), and females with offspring (181 km2, 
range 39-479 km2). Similar trends were noted for daily movements of brown 
bears in northeastern Alaska. Brown bears may move long distances during 
short periods of time, ranging from 163 km for adult males to 18 km for 
subadult females (Reynolds 1980); however, normal daily movements are 
relatively small, with 6 males averaging 6 km and 11 females averaging 4 km 
(Reynolds 1980). 

Observations of brown bears on the study area were recorded in 1970 by Crook 
(1971); in 1971 by Jakimchuk et al. (1974) and Schweinsburg (1974); in 1972 
by Valkenburg et al. (1972), Quimby and Snarski (1974), Ruttan (l974a), and 
Magoun (1976); in 1973 by Doll et al. 0974b); 1977 by Magoun and Robus 
(1977), and in 1982-1985 by Garner et al. (1983, 1984, 1985, l986a). During 
surveys of the PH calving grounds, personnel from the Yukon Wildlife Branch 
routinely recorded all brown bear observation in late May and early June of 
1978, 1979, and 1981 - 1985. ANWR personnel also recorded brown bear 
observations during post-calving surveys in June 1981-1985. In general, 
brown bears appeared on the coastal plain in late May or early June, with 
the majority of sightings occurring during June and July. Bear sightings 
were common in the foothills habitat extending from south of Barter Island 
west into Canada prior to 1982. The highest number of bear observations was 
usually the area lying between the Aichilik River on the west and the 
Canadian border on the east. The baseline study program revealed 2 high 
density areas on the ANWR coastal plain and foothills. The first area is 
the Jago-Bity area and includes the area around the large island. This area 
extends from the high foothills in the south to the junction of the Jago and 
Okerokovik River on the north, from the Okpuirak River on the coast to the 
Aichilik River on the east. The second high density area is the Kongakut 
River caribou pass area. This area extends from the Clarence River on the 
east to the Ekaluakut River on the west, and from the Kongakut River at its 
confluences with Pajlik Creek on the south to the coastline on the north at 
Demarcation Bay. 

Productivity 

Sex ratios reported by by Reynolds 1974, 1976, and Curatolo and Moore (1975) 
for northeastern Alaska brown bears was approximately 50:50 for both adults 
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(ages 5 years or older) and young (ages l-4 years). Reynolds (1980) 
recorded sex ratios that slightly favored females in both age categories 
(45% males and 55% females for young bears; 43% males and 57% females for 
adults). The northeastern populations are subject to sport hunting 
mortality, which normally is heaviest on males (72% of hunter killed bears 
in Game Management Unit 26 were males between 1962-1976, Reynolds 1980). 

Age ratio data presented by Reynolds (1976) for northeastern Alaska 
indicated a low percentages of cubs (7 .9%) and 3-4 year old bears (5.0%). 
Adult bears comprised 65.3% of the population. In contrast, Reynolds (1980) 
detected 13.0% cubs, 10.7% 3-4 year olds, and 51.9% adult bears in the 
population in northwestern Alaska. Based on these data, Reynolds (1980) 
concluded that the northeastern Alaskan brown bear populations was 
declining, while the status of the northwestern population was uncertain. 
Maximum age of northeast Alaska bears was 28 years for 23 males and 22 years 
for 24 females (Curatolo and Moore 1975). In northwest Alaska, maximum age 
was 20.5 years for 23 adult males and 27.5 years for 30 adult females 
(Reynolds 1980). On ANWR in 1985, 19.0% of the population were cubs, 16.8% 
were 3-4 year olds, and 48.2% were adults. Garner et al. 0986a) concluded 
that the populations were stable or increasing slightly. Maximum age of 27 
adult males in ANWR was 23 years and maximum age of 39 adult females was 25 
year. 

Sexual maturity of female brown bears on Kodiak Island and the Alaska 
Peninsula occurs between 3 and 6 years of age (Hensel et al. 1969), while 
brown bears in northeast Alaska do not successfully produce offspring until 
6 to 12 years of age (Reynolds 1976 Garner et al. 1985 and l986a). Breeding 
season normally extends from May through July, implantation is delayed and 
cubs are presumably born in January or early February in the winter den 
(Hensel et al. 1969). Female brown bears in northern Alaska are long-lived, 
with a potential for being reproductively active for 19 years in 
northwestern Alaska (Reynolds 1980) and 15 to 16 years in northeastern 
Alaska (Curatolo and Moore 1975, Reynolds 1976, Garner et al. 1984). 

The reproductive interval (time between breeding and weaning of offspring) 
was 4.03 years in northwest Alaska (Reynolds 1980) and at least 4 and 
possibly 5 years in northeast Alaska (Curatolo and Moore 1975). Pearson 
( 1972, 1975) recorded a 3-4 year reproductive interval for brown bears in 
the southern interior of the Yukon Territory, while a 4 year reproductive 
interval was reported for brown bears in the northern Yukon Territory 
(Pearson 1976). Preliminary analysis indicated a minimum reproduction 
interval of 3.6 years on ANWR (Garner et al. 1984). 

Litter size for brown bears ranges between 1.58 and 2.34 cubs per litter 
(Table 21), with litter sizes in northeast Alaska being lower than most 
other localities in North America. Average litter size for 30 litters in 
northeastern ANWR from 1982-1985 was 2.0 cubs per litter (Garner et al. 
l986a). When low litter size, longer reproductive interval, older age at 
sexual maturity, and shorter potential reproductive period are combined, the 
overall low productivity of brown bears in northeast Alaska is apparent. 
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Table 21. 

Litter size 

2.3-2.1 
2.3 
2.3 
2.2 
2.1-1.8 
2.0 
2.0 

1.8 
1.8 

1.8 

1.7 
1.6 

1.6 
2.0 

Mortality 

Reported litter sizes for brown bears in North America (Adapted 
from Curatolo and Moore 1975). 

Location 

Yellowstone National Park, Wyoming 
Southcentral Alaska 
Kodiak Island, Alaska 
Kodiak Island and Alaska Peninsula 
central Brooks Range, Alaska 
northwest Alaska, NPR-A 
Glacier National Park, British 
Columbia 
Mount McKinley National Park, Alaska 
Arctic Mountain, Northern Yukon 
Territory 
northeastern Alaska, Canning River 

Glacier National Park, Montana 
Canning River drainage, Alaska 
(mountainous portion) 
southern Yukon Territory 
ANWR study area, northeast Alaska 

Reference 

Craighead et al. 1974 
Glenn and Miller 1970 
Troyer and Hensel 1964 
Hensel et al. 1969 
Crook 1972 
Reynolds 1980 
Mundy and Flook 1973 

Dean 1976 
Pearson 1976 

Curatolo and Moore 1975, 
and Reynolds 1976 
Martinka 1974 
Quimby l974a 

Pearson 1972, 1975 
Garner et al. 1986 

Pearson (1976) indicated that normal mortality factors such as disease, 
parasites, and malnutrition have little impact on brown bears. Most 
mortality factors that have been identified are either intraspecific 
mortality or man-induced mortality. Numerous researchers have documented 
that intraspecific mortality occurs in brown bears (Troyer and Hensel 1962, 
Mundy and Flook 1973, Reynolds 1974, Curatolo and Moore 1975, Pearson 1975, 
Glenn et al. 1976, Pearson 1976, Reynolds 1976, 1980). The extent of this 
mortality is unknown, however intraspecific mortality could be contributing 
to the high mortality rates in young bears in northeast Alaska (Curatolo and 
Moore 1975, Garner et al. l986a). On the ANWR study area from 1983 through 
1985, the assumed mortality rate ranged from 25.0 - 52.3% for cubs, and 57.1 
- 100.0% for yearlings. Overall, the average mortality rates for cubs and 
yearlings was 43.4% and 64.3% respectively (Garner et al. l986a). 

Some over-winter mortality has been recorded, but causes of this mortality 
are unknown (Pearson 1972). Human-induced mortality occurs as the result of 
subsistence and sport hunting. Brown bears using the ANWR study area are 
subject to both sport and subsistence hunting. Present harvest rates are 
low and range from 3 - 5 bears annually. These harvest data are for the 
Brooks Range north of the continental divide in ANWR. The portion of the 
harvest occurring on the ANWR study area is unknown. Subsistence hunting 
does occur, but brown bear are not a staple of Kaktovik subsistence hunters 

(see Chapter 7). 
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(ages 5 years or older) and young (ages l-4 years). Reynolds (1980) 
recorded sex ratios that slightly favored females in both age categories 
(45% males and 55% females for young bears; 43% males and 57% females for 
adults). The northeastern populations are subject to sport hunting 
mortality, which normally is heaviest on males (72% of hunter killed bears 
in Game Management Unit 26 were males between 1962-1976, Reynolds 1980). 

Age ratio data presented by Reynolds (1976) for northeastern Alaska 
indicated a low percentages of cubs (7.9%) and 3-4 year old bears (5.0%). 
Adult bears comprised 65.3% of the population. In contrast, Reynolds (1980) 
detected 13.0% cubs, 10.7% 3-4 year olds, and 51.9% adult bears in the 
population in northwestern Alaska. Based on these data, Reynolds 0980) 
concluded that the northeastern Alaskan brown bear populations was 
declining, while the status of the northwestern population was uncertain. 
Maximum age of northeast Alaska bears was 28 years for 23 males and 22 years 
for 24 females (Curatolo and Moore 1975). In northwest Alaska, maximum age 
was 20.5 years for 23 adult males and 27.5 years for 30 adult females 
(Reynolds 1980). On ANWR in 1985, 19.0% of the population were cubs, 16.8% 
were 3-4 year olds, and 48.2% were adults. Garner et al. ( l986a) concluded 
that the populations were stable or increasing slightly. Maximum age of 27 
adult males in ANWR was 23 years and maximum age of 39 adult females was 25 
year. 

Sexual maturity of female brown bears on Kodiak Island and the Alaska 
Peninsula occurs between 3 and 6 years of age (Hensel et al. 1969), while 
brown bears in northeast Alaska do not successfully produce offspring until 
6 to 12 years of age (Reynolds 1976 Garner et al. 1985 and l986a). Breeding 
season normally extends from May through July, implantation is delayed and 
cubs are presumably born in January or early February in the winter den 
(Hensel et al. 1969). Female brown bears in northern Alaska are long-lived, 
with a potential for being reproductively active for 19 years in 
northwestern Alaska (Reynolds 1980) and 15 to 16 years in northeastern 
Alaska (Curatolo and Moore 1975, Reynolds 1976, Garner et al. 1984). 

The reproductive interval (time between breeding and weaning of offspring) 
was 4.03 years in northwest Alaska (Reynolds 1980) and at least 4 and 
possibly 5 years in northeast Alaska (Curatolo and Moore 1975). Pearson 
( 1972, 1975) recorded a 3-4 year reproductive interval for brown bears in 
the southern interior of the Yukon Terri tory, while a 4 year reproductive 
interval was reported for brown bears in the northern Yukon Territory 
(Pearson 1976). Preliminary analysis indicated a minimum reproduction 
interval of 3.6 years on ANWR (Garner et al. 1984). 

Litter size for brown bears ranges between 1.58 and 2.34 cubs per litter 
(Table 21), with litter sizes in northeast Alaska being lower than most 
other localities in North America. Average litter size for 30 litters in 
northeastern ANWR from 1982-1985 was 2.0 cubs per litter (Garner et al. 
l986a). When low litter size, longer reproductive interval, older age at 
sexual maturity, and shorter potential reproductive period are combined, the 
overall low productivity of brown bears in northeast Alaska is apparent. 
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Table 21. 

Litter size 

2.3-2.1 
2.3 
2.3 
2.2 
2.1-1.8 
2.0 
2.0 

1.8 
1.8 

1.8 

1.7 
1.6 

1.6 
2.0 

Mortality 

Reported litter sizes for brown bears in North America (Adapted 
from Curatolo and Moore 1975). 

Location 

Yellowstone National Park, Wyoming 
Southcentral Alaska 
Kodiak Island, Alaska 
Kodiak Island and Alaska Peninsula 
central Brooks Range, Alaska 
northwest Alaska, NPR-A 
Glacier National Park, British 
Columbia 
Mount McKinley National Park, Alaska 
Arctic Mountain, Northern Yukon 
Territory 
northeastern Alaska, Canning River 

Glaeier National Park, Montana 
Canning River drainage, Alaska 
(mountainous portion) 
southern Yukon Territory 
ANWR study area, northeast Alaska 

Reference 

Craighead et al. 1974 
Glenn and Miller 1970 
Troyer and Hensel 1964 
Hensel et al. 1969 
Crook 1972 
Reynolds 1980 
Mundy and Flook 1973 

Dean 1976 
Pearson 1976 

Curatolo and Moore 1975, 
and Reynolds 1976 
Martinka 1974 
Quimby l974a 

Pearson 1972, 1975 
Garner et al. 1986 

Pearson (1976) indicated that normal mortality factors such as disease, 
parasites, and malnutrition have little impact on brown bears. Most 
mortality factors that have been identified are either intraspecific 
mortality or man-induced mortality. Numerous researchers have documented 
that intraspecific mortality occurs in brown bears (Troyer and Hensel 1962, 
Mundy and Flook 1973, Reynolds 1974, Curatolo and Moore 1975, Pearson 1975, 
Glenn et al. 1976, Pearson 1976, Reynolds 1976, 1980). The extent of this 
mortality is unknown, however intraspecific mortality could be contributing 
to the high mortality rates in young bears in northeast Alaska (Curatolo and 
Moore 1975, Garner et al. l986a). On the ANWR study area from 1983 through 
1985, the assumed mortality rate ranged from 25.0 - 52.3% for cubs, and 57.1 
-100.0% for yearlings. Overall, the average mortality rates for cubs and 
yearlings was 43.4% and 64.3% respectively (Garner et al. l986a). 

Some over-winter mortality has been recorded, but causes of this mortality 
are unknown (Pearson 1972). Human-induced mortality occurs as the result of 
subsistence and sport hunting. Brown bears using the ANWR study area are 
subject to both sport and subsistence hunting. Present harvest rates are 
low and range from 3 - 5 bears annually. These harvest data are for the 
Brooks Range north of the continental divide in ANWR. The portion of the 
harvest occurring on the ANWR study area is unknown. Subsistence hunting 
does occur, but brown bear are not a staple of Kaktovik subsistence hunters 

(see Chapter 7). 
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Habitat 

Bears are opportunistic ominvores and their habitat use patterns are a 
reflection of this foraging strategy ( Hech tel 1978, included in Reynolds 
1980). Those habitats with abundant food resources are used on an as 
available basis and bea.rs reaoily shift their areas of use when new food 
sources become available. Habitat use patterns are seasonal and begin each 
year when bears emerge from the winter dens. 

Den emergence on the north slope of Alaska and Canada begins in mid-April 
when adult males become active. Females with new cubs are not common until 
mid-May (Quimby 1974a, Ruttan 1974, Harding 1976, Garner et al. 1986a). 
This pat tern of earlier emergence by adult males is similar to brown bears 
in other areas, although the timing of emergence is usually earlier in more 
southern latitudes (March and April in Yellowstone Park, Craighead and 
Craighead 1972). Quimby (1974a) noted that bears on the south slope of the 
Brooks Range emerged several weeks later than north slope bears, but offered 
no explanation for this difference. Post-denning movements were usually 
from the den site into the major river drainages and downstream (Ruttan 
~974, Garner et al. 1986). Quimby (1974a) noted that carrion was an 
important food source at this time and that bears traveling down the Canning 
River valley in April and May were primarily using carrion and exposed 
vegetation. Linderman (1974) noted that caribou and moose carrion was 
especially important to a bear he ground tracked along the Canning River 
between 10 May and 30 June 1974. Bears also used root materials of 
Astragalus spp., Oxytropis spp., and Hedysarum spp. in May and early June 
(Quimby 1974a, Reynolds 1979, 1980), while overwintering bearberries 
(Arctostaphylos alpina) were used heavily by the ground tracked bear 
(Linderman 1974). 

During the summer months, bears appeared to move from the major river 
valleys (Curatolo and Moore 1975), dispersing to higher elevations to feed 
upon Equisetum spp. (Linderman 1974, Quimby 1974a, Reynolds 1979, 1980). In 
and adjacent to caribou calving grounds, bears use caribou both as prey and 
carrion (Reynolds and Garner In Press). Bears kill both adults and calves 
(Lent 1964; Skoog 1968; Doll et al. 1974; Reynolds 1979 and 1980; Garner et 
al. 1983, 1984, 1985, and 1986a). Brown bear densities in the vicinity of 
the Western Arctic caribou herd's calving grounds in NPR-A were estimated as 
approximately 6 times higher than estimated densities throughout the 
remainder of the north slope of the Brooks Range. This bear population was 
also more productive than bear populations studied along the Canning River 
drainage in northeastern Alaska. Reynolds ( 1980) concluded that the high 
density and increased productivity was probably due to the availability of 
caribou as carrion and prey. A similar relationship between the high bear 
?ensity on ANWR and the seasonal availability of PH caribou was hypothized 
by Reynolds and Garner (In Press). 

Bears did not extend their normal horne ranges to take advantage of caribou 
calving in NPR-A. Rather, bears were more dependent upon the caribou being 
within or moving through the bear's established horne range (Reynolds 1980). 
Pearson (1976) also did not detect a shift in horne ranges of bears to take 
advantage of migrating caribou in the Barn Mountains of the Yukon 
Terri tory. Bears in the Barn Mountains did move north along drainages in 
the spring and onto the coastal plain. Observations of brown bears in the 
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'ANWR study area also indicate a general northward movement in the late 
spring and early summer. However, on ANWR there does appear to be a shift 
in areas of home range use when caribou are present. A majority of the 
radio-collared bears that normally resided east of the Hulahula River, 
shifted their use areas north onto the coastal plain in early June. They 
usually remained in this area until caribou emigrated from the coastal plain 
in early to mid-July. Bears then gradually shifted their use areas south 
into the foothills. Several dispersing young males (4 - 7 years old) 
appeared to follow the emigrating caribou to the east (Garner et al. 
1986a). 

During August and September, bears moved back into the river valleys and 
moved upstream to denning areas (Quimby and Snarski 1974, Ruttan 1974, 
Pearson 1976). Food habits during this period consisted primarily of 
soapberries ( Shepherdia canadensis) along the Canning River (Quimby 197 4a, 
Reynolds 1974, Curatolo and Moore 1975). Excavations of arctic ground 
squirrels was also more intensive during this period, although colonies of 
these rodents are exploited by bears throughout the summer (Quimby 197 4a; 
Hechtel 1978, included in Reynolds 1980). 

Brown bears in the arctic normally enter dens during the first 2 weeks in 
October, however denning has been recorded as early as 26 September and as 
late as 7 November (Quimby 197 4a, Quimby and Snarski 197 4, Curatolo and 
Moore 1975, Reynolds et al. 1976, Reynolds 1979 and 1980). Contrary to 
brown bears denning in Yellowstone Park (Craighead and Craighead 1972), dens 
in the arctic were dug 2 or 3 days prior to entering them for the winter 
(Garner et al. 1983, 1984, 1985 and 1986a). In Yellowstone, bears often dug 
dens 4 to 6 weeks before entering them for the winter. Inclement weather, 
especially snow storms, is considered a major factor in stimulating denning 
activity (Craighead and Craighead 1972, Reynolds 1980). 

In the arctic, continuous permafrost is the rule, and bear dens are dug into 
coarse textured soils that are seasonally free of permafrost to a depth of 
at least 1.5 m (Reynolds et al. 1976, Reynolds 1980). This soil texture 
causes excavations to collapse. unless the top 10 em of soil are frozen. 
Therefore, bears in the arctic cannot dig dens until air temperatures of 
-loDe or less have frozen the upper layer of the soil (Pearson 1976, 
Reynolds 1980). Unlike dens described for bears in Yellowstone National 
Park (Craighead and Craighead 1972), Alaska peninsula (Lentfer et al. 1972), 
south slopes of mountains in the Yukon Territory (Jakimchuk et al. 1974, 
Ruttan 1974), southern Yukon Territory (Pearson 1975), Richards Island in 
the Northwest Territories (Harding 1976), and Alberta (Vroom et al. 1980), 
arctic dens did not have shrubby or woody vegetation surrounding the den 
site and providing structural support for the den chamber (Canning River and 
northeast Alaska - Quimby 1974a, Quimby and Snarski 1974, Curatolo and Moore 
1975, Reynolds et al. 1976, Garner et al. 1983, 1984, 1985, 1986a; Barn 
Mountain in Yukon Terri tory - Pearson 1976; NPR-A in northwest Alaska 
Reynolds 1979, 1980). Most dens in the arctic collapse after the top layer 
of soil thaws in the spring, therefore little reuse of dug dens occurs 
(Reynolds et al. 1976, Reynolds 1980) 

Dens are dug into slopes of foothills and mountains. In NPR-A, no 
preference for slope orientation was detected (Reynolds 1979, 1980), 
however, in northeast Alaska, 90% of the located dens were on south-facing 
slopes (Reynolds et al. 1976). In ANWR, average measured aspects of 129 
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Habitat 

Bears are opportunistic ominvores and their habitat use patterns are a 
reflection of this foraging strategy (Hechtel 1978, included in Reynolds 
1980). Those habitats with abundant food resources are used on an as 
avc.ilable basis and bears readily shift their areas of use when new food 
sources become available. Habitat use patterns are seasonal and begin each 
year when bears emerge from the winter dens. 

Den emergence on the north slope of Alaska and Canada begins in mid-April 
when adult males become active. Females with new cubs are not common until 
mid-t'1ay (Quimby l974a, Ruttan 1974, Harding 1976, Garner et al. 1986a). 
This pattern of earlier emergence by adult males is similar to brown bears 
in other areas, although the timing of emergence is usually earlier in more 
southern latitudes (March and April in Yellowstone Park, Craighead and 
Craighead 1972). Quimby (1974a) noted that bears on the south slope of the 
Brooks Range emerged several weeks later than north slope bears, but offered 
no explanation for this difference. Post-denning movements were usually 
from the den site into the major river drainages and downstream (Ruttan 
1974, Garner et al. 1986). Quimby (1974a) noted that carrion was an 
important food source at this time and that bears traveling down the Canning 
River valley in April and May were primarily using carrion and exposed 
vegetation. Linderman (1974) noted that caribou and moose carrion was 
especially important to a bear he ground tracked along the Canning River 
between 10 May and 30 June 1974. Bears also used root materials of 
Astragalus spp., Oxytropis spp., and Hedysarum spp. in May and early June 
(Quimby l974a, Reynolds 1979, 1980), while overwintering bearberries 
(Arctostaphylos alpina) were used heavily by the ground tracked bear 
(Linderman 1974). 

During the summer months, bears appeared to move from the major river 
valleys (Curatolo and Moore 1975), dispersing to higher elevations to feed 
upon Equisetum spp. (Linderman 1974, Quimby 1974a, Reynolds 1979, 1980). In 
and adjacent to caribou calving grounds, bears use caribou both as prey and 
carrion (Reynolds and Garner In Press). Bears kill both adults and calves 
(Lent 1964; Skoog 1968; Doll et al. 1974; Reynolds 1979 and 1980; Garner et 
al. 1983, 1984, 1985, and 1986a). Brown bear densities in the vicinity of 
the Western Arctic caribou herd's calving grounds in NPR-A were estimated as 
approximately 6 times higher than estimated densities throughout the 
remainder of the north slope of the Brooks Range. This bear population was 
also more productive than bear populations studied along the Canning River 
drainage in northeastern Alaska. Reynolds ( 1980) concluded that the high 
density and increased productivity was probably due to the availability of 
caribou as carrion and prey. A similar relationship between the high bear 
9ensity on ANWR and the seasonal availability of PH caribou was hypothized 
by Reynolds and Garner (In Press). 

Bears did not extend their normal home ranges to take advantage of caribou 
calving in NPR-A. Rather, bears were more dependent upon the caribou being 
within or moving through the bear's established home range (Reynolds 1980). 
Pearson (1976) also did not detect a shift in home ranges of bears to take 
advantage of migrating caribou in the Barn Mountains of the Yukon 
Terri tory. Bears in the Barn Mountains did move north along drainages in 
the spring and onto the coastal plain. Observations of brown bears in the 
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'ANWR study area also indicate a general northward movement in the late 
spring and early summer. However, on ANWR there does appear to be a shift 
in areas of home range use when caribou are present. A majority of the 
radio-collared bears that normally resided east of the Hulahula River, 
shifted their use areas north onto the coastal plain in early June. They 
usually remained in this area until caribou emigrated from the coastal plain 
in early to mid-July. Bears then gradually shifted their use areas south 
into the foothills. Several dispersing young males (4 - 7 years old) 
appeared to follow the emigrating caribou to the east (Garner et al. 
l986a). 

During August and September, bears moved back into the river valleys and 
moved upstream to denning areas (Quimby and Snarski 1974, Ruttan 1974, 
Pearson 1976). Food habits during this period consisted primarily of 
soapberries ( Shepherdia canadensis) along the Canning River (Quimby 197 4a, 
Reynolds 1974, Curatolo and Moore 1975). Excavations of arctic ground 
squirrels was also more intensive during this period, although colonies of 
these rodents are exploited by bears throughout the summer (Quimby 197 4a; 
Hechtel 1978, included in Reynolds 1980). 

Brown bears in the arctic normally enter dens during the first 2 weeks in 
October, however denning has been recorded as early as 26 September and as 
late as 7 November (Quimby 197 4a, Quimby and Snarski 197 4, Curatolo and 
Moore 1975, Reynolds et al. 1976, Reynolds 1979 and 1980). Contrary to 
brown bears denning in Yellowstone Park (Craighead and Craighead 1972), dens 
in the arctic were dug 2 or 3 days prior to entering them for the winter 
(Garner et al. 1983, 1984, 1985 and l986a). In Yellowstone, bears often dug 
dens 4 to 6 weeks before entering them for the winter. Inclement weather, 
especially snow storms, is considered a major factor in stimulating denning 
activity (Craighead and Craighead 1972, Reynolds 1980). 

In the arctic, continuous permafrost is the rule, and bear dens are dug into 
coarse textured soils that are seasonally free of permafrost to a depth of 
at least 1.5 m (Reynolds et al. 1976, Reynolds 1980). This soil texture 
causes excavations to collapse. unless the top 10 em of soil are frozen. 
Therefore, bears in the arctic cannot dig dens until air temperatures of 
-loOc or less have frozen the upper layer of the soil (Pearson 1976, 
Reynolds 1980). Unlike dens described for bears in Yellowstone National 
Park (Craighead and Craighead 1972), Alaska peninsula (Lentfer et al. 1972), 
south slopes of mountains in the Yukon Terri tory ( Jakimchuk et al. 197 4, 
Ruttan 1974), southern Yukon Territory (Pearson 1975), Richards Island in 
the Northwest Territories (Harding 1976), and Alberta (Vroom et al. 1980), 
arctic dens did not have shrubby or woody vegetation surrounding the den 
site and providing structural support for the den chamber (Canning River and 
northeast Alaska - Quimby l974a, Quimby and Snarski 1974, Curatolo and Moore 
1975, Reynolds et al. 1976, Garner et al. 1983, 1984, 1985, l986a; Barn 
Mountain in Yukon Terri tory - Pearson 1976; NPR-A in northwest Alaska 
Reynolds 1979, 1980). Most dens in the arctic collapse after the top layer 
of soil thaws in the spring, therefore little reuse of dug dens occurs 

(Reynolds et al. 1976, Reynolds 1980) 

Dens are dug into slopes of foothills and mountains. In NPR-A, no 
preference for slope orientation was detected (Reynolds 1979, 1980), 
however, in northeast Alaska, 90% of the located dens were on south-facing 
slopes (Reynolds et al. 1976). In ANWR, average measured aspects of 129 
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dens were southeasterly (145° - 150°), with a majority of the densities 
occurring in southeast - southwest slopes (Garner et al. 1984, 1985, and 
l986a). In most instances, dens were located in areas that accumulated 
thick layers of snow over the den. In the arctic, this factor is largely 
determined by prevailing winds. In other areas, however, the shrubby or 
woody vegetation assists in accumulating snow over the den. One den located 
in the foothills north of the Sadlerochit Mountains in 1973 may have been in 
the ANWR study area (Quimby l974a). In ANWR, only 7 of 199 recorded dens 
occurred within the study area (Fig. 40). Bears denned south of the study 
area, in the adjacent foothills and mountains (Garner et al. 1983, 1984, 
1985, l986a and l986b). 

Several snow dens have been recorded for brown bears on the Alaska peninsula 
(Lentfer et al. 1972), the Yukon Territory (Ruttan 1974), and the Northwest 
Territories (Harding 1976). One snow den was recorded in the foothills 
south of the study area near the Aichilik River (Garner et al. 1984). 
Although bears apparently over wintered in these dens, snow is not 
considered "normal" denning habitat. In northeast Alaska, bears apparently 
use rock caves as winter dens (Quimby l974a, Quimby and Snarski 1974, 
Reynolds et al. 1976). Of 52 active and inactive dens located during these 
studies, 13 were in rock caves. All the rock caves den sites had vegetation 
either at or near the cave opening and bears used this rna terial to form a 
nest-like bed (Reynolds et al. 1976). Only l of the 13 rock cave dens was 
located north of the continental divide in the Brooks Range (Quimby l974a). 
Ten rock cave dens were located during the baseline study program (5% of all 
dens located). One of these caves was used by the same adult male for at 
least 2 consecutive years (Garner et al. 1983, 1984, 1985, and 1986). 

Jakimchuk et al. (1974) postulated that lack of adequate den sites may limit 
northern Yukon brown bear populations. Other researchers (Quimby 197 4a; 
Quimby and Snarski 1974, Curatolo and Moore 1975, Reynolds et al. 1976) did 
not believe denning habitat was a limiting factor on bear populations in 
northeastern Alaska. Garner et al. 0986) concluded that denning habitat 
was probably not a limiting factor on bear population in northeast ANWR. 

Gray Wolf (Canis lupus) 

The gray wolf has the greatest natural range of any living mammal other than 
man (Nowak 1983). Wolves are found throughout those portions of the remote 
regions of the northern hemisphere which remain relatively undeveloped by 
humans (Mech 1970). In North America, wolves once occupied nearly the 
entire continent (Fig. 41). Today their range is restricted to most of 
Canada and Alaska, parts of northern Minnesota and Montana (Mech 1970), 
northern Wisconsin (Mech and Nowak 1981), central Idaho (Kaminski and Hanson 
1984), and certain regions of Mexico (Brown 1983). There are also a few 
animals in the upper peninsula of Michigan (excluding Isle Royal), which 
probably migrate from Ontario and Minnesota (Hendrickson et al. 1975) (Fig. 
42). Most taxonomists recognize 32 subspecies of wolves, of which 24 occur 
in North America ( Mech 1970) . Wolves inhabiting the northern portion of 
ANWR and the northeastern Brooks Range have been classified as f· l· 
tundarum, the Alaska tundra wolf (Nowak 1983). This subspecies 
classification has been challenged by Rausch (1953, as cited by Nowak 1983) 
and Pedersen (1978), who contend that the differences between C. l· 
tundarum and f. !· pambasileus (the interior Alaskan wolf) are not defined 
well enough to warrant C. l. tundarum's classification as a separate 
subspecies. - -
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Life History 

Wolves are the largest wild members of the dog family (Canidae). Adult 
males from most areas average 43-45 kg, while adult females average 36-39 kg 
(Mech 1970). Wolves captured on ANWR during 1984-1985 were on the lower end 
of this scale with males averaging 43.1 kg (n=l5) and females averaging 36.7 
kg (n=9) (Weiler et al. 1986). However, wolves on ANWR were captured 
between May and August, during a time frame considered by Seal and Mech 
(1983) as a period of weight loss in wolves. Seal and Mech (1983) and 
Peterson et al. ( 1984) showed seasonal variation in weights of wolves and 
suggested this variation was due to reduced food intake. Stephenson (pers. 
comm.) suggested that another factor may be that prey species are much 
leaner with less fat at that time of year. One wolf (a 4-year old male), 
which was captured twice on ANWR, weighed 52.2 kg in July and 55.8 kg the 
following April. 

Pelage color in wolves ranges from white to gray, brown, tawny, and black. 
All color phases are found on ANWR with gray and brown being that most 
common with black, tawny, and white following in order of occurrence (Weiler 
et al. 1986). 

Wolves are gregarious animals with a highly developed social behavior which 
is primarily manifested in the social unit or pack. Wolf packs are loosely 
associated groups of animals, often family members (Mech 1970). Pack sizes 
vary greatly from region to region. In Alaska, 1357 sightings of wolves in 
packs of 2 or more were recorded by Rausch; 28% of these are were in packs 
of 8 or more wolves (Mech 1970) .' Similar pack size has been recorded in 
areas of Minnesota, Canada, Lapland, Finland, and the USSR (Mech 1970). 
During 1984 and 1985, 8 packs were documented in the northeast portion of 
ANWR with the pack size ranging from 2 - 7 wolves before the denning season 
(Table 22). Rausch (1967) found that wolves in arctic areas tend to be 
found in smaller packs than other areas in Alaska, and thought that large 
pack sizes indicated high wolf populations. Zimen (1976) stated that the 
size of free - living packs was correlated with the density of the wolf 
population, size of the main prey species, and changes in the population 
density of the prey species. 

Social order within packs is maintained through a hierarchical system which 
centers around a dominant male and female. The male is dominant to the 
female and pups, the female to the pups with order established between 
pups. In larger packs there is also a dominance order within and between 
males and females (Zimen 1976). This same hierarchy system often limits 
breeding activity to only the dominant male and female of the pack. 
However, multiple litters per pack have been recorded in Alaska (Packard et 
al. 1983, Van Ballenberghe 1983, Weiler et al. 1986, and Stephenson pers. 
comm.). Breeding in Alaska occurs in late winter from late February through 
March, although most females breed in the first 2 weeks of March (Rausch 
1967). Gestation is 63 days with dens being prepared or visited by the 
parturient female as much as 4-5 weeks prior to parturition (Chapman 1977). 
In 1985, l den on ANWR was visited by a female and the entrance was dug free 
of snow on 5 April. Pups in arctic areas are usually born between mid-May 
and early June (Chapman 1977). On ANWR, a female wolf killed on 2 May 1984 
carried 4 fetuses (2 males and 2 females) within 2-3 weeks of parturition 
(Weiler et al. 1985). 
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Life History 

Wolves are the largest wild members of the dog family (Canidae). Adult 
males from most areas average 43-45 kg, while adult females average 36-39 kg 
(Mech 1970). Wolves captured on ANWR during 1984-1985 were on the lower end 
of this scale with males averaging 43.1 kg (n=l5) and females averaging 36.7 
kg (n=9) (Weiler et al. 1986). However, wolves on ANWR were captured 
between May and August, during a time frame considered by Seal and Mech 
(1983) as a period of weight loss in wolves. Seal and Mech (1983) and 
Peterson et al. (1984) showed seasonal variation in weights of wolves and 
suggested this variation was due to reduced food intake. Stephenson (pers. 
comm.) suggested that another factor may be that prey species are much 
leaner with less fat at that time of year. One wolf (a 4-year old male), 
which was captured twice on ANWR, weighed 52.2 kg in July and 55.8 kg the 

following April. 

Pelage color in wolves ranges from white to gray, brown, tawny, and black. 
All color phases are found on ANWR with gray and brown being that most 
common with black, tawny, and white following in order of occurrence (Weiler 

et al. 1986). 

Wolves are gregarious animals with a highly developed social behavior which 
is primarily manifested in the social unit or pack. Wolf packs are loosely 
associated groups of animals, often family members (Mech 1970). Pack sizes 
vary greatly from region to region. In Alaska, 1357 sightings of wolves in 
packs of 2 or more were recorded by Rausch; 28% of these are were in packs 
of 8 or more wolves ( Mech 1970) . Similar pack size has been recorded in 
areas of Minnesota, Canada, Lapland, Finland, and the USSR (Mech 1970). 
During 1984 and 1985, 8 packs were documented in the northeast portion of 
ANWR with the pack size ranging from 2 - 7 wolves before the denning season 
(Table 22). Rausch (1967) found that wolves in arctic areas tend to be 
found in smaller packs than other areas in Alaska, and thought that large 
pack sizes indicated high wolf populations. Zimen (1976) stated that the 
size of free - living packs was correlated with the density of the wolf 
population, size of the main prey species, and changes in the population 

density of the prey species. 

Social order within packs is maintained through a hierarchical system which 
centers around a dominant male and female. The male is dominant to the 
female and pups, the female to the pups with order established between 
pups. In larger packs there is also a dominance order within and between 
males and females (Zimen 1976). This same hierarchy system often limits 
breeding activity to only the dominant male and female of the pack. 
However, multiple litters per pack have been recorded in Alaska (Packard et 
al. 1983, Van Ballenberghe 1983, Weiler et al. 1986, and Stephenson pers. 
comm.). Breeding in Alaska occurs in late winter from late February through 
March, although most females breed in the first 2 weeks of March (Rausch 
1967). Gestation is 63 days with dens being prepared or visited by the 
parturient female as much as 4-5 weeks prior to parturition (Chapman 1977). 
In 1985, l den on ANWR was visited by a female and the entrance was dug free 
of snow on 5 April. Pups in arctic areas are usually born between mid-May 
and early June (Chapman 1977). On ANWR, a female wolf killed on 2 May 1984 
carried 4 fetuses (2 males and 2 females) within 2-3 weeks of parturition 

(Weiler et al. 1985). 
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Table 22. Numbers of adult wolves and pups in the northeastern portion 
of Arctic National Wildlife Refuge, 1984-1985. 

lJ84: 

Wolf 
group 

Lone wolves 
Canning Rivera 
Sadlerochit River 
Aichilik River 
Kongakut River 

:lotals 
Fall Totals 

1985: 
;_,one wolves 
Cannlng River Northb 
Ca~ning River Southc 
Hulahula Riverd 
Egaksrak River 
Drain Creek 
Malcolm River 8 

Totals 
Fall Total + 

Number 
of adults 

5 
5(est.) 
1+ 

7 
6 

27 
27 

5 
4 

3 
5 
6 
2 

27 
22 

Number pups 
at den 

? 
at least l 

4 
2 

7 

at least l 
at least l 
4-5 

5 
4 

4-5 
19-21 

Number pups 
surviving to fall 

0(?) 
l 
4 

2 

7 
7 

l 
0 
3 
5 
4 
l 

14 
14 

a Haugen (1986) believed this pack was unsuccessful in raising young in 
1984. 

b This pack had only l 
c Attempted second den 

on placental scars. 

surviving adult by late summer. 
in Canning River pack - had at least l pup based 

d One adult did not join this pack until late summer, possibly in 
September. 

e These animals were lone wolves in 1984, but denned in Canada in 1985. 
f Fall totals are lower than total numbers due to death and emigration. 

The pups eyes ope~ ll-15 days after birth and at about 3 weeks of age they 
start to appear outside the den (Chapman 1977). Whelping dens are used for 
varying lengths of time and were used at 2 den sites on ANWR (Haugen 1985, 
Weiler et al. 1986). In arctic areas, dens are usually abandoned in July; 
however, some may be occupied as late as August (Chapman 1977, Weiler et al. 
1985 and 1986, Stephenson pers. comm.). Pups are left at rendezvous sites 
while adults are hunting until they are able to run with the pack. Data 
obtained on ANWR has failed to document use of rendezvous sites by denning 
~olves. In the 2 packs where use of rendezvous sites was suspected, contact 
with the pack was lost about the time they left the den area. Several other 
packs (Hulahula River, Egaksrak River, Drain Creek) appear to have stayed at 
the den site until the pups were able to accompany the adults. Quimby 
(l974b) and Chapman (1977) both documented use of rendezvous site in this 
area of the Brooks Range. Both parents, as well as other members of the 
pack, hunt and care for the young. 
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Density 

Wolf densities in North American populations range from l wolf/7 .8 km2 to 
1 wolf/520 km2 (Table 23). Estimated fall densities in the northeastern 
B:rooks Range were l wolf/726 km2 and l wolf/686 km2 for 1984 and 1985 
respectively (Weiler et al. 1986). These estimated densities are for an 
area of approximately 24,700 km2 (9500 mi. 2 ), bordered on tht-c east by 
the Canning River, the Malcolm River on the west, the continental divide of 
the Brooks Range on the south, excluding the Joe and t1ancha Creek draj_nages, 
and on the north by the Beaufort Sea. If the coastal plain, where no den 
sites >Jere documented, is excluded from the estimates, densities increase to 
l wolf/497 km2 and 1 wolf/469 km2 for 1984 and 1985 respectively (l.·leiler 
et al. 1986). These densities are considered minimum estir~tes based on the 
actual number of known wolves in the area. The existence of undetected 
Hol ves would increa.se densities, however this inc:oease would probably not 
approach levels reported for other areas in the Brooks Range (Table 23). 

Territories and Movements 

Wolf packs tend to have territories that are distinct from those of 
neighboring packs although overlap is possible. Howling and urine marking 
serves as a means of spacing in wolf populations (Peters and Mech 1975, 
Harrington and Mech 1983). The size of pack territories varies between 
different geographic locations, but does not vary greatly within geographic 
locations (Mech 1974, as cited by Zimen 1976). Packs defend territories and 
usually repel or kill alien wolves; however, when food resources are scarce, 
packs utilize peripheral areas of their' territories more and may trespa::;s 
into neighboring pack territories (Mech 1977). In the Northwest Territories 
of Canada (Kuyt 1972) and northwestern Alaska (Stephenson 1q79, James 1983), 
wolves tend to seasonally shift their ranges in correspondence with seasonal 
migration cf caribou (Rangifer tarandus). In the northeastern Brooks Range 
( ANWR), these seasonal shifts in resident pack tecri tories due to caribou 
movements have not been detected. WintEr data (November to April) are 
scarce, however, sur·veys flown for relocation of caribou have failed to 
locate any collared pack animals in areas of overwintering caribou. 
Although several lone and dispersing wolves travelled south in conjunction 
with caribou, they failed to return with caribou the following year. 
Limited radio tracking data indicates that these wolves joined with other 
lone wolves or· packs and remained in that area rather than following caribou 
migrations north. This data suggest that wolves belonging to resident north 
slope packs are using the same or slightly expanded summer ranges and remain 
near or north of the continental divide during winter. Alternate food would 
include resident prey such as Dall sheep (Ovis dalli) and moose (Alces 
alces), and in the Sadelrochit mountain area to"the west, scattered groups 
of caribou from the CAH. Limited tracking data for the Sadlerochit pack 
during winter 1984-1985 showed that this pack stayed in the same general 
area used during the summer, although the area of use expanded to the west 

in winter. 

Summer-fall activity areas for wolf packs on ANWR (Fig. 43 and 44) were 
derived from movements of radio-collared wolves associated with different 
packs. These areas show assumed use by-wolf packs and their relationship to 
neighboring packs, however, they are not intended to be a measurement of 
terri tory size. The Canning River pack was the only pack to den in both 
years of the study. Due to limited radio-tracking data, locations of this 
pack from 1984 and 1985 were combined in Fig. 45. 
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Table 22. Numbers of adult wolves and pups in the northeastern portion 
of Arctic National Wildlife Refuge, 1984-1985. 

193Lt: 

Wolf 
group 

Lone wolves 
Canning Rivera 
Sadlerochit River 
Ai~hilik River 
Kongakut River 

~utals 

Fall Totals 

1985: 
!_,one wolves 
Cannlng River Northb 
Ca~ning River South0 

Hulahula Riverd 
Egaksrak River 
Drair. Creek 
Malcolm Rivere 
Totals 
Fall Total + 

Number 
of adults 

5 
5(est.) 
'-I 
7 
6 

27 
27 

5 
4 

3 
5 
6 
2 

27 
22 

Number pups 
at den 

? 
at least l 

4 
2 

7 

at least l 
at least 1 
4-5 
5 
4 

4-5 
19-21 

Number pups 
surviving to fall 

0(?) 
l 
4 

2 

7 
7 

l 
0 
3 
5 
4 
1 

14 
14 

a Haugen (1986) believed this pack was unsuccessful in raising young in 
1984. 

b This pack had only l surviving adult by late summer. 
0 Attempted second den in Canning River pack - had at least 1 pup based 

on placental scars. 
d One adult did not join this pack until late summer, possibly in 

September. 
e These animals were lone wolves in 1984, but denned in Canada in 1985. 
f Fall totals are lower than total numbers due to death and emigration. 

The pups eyes ope~ ll-15 days after birth and at about 3 weeks of age they 
start to appear outside the den (Chapman 1977). Whelping dens are used for 
varying lengths of time and were used at 2 den sites on ANWR (Haugen 1985, 
Weiler et al. 1986). In arctic areas, dens are usually abandoned in July; 
however, some may be occupied as late as August (Chapman 1977, Weiler et al. 
1985 and 1986, Stephenson pers. comm.). Pups are left at rendezvous sites 
while adults are hunting until they are able to run with the pack. Data 
obtained on ANWR has failed to document use of rendezvous sites by denning 
wolves. In the 2 packs where use of rendezvous sites was suspected, contact 
with the pack was lost about the time they left the den area. Several other 
packs (Hulahula River, Egaksrak River, Drain Creek) appear to have stayed at 
the den site until the pups were able to accompany the adults. Quimby 
(l974b) and Chapman (1977) both documented use of rendezvous site in this 
area of the Brooks Range. Both parents, as well as other members of the 
pack, hunt and care for the young. 
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Densitv 
------"-

Wolf densities in North American populations range from l wolf/7 .8 km2 to 
1 wolf/520 km2 (Table 23). Estimated fall densities in the northeastern 
Brooks Range were 1 wolf/726 km2 and l wolf/686 km2 for 1984 and 1985 
respectively (Weiler et al. 1986). These estimated densities are for an 
area of approximately 24,700 km2 (9500 mi. 2 ), bocdered on the east by 
the Canning River, the Malcolm River on the west, the continental divide of 
the Brooks Range on the south, excluding the Joe and ~1ancha Creek drainages, 
and on the north by the Beaufort Sea. If the coastal plain, whece no den 
sites >Jece documented, is excluded fcorn the estimates, densities increase to 
1 wolf/497 km2 and 1 wolf/469 km2 for' 1984 and 1985 respectively (1tleiler 
et al. 1986). These densities are consideced minimum estimates based on the 
actual numbec of known wolves in the area. The existence of undetected 
VJcl ves VJould incl"ea.se densities, however this increase would pcob:J.bl y not 
appcoach levels reported foe other areas in the Brooks Range (Tabla 23). 

TerritoriPs and Movements 

Wolf packs tend to have territocies that are distinct from those of 
neighboring packs although overlap is possiblE.. Howling and urine marking 
secves as a means of spacing in wolf populations (Peters and Mech 1975, 
Harcington and Mech 1983). The size of pack territories varies between 
different geographic locations, but does not vary gceatly within geographic 
locations (Mech 1974, as cited by Zimen 1976). Packs defend territories and 
usually cepel or kill alien Holves; howevec, when food resoucces are scacce, 
packs utilize periphecal areas of their' terri tocies more and may trespa:::;s 
into neighbocing pack territocies (Mech 1977). In the Northwest Territories 
of Canada (Kuyt 1972) and northwestern Alaska (Stephenson 1979, James 1983), 
wolves tend to seasonally shift their ranges in correspondence with seasonal 
migration cf caribou (Rangifer tarandus). In the noctheastern Bcooks Range 
( JI.NWR), these seasonal shifts in resident pack terri tocies due to cacibou 
movements have not been detected. Wintsr data (November to April) are 
scarce, however, sur·veys flown foe relocation of caribou have failed to 
locate any collared pack animals in aceas of overwintering c:J.ribou. 
Although several lone and dispersing wolves travelled south in conjunction 
with caribou, they failed to retucn with cacibou the following year. 
Limited cadio tracking data indicates that these wolves joined with other 
lone wolves or packs and remained in that area rather than following caribou 
migrations nocth. This data suggest that wolves belonging to resident north 
slope packs are using the same or slightly expanded summer ranges and remain 
neac oc north of the continental divide ducing winter. Alternate food would 
include cesident prey such as Dall sheep (Ovis dalli) and moose (Aloes 
aloes) , and in the Sadelrochi t mountain area to the west, seat tered groups 
of caribou from the CAH. Limited tracking data for the Sadlerochit pack 
ducing winter 1984-1985 showed that this pack stayed in the same general 
area used during the sum~ec, although the area of use expanded to the west 
in winter. 

Summer-fall activity aceas for wolf packs on ANWR (Fig. 43 and 44) were 
derived from movements of radio-collared wolves associated with different 
packs. These areas show assumed use by-wolf packs and their relationship to 
neighboring packs, however, they ace not intended to be a measurement of 
territocy size. The Canning River pack was the only pack to den in both 
years of the study. Due to limited radio-tracking data, locations of this 
pack from 1984 and 1985 were combined in Fig. 45. 
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Table r) 'J 
{_.) . Reported densities 

Stephenson 1975). 
for North American wolf populations (adapted from 

Lc)C~-l tion 

~1 i~-~~_g_a_r: : 
Is l e R C! 71::: l e 

Minnesota 
--~--

fvlinnesota 
Minnesota 
--~~-~ 

Hinnesota 

AlasKa: 
Scutheas :-~ 
Coronation Island 
Socth central (Unit 13) 
Mt. McKinley N.P. 
Mt. McKi~ley N.P. 

Area 

Nor'thwestern Bcook:::; Range 
Northern fc thills 
Northern ana ~estern areas 

Density 
km2) (km2/wolf) - -

544 

6,449 
lO,Cl9 
10,886 
1,857 

19,425 
78 

51,300 
5,180 
3,885 

18-26 

26 
!..jlj 

28a 
24 

65-104 
8b 

130 
130 

b2-l09 

390 
520 

S0urce 

Mech 1966, 
Jordan et al. 
Olson 1938 
Stenlund 19"'5 
Mech 1973 
Van Ball 

1967 

et a1. 

Atwell et al. 1963 
t"lecr'iam 1964 
Rausch 1967 
Murie 1944 
Haber 1968 

1975 

Stephenson and James 1982 
Stephenson and James 1982 

Na_ tional Petr'oleurn Reserve Alaska 
Average 
Southern portions 

Noi"th cer,tral: 
Spring 1971 
Spring 1973 

Canning River area: 
Spring 1973 
Fall 1973 

~'anadc~: 

We5tecn Canada 
Saskatchewan 
hlgonquin Park, Ontario 
Ontario 
~or~hwest Territories 
Northwest Territories 
Baffin Island 
Manitoba-Saskatchewan 
MatllLODa- SasKacchewan
Northwest Territories 

9,324 
9,32'-+ 

4,196 
4,196 

10,878 

2,590 
25,900 

1,243,200 
995 

4,662 
3,300 

282,310 

520 Stephenson 1979 
130 Stephenson 1979 

320 Stephenson l975b 
194 Stephenson l97~)b 

596 Quimby l974b 
181 Quimby l974b 

225-288 Cowan 1947 
103.6-215 Banfield 1951 

26 Pimlott et al. 1969 
259-518 Pimlott et al. l9b9 

155- 3ll Kelsall 1957 
18d Kuyt 1972 

3ll Clark 1971 
20-36° Parker· 197:? 

518e Parker 1973 

----------------------~---------------------------
d 

b 
c 
d 

e 

A erage for 2 winters, 1971-1972 and 1972-1973. 
Artificial siLuation; four wolves stocked. 
Maximum abundance on winter range. 
Tempocary concentration of wolves on winter range of Kaminuriak caribou herd· 
fatal year round range of Kaminuciak caribou herd. 
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Fig. 4 3. 1984 summer -fall octiv!ly areas 
for radio-collared wolves associated 
w!lh pocks on Arctic Notional Wild
l1fe Refuge. 
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Area where wolves were actually 
found during radio tracking 

Estimated activ!ly area based on 
miscellaneous wolf sightings, topog
raphy and tracks. 
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Tat,le 3. Reported densities for North American wolf populations (adapted from 
Stephenson 1975). 

Density 

Lc.ca tion Area (km2) (km2/wolf) 

tl_i..:.~l'.!c~E.CJ,!:l : 
lsl_e: Ro1::ile 

t1innr::sota ---·----
i'-1 i Ln r2s o:_a ------
Minnesota 
[li nnesota -------

Alasy::a: .----
Southeast 
Coronation Island 
South central (Unit 13) 
Mt. McKinley N.F. 
Mt. McKi0ley N.P. 

Northwestern Bcooks 
Northern foothills 
i~or checn anc.i '.Jes teen ace as 

544 

6,449 
10,(119 
10,886 

1,857 

19,425 
78 

51,800 
5,180 
3,885 

National Petroleum Reserve Alaska 
Ave cage 
~cutnern portions 

Nor·th cer;tr·al: 
Spc 1971 
Spcing 197 3 

Canning lEvee 
Spring 1'173 
Fall 1973 

'-~'ar:.~d:-_·: --·---

drea: 

9,324 
9,324 

4,196 
4,196 

10,878 

l8-2b 

26 
!~ 4 
28a 
24 

65-104 
gb 

130 
130 

62-109 

390 
520 

'52 0 
130 

320 
194 

596 
181 

225-288 

----

Source 

Mech 1966, 
Jordan et al. 1967 
Olson 1938 
Stenluna 1955 
Mech 1973 
Van Ballenberghe et al. 1975 

Atwell et al. 1963 
tvlerciam 1964 
Rausch 1967 
Mucie 1944 
Haber 1968 

Stephenson and James 1982 
Stephenson and James 1982 

Stephenson 1979 
Stephensor; 1979 

Stephenson l975b 
Stephenson 1975b 

Quimby l974b 
Quimby l974b 

Cowan 1947 VIC:::: ter'1 Canada 
Saskatchewan 103.6-215 Banfield 1951 

a 
b 
c 
d 

e 

~lgonquin Park, Ontacio 
Ontacio 
;~:);"Lhwest Territories 
Northwest Territories 
B2ffin Island 
Manitoba-Saskatchewan 
Manitooa- SasKatchewan
Northwest Tercitories 

2,590 
25,900 

1,243,200 
995 

4,662 
3,300 

282,310 

26 Pimlott et al. 1969 

259-518 Pimlott et al. 1969 

155-311 Kelsall 1957 
18d Kuyt 1972 

311 Clark 1971 
20-36d Packer' 1973 

518e Packer 1973 --A~erage for 2 wintecs, 1971-1972 and 1972-1973. 
Artificial situation; four wolves stocked. 
Maximum abundance on winter range. 
Tempocacy concentration of wolves on winter range of Kaminuriak caribou herd· 
Total year round range of Kaminuciak caribou herd. 
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In addition to pack members thece are indiviouals oc small gcoups of wolves 
which ao not defend a terri tory. These individuals have ei thee been driven 
from the pack or have left voluntarily and usually are low canking or former 
high canking adults (Zimen 1976). These animals live in and around pack 
tercitocies and generally avoid contact with the pack or may leave the area 
enticely. Wolves that have left the pack voluntarily are sometimes 
cein tegca ted in to the pack at a later date ( Zimen 197 6) . Lone wolves which 
have left a pack may remain alone, join with another lone wolf to focm the 
breeding pair of a new pack in a new territory, or occasionally join another 

pack (Messier 1985). 

Ducing the 1984-1985 ANWR study, 26 wolves wece captuced of which 7 were 
known lone wolves. Another 4 wolves were not associated with a pack, but 
are thought to be formec membecs of a pack that disintegrated after at least 
l and possibly several members of the pack died from rabies (see section on 
disease). Five animals associated with packs at the time of theic capture 
later dispersed. The fate of these and othec marked wolves is presented in 

Table 24 and Fig. 45. 

Dispecsing wolves have been known to travel great distances. Fritts (1983) 
documented a movement of 886 km for a wolf from Minnesota, while Ballacd et 
al. (1983) reported a dispersal in Alaska of 732 km by 2 wolves. One of the 
ANWR study wolves traveled from the Kongakut River area of the coastal plain 
to an area between Ambler and Selawik where it was shot. This is a distance 
of appcoximately 770 km from it last location and 826 km fcom its known 
farthest eastward location (Fig. 46). This distance represents the longest 

recocded movement in Alaska. 

Two wolves ( l pack member and l lone wolf) dis per sed fcom the 21cea and 
followed caribou movements to the south and into Canada. The lone wolf (a 
2-3 year old male) was captured in June 1984 near the U.S. -Canada Border. 
By mid-July it had moved 61 km southeast into Canada. At the end of August 
it was 112 km southwest of the last location and was with a large gray 
wolf. It stayed in the area until at least mid-November 1984, when contact 
was lost. These movements corresponded to general cacibou movements at the 
time and caribou were in the immediate area each time the wolf was located. 
This wolf was last located in October 1985, approximately 240 km southwest 

of the November' 1984 location. 

The other wolf was a member of the Kongakut pack and was a 3-year old male. 
This wolf was captured in June 1984 and remained in the Kongaku t general 
area until late July. At this time contact was lost and not reestablished 
until late September when the wolf was located in Canada, an eastward 
movement of 193 km from its last location. In early December it was 64 km 
noctheast of its September location. Again movements corresponded to 
caribou movements at the time and caribou were in the immediate area each 
time the wolf was located. This wolf was shot in March 1986, in the Kugalik 
River area, east of Tuktoyaktuk, N.W.T., appcoximately 230 i<.rr1 edst uf its 

December location. 

Productivity 

A few captive wolves have reached sexual maturity in l year (Medjo and Mech 
1976), but nearly all females reach puberty by 22 months (Packard et al. 
1983). Wolves in packs usually would not breed until oluec. The 
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Captured in August 1985. Traveled west across coastal 

plain in October 1985 and joined unmarked wolf near 
Canning River. 

328 

<l> g~ ~ ~ l::::l (::) -.l 

,Ui ~ NJ ~ ":( ll) 
S<l> ·~ ~Q) ~ ctJ E: C)'..._ Q)t:: I \)') \))<l)c::~ :::,!::: ' 
c:: ::,. "-.. t::l.. ...... "'5 :t t::"' 
C) C) ....... lr) lr) l,c) ~ (::) 

-J E: ;? ~ ,g ~C\j ~ "'5 
.:s; -2 ~ ...._ I 

. ~ tJ ..... ...... ...... 
(D I:) ~ ~ ~ ~ 
~ '-J ..3--..: "lr) 

~ • • (\j tr) 

.... ........... ....... :, 

\\\If 
\ 

I 

\ 
I ,., 

329 

,. 

. , 
~-

'b 

l:l 

~. 

1 

~~ 
~ 
~. 

r 

·~~ 

o I 
!• 
"\ 

0 'Y 

'0 

. 
'af 

' ~ c:l 
\ 



T
ab

le 
2

4
. 

S
ex

, 
ag

e, 
and 

fa
te

 
o

f 
lo

n
e 

and 
d

isp
e
rsin

g
 

w
olves 

on 
A

rctic 
N

atio
n

al 
W

ild
life 

R
efuge 

d
u

rin
g

 
1984-1985 

(N
um

bers 
co

rresp
o

n
d

 
to

 
num

bers 
on 

F
ig

. 
4

5
). 

W
olf 

num
ber 

l 2 3 4 5 6 7 8 9 

12 

13 

17 

18 

21 

25 

26 

S
ex 

M
 

F 

M
 

M
 

M
 

F M
 

F F M
 

F 

M
 

F M
 

M
 

M
 

A
ge 

l 3 l-2 

2
-3

 

3-
4 

2 3 2-
3 

2-
3 

l-2
 

3-
4 

3 l-2
 

l-2
 

2 2-3 

F
ate 

S
ep

arated
 

from
 

A
ic

h
ilik

 
pack 

and 
jo

in
ed

 
w

o
lf 

116 
in

 
e
a
rly

 1985, 
sh

o
t 

in
 la

te
 

M
arch 

1985. 

Jo
in

ed
 

w
o

lf 
115 

in
 

Ju
n

e 
1

9
8

4
, 

sep
arated

 
in

 
Ju

ly
 

and 
jo

in
ed

 
w

o
lf 

#17 
in

 
O

cto
b

er 
and 

th
ese 

w
olves 

form
ed 

M
alcolm

 
pack 

in
 

1
9

8
5

. 

L
o

st 
c
o

n
ta

c
t 

on 
ANW

R 
in

 
A

ugust 
1984 

-
S

h
o

t 
n

ear 
S

elaw
ik

 
in

 Ju
n

e 
1985. 

D
isp

ersed
 

to
 

so
u

th
 

sid
e
 

o
f 

B
rooks 

R
ange 

in
 

Ju
ly

 
1984 

-
found 

w
ith

 
2 

unm
arked 

w
olves 

n
ear 

F
t. 

Y
ukon 

in
 

O
cto

b
er 

1985
. 

Jo
in

ed
 

w
o

lf #2 
in

 
Ju

n
e 

1984, 
sep

arated
 

and 
d

isp
ersed

 
to

 
th

e 
w

est 
in

 
Ju

ly
, 

found 
w

ith
 

Iv
ish

ak
 

pack 
in

 
N

ovem
ber 

1984 
-

found 
dead 

o
f 

ra
b

ie
s 

in
 

A
p

ril 
1985 

on 
th

e 
R

ibdon 
R

iv
er. 

S
ep

arated
 

from
 

S
a
d

le
ro

c
h

it 
pack 

O
cto

b
er 

1984, 
jo

in
ed

 
w

o
lf #

l 
in

 
e
a
rly

 
1985. 

A
fter 

w
o

lf 
#

l 
w

as 
sh

o
t, 

w
o

lf 
#6 

denned, 
becom

ing 
th

e
 

H
u

lah
u

la 
P

ack
. 

S
he 

w
as 

jo
in

ed
 

by 
unm

arked 
w

o
lf 

in
 

Ju
ly

 
1985, 

and 
th

ey
 

w
ere 

jo
in

ed
 

by 
w

o
lf 1125 

S
eptem

ber 1
9

8
5

. 

S
ep

arated
 

from
 

K
ongakut 

pack 
in

 
Ju

ly
 

1984, 
d

isp
ersed

 
e
a
st 

in
to

 
C

anada 
in

 
A

ugust 
1984. 

L
ast 

found 
n

ear 
A

clav
ik

, 
C

anada 
in

 
D

ecem
ber 

1
9

8
4

. 
S

h
o

t 
in

 
A

p
ril 

1986 
ap

p
ro

x
im

ately
 

113 
km

 
e
a
st 

o
f 

T
u

k
to

y
ak

tu
k

, 
N

o
rth

w
est 

T
e
rrito

rie
s

. 

S
ep

arated
 

from
 

A
ic

h
ilik

 
pack 

in
 

la
te

 
1984 

o
r 

e
a
rly

 
1985

. 
L

ast 
found 

on 
Ju

n
ip

er 
C

reek 
w

est 
o

f 
C

anning 
R

iv
er 

in
 

A
p

ril 
1985

. 

S
ep

arated
 

from
 

K
ongakut 

pack 
S

eptem
ber 

1984 
-

F
ound 

dead o
f ra

b
ie

s 
in

 
A

p
ril 

1985
. 

C
ap

tu
red 

6 
A

p
ril 

1
9

8
5

, 
-

F
ound 

dead 
o

f 
ra

b
ie

s 
on 

25 
A

p
ril 

1985
. 

l 
o

f 
2 

b
reed

in
g

 
fem

ales 
in

 
C

anning 
p

ack
, 

denned 
b

u
t 

fa
ile

d
 

to
 

ra
ise

 
pups 

and 
found 

dead 
o

f 
unknow

n 
cau

ses 
on 

30 
Ju

n
e 

1
9

8
5

. 

Jo
in

ed
 

w
o

lf #2 
in

 
O

cto
b

er 
1984, 

and 
th

ey
 

form
ed 

M
alcolm

 
pack 

in
 

1985. 

B
eliev

ed
 

to
 

be 
a
sso

c
ia

te
d

 
w

ith
 

th
e
 

A
ic

h
ilik

 
p

ack
, 

cap
tu

red
 

in
 

M
ay 

1985. 
D

isp
ersed

 
so

u
th

 and 
lo

st 
c
o

n
ta

c
t 

in
 Ju

ly
 

1
9

8
5

. 

C
ap

tu
red

 
27 

Ju
n

e 
1

9
8

5
, 

lo
c
a
te

d
 

alo
n

g
 

F
irth

 
R

iv
er 

on 
7 

Ju
ly

 8
5

, 
la

s
t lo

c
a
te

d
 on 

S
h

een
jek

 R
iv

er 
in

 M
arch 

1
9

8
6

. 

C
aptured

 
on 

C
anning 

R
iv

er 
A

ugust 
1985, 

jo
in

ed
 

w
o

lf 
116 

in
 H

u
lah

u
la 

pack 
in

 S
eptem

ber 1985. 

C
ap

tu
red

 
in

 
A

ugust 
1

9
8

5
. 

T
rav

eled
 

w
est 

acro
ss 

c
o

a
sta

l 
p

la
in

 
in

 
O

cto
b

er 
1985 

and 
jo

in
ed

 
unm

arked 
w

o
lf 

n
ear 

C
anning 

R
iv

er. 3,2
8

 

I 
I 

I 
I 

~
 

~ 
~ 

Q
) 

:::.... 

~ 
"'{ 

g.(') 
...... 

~
 
~
 

tl 
~
Q
)
 

I 
(;;~1'1) ...... 

<
l.l§

 
~ 

§' 
~
 

Q
) <5 ·~ 

"S 
tl 

e:c::a 
...... 

~
 

"S 
~ 

~
~
 

I 

(~:' 
tl'l<l.l 

~
 

c:: 
~
 ~
 

Cb 
·~ 

~
 

"t; 
C

) 
C

) 
C

) 
~
 

15 
~ 

~
 
~
 

.
.
.
J
E
:
~
~
 

(..) 
..-::::: 

~
 

C
) 

(\j 
IY) 

({) 
a 

...J 
-...: 

'\to 

• • 
\. 

.th 
~
 ~
~
,
Y
 ~
/
~
~
-
~
~
 

~
(
 

( 
~
w
 
\
~
 ~r--

K
 
~
\
i
f
 !hr,~ .. 

..... ............. --··:, \
\
\
I
f
 

\ \ \ \ 
~
 

•• 
, 

3
2

9
 

I ... ~
 ~. .\ 

I 

~
v
 

... 

~
 

rfo
, 

-:~ 

01 
1• 
"\ 

'8r ~ ~ "'.t ~
 \ 



probab~lity of a female breeding depends on her social rank 
(Zir:12n 1976), vlhile the probability of copulation 
reproduction is higher for adults than 22-month old females 

3) • 

within the pack 
and successful 
(Packard et aJ. 

A'Jer>age litter size reported by Mech (1970) was 4.0 - 6.5. In the north 
central Brooks Range, average litter size for 43 litters was 5.23 
(Stephenson and Johnson 1972). During 1984-1985, 9 packs attempted to raise 
10 litters of pups. Although there were only 8 packs, l pack denned in both 
';cars and the same pack had multiple litters in 1985 (Weiler et al. 1986). 
In 1984, litter sizes for 2 packs averaged 3.0, while litter sizes in 4 
packs averaged 4.20 - 4.75 .in 1985. These litter sizes are based on the 
number of pups observed outside the den in early summer and may be inflated 
as total number of pups in 3 litters were not known (Table 22). These data 
also do not include a second litter in the Canning pack which had an unknown 
number of pups. Examination of placental scars in a female wolf from the 
Cbnning which died of undetermined causes showed that she had at least l pup 
that year. Even though oata for 1984 are limited, it appears that wolves in 
the northern portion of ANWR have litters that are at or below the average 
lltcer sizes reported elsewhere. 

Mech (1977) reported low litter sizes and related it to nutritional stress, 
howe'Jer, it is not known if nutritional stress was a factor in the ANWR 
lltter sizes. Rausch (1967) found that the production of ova by multiparous 
females was greater than that of first time breeders. In 1984, the only 
known age breeding female (Sadlerochit pack) was 6-8 years old, and had an 
unkn:::Jvm number of pups while successfully raising only l. In 1985, 3 knovm 
age breeders were 3, 4, and 3-4 years old. These wolves were members of the 
Hulahula, Malcolm, and Egaksrak packs and had 4-5, 4-5, and 5 pups 
respectively. Two of these wolves were known first time breeders, while the 
status of the Egaksarak bitch was unknown. These data indicate that 
differences between first time breeders and multiparous wolves may not be 
the cause in low litter sizes in northeast Alaska. In Alaska, Rausch (1967) 
reported that in arctic areas wolves shed fewer ova and implanted fewer 
fetuses than other areas of the state. 

Survival rate for pups from birth to 5 - 10 months of age vary widely as 
reported in the literature. Sur vi val rates for natural populations range 
from 6 - 4 3%, while exploi ta ted populations range from 20 - 88% ( Mech 
1970). Exploitation seems to stimulate both reproduction and survival of 
pups, at least until their first winter (Mech 1970). Increased mortality 
rates in wolf litters has been reported in cases where food supplies were 
limited or declined (Kuyt 1972, Mech 1977). On ANWR, over-summer survival 
rates for packs with known litter size were lOO% for 1984, and 68-76% for 
1985. A recalculation of numbers presented by Rausch 0967) for wolves in 
arctic Alaska, using methods outlined by Mech (1970), results in a survival 
rat9 of 72% for pups. R9calculat:!._on :::Jf Chapman's (1977) data using data 
from the Brooks Range in Alaska results in a survival rate of 85%. Survival 
rates on ANWR are comparable to previously reported rates for arctic 
Alaska. If an average litter size of 4 (calculated from ANWR packs) is used 
for packs with unknown litter size, the estimated survival rate is 50% for 
1984 and 56% f'or 1985. These rates are lower than previous estimates for 
arctic Alaska and comparable to those reported by Van Ballenberghe et al. 
0975) and Fritts and Mech (1981) for wolves in Minnesota. Overall small 
litter sizes and lower survival rates indicate low productivity for wolves 
in the northeastern Brooks Range. 
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The survival data (Table 22), seem to indicate that over-summer surv 
be related to pack size. A total of 21 pups were raised in 1984-19: 
15 ( 71%) being raised by the 4 packs with 5 or more adult members 
with less than 5 members (includes 1984 Canning pack and 1985 Cannin. 
litter) successfully raised only 6 pups out of 6 possible litters. 
average litter size of 4.0 is attributed to packs with unknown litte 
estimated over-summer survival rates for packs with les~ than 5 
becomes 23-25%, while larger packs had a estimated survival rate 
Harrington et al 0983) found that when pr'ey was relatively abunc 
wolf populations were increasing, pack size and December· litter sJ 

positively correlated. Zimen (1976) suggested that optimal pac,, 
ultimately derived from prey size. Factors influencing pack an<j pn 
such as the number of hunting members, replacements for wolves t 
killed or injured, and advantages and disadvantages of a pack wlth 
wore members, results in an optimal pack size of about 6-10 anim;: 
deer are the primary prey, and 8-12 animals when moose are the pri~ 
(Zimen 1976). Dall sheep (Q_vis dalli) are the smallest of the large 
available as prey species for wolves in northeasc Alaska and are at 
same size as white-tailed deer ( Odocoileus virgir:i.anus). The cor: 
optimal pack size applied to wolves on ANWR, appears to ind:i_cate t 
apparent ability of packs with fewer than 5 adult mernoers to eff, 
utilize available prey and successfully raise young may be impaj_red. 

Habitat 

Wolves were originally circumpolar in distribution and habitat inclt 
Northern Hemisphere types except tropical rain forest and arid deser· 
1970). Wolves are found throughout the state of Alaska. Loca 
information from sightings on ANWR indicate that wolves roam throug~ 
northeastern Brooks Range and utilize most habitats of the area. De 
the 1984-1985 ANWR study shows that wolves range primarily in the m 
and arctic foothills of the Brooks Range. This restricted range may 
to the presence of year round prey (Dall sheep and moose) and the tel 
the coastal plain renders wolves more vulnerable to harvest (St< 
pers. comm.). Wolves use the coastal plain extensively in early sumr 
use decreasing sharply once caribou have left the area (Weiler et al. 

Den sites of wolves in arctic Alaska usually are found on mod era teJ 
southern exposures where the soil is well drained and unfrozen durin1 
(Stephenson 1974). Land forms such as banks, escarpments, dunes, kar 
moraines are often associated with wolf dens (Stephenson 1974). The 
7 of the 8 packs followed on ANWR were located. All dens were eithE 
near rivers with general exposures being southeast to southwest (Tat 
The Canning River den site was the only l used in both years. Wol\ 
been known to den in this area of the Canning River since the early 
It is not known if the present den site was used previous to 1984, ' 
development of the den site indicates that it was. The Kongakut Rj 
had been used since 1975 and was well known among people familiar ~ 

area. The Aichilik River den had not been reported previously, but ~ 

development of the site indicates that it was used for several 
Neither pack denned in 1985, possibly due to death of the breeding r 
to rabies (Weiler et al. 1986). Two den sites (Hulahula and Malcol 
first year sites used by first time breeding females that had fm' 
packs. Two den sites (Drain Creek and Egaksrak) were suspected fir 
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probability of a female breeding depends on her social rank within the pack 
(Zir:12n 1976), 11hile the probability of copulation and successful 
reproduction is higher for adults than 22-month old females (Packard et aJ .. 
192·3). 

Aver'age litter size reported by Mech (1970) was 4.0- 6.5. In the north 
central Brooks Range, average litter size for 43 litters was 5.23 
(Stephenson and Johnson 1972). During 1984-1985, 9 packs attempted to raise 
10 litters of pups. Although there were only 8 packs, l pack denned in both 
jears and the same pack had multiple litters in 1985 (Weiler et al. 1986). 
1:n 1984, litter sizes for· 2 packs averaged 3.0, while litter sizes in 4 
pacv.s averaged 4.20 - 4.75 in 1985. These litter sizes are based on the 
number of pups observed outside the den in early summer and may be inflated 
as total number of pups in 3 litters were not known (Table 22). These data 
also do not include a second litter in the Canning pack which had an unknown 
number of pups. Exsmination of placental scars in a female wolf from the 
C~nning which died of undetermined causes showed that she had at least l pup 
that year. Even though oata for 1984 are limited, it appears that wolves in 
the northern portion of ANWR have litters that are at or below the average 
lltcer sizes reported elsewhere. 

Mech (1977) reported low litter sizes and related it to nutritional stress, 
however, it is not known if nutritional stress was a factor in the ANWR 
litter sizes. Rausch (1967) found that the production of ova by multiparous 
females was greater than that of first time breeders. In 1984, the only 
known age breeding female (Sadlerochit pack) was 6-8 years old, and had an 
unkrnvm number of pups while successfully raising only 1. In 1985, 3 knovm 
age breeders were 3, 4, and 3-4 years old. These wolves were members of the 
Hulahula, Malcolm, and Egaksrak packs and had 4-5, 4-5, and 5 pups 
respectively. Two of these wolves were known first time breeders, while the 
status of the Egaksarak bitch was unknown. These data indicate that 
differences between first time breeders and multiparous wol '!es may not be 
the cause in low litter sizes in northeast Alaska. In Alaska, Rausch (1967) 
reported that in arctic areas wolves shed fewer ova and implanted fewer 
fetuses than other areas of the state. 

Survival rate for pups from birth to 5 - 10 months of age vary widely as 
reported in the literature. Survival rates for natural populations range 
from 6 - 43%, while exploitated populations range from 20 - 88% (Mech 
1970). Exploitation seems to stimulate both reproduction and survival of 
pups, at least until their first winter (Mech 1970). Increased mortality 
rates in wolf litters has been reported in cases where food supplies were 
limited or declined (Kuyt 1972, Mech 1977). On ANWR, over-summer survival 
rates for packs with known litter size were lOO% for 1984, and 68-76% for 
1985. A recalculation of numbers presented by Rausch (1967) for wolves in 
arctic Alaska, using methods outlined by Mech (1970), results in a survival 
r-ctLe ul 72'J; lur' t)UiJ.S. I\ecalcula~~cr.l cf ~~~o.prr.au'0 (l977) c!ata ~Si!'!b data 
from the Brooks Range in Alaska results in a survival rate of 85%. Survival 
rates on ANWR are comparable to previously reported rates f0r arctic 
Alaska. If an average litter size of U (calculated from ANWR packs) is used 
for packs with unknown litter Slze, the estimated survival rate is 50% for 
1984 and 56% f'or 1985. These rates are lower than previous estimates for 
arctic Alaska and compa1°able to those reported by Van Ballenberghe et al. 
(1975) and Fritts and Mech (1981) for wolves in Minnesota. Overall small 
litter sizes and lower survival rates indicate low productivity for wolves 
i:1 the nor-theastern Brooks Range. 
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The survival data (Table 22), seem to indicate that over-summer survival may 
be related to pack size. A total of 21 pups were raised in 1984-1985, with 
15 ( 71%) being raised by the 4 packs with 5 or more adult members. Packs 
with less than 5 members (includes 1984 Canning pack and 1985 Canning second 
litter) successfully raised only 6 pups out of 6 possible litters. If an 
average litter size of 4.0 is attributed to packs with unknown litter sizes 
estimated over-summer survival rates for packs with less than 5 adults 
becomes 23-25%, while larger packs had a estimated survival rate of 100%. 
Harrington et al (1983) found that when prey was relatively abundar;t anci 
wolf populations were increasing, pack size and December· litter size we!"e 
positively correlated. Zimen ( 1976) suggested that optimal pac!-; size is 
ultimately derived from prey size. Factors influenci.ng pacl< and prey size, 
such as the number of hunting members, replacements for wolves that are 
killed or injured, and advantages and disadvantages of a pack wlth fewer cr 
wore members, results in an optimal pack size of about 6-10 animals w':1en 
deer are the primary prey, and 8-12 animals when moose are the primary prey 
(Zimen 1976). Dall sheep (Qvis dalli) are the smallest of the large rnamrnc::.ls 
available as prey species for wolves in northeas£ Alaska and are about ~~e 

same size as white-tailed deer (Odocoileus virgir:ianus). The concept of 
optimal pack size applied to wolves on ANWR, appears to indica~e that cne 
apparent ability of packs with fewer than 5 adult memoers to effectively 
utilize available prey and successfully r'aise young may be impair-ed. 

Habitat 

Wolves were originally circumpolar in distribution and habitat incluo~a a~l 

Northern Hemisphere types except tropical rain forest and arid deserts (Mecn 
1970). Wolves are found throughout the state of Alaska. Location of 
information from sightings on ANWR indicate that wolves roam throughout the 
northeastern Brooks Range and utilize most habitats of the area. Data fr·om 
the 1984-1985 ANWR study shows that wolves range primarily ii1 the mou:1ta:...ns 
and arctic foothills of the Brooks Range. This restricted range may be due 
to the presence of year round prey (Dall sheep and moose) and the terrain on 
the coastal plain renders wolves more vulnerable to harvest (Stephenson 
pers. comm.). Wolves use the coastal plain extensively in early summer with 
use decreasing sharply once caribou have left the area (Weiler et al. 1986). 

Den sites of wolves in arctic Alaska usually are found on moderately steep 
southern exposures where the soil is well drained and unfrozen during surr@er 
(Stephenson 1974). Land forms such as banks, escarpments, dunes, kames, and 
moraines are often associated with wolf dens (Stephenson 1974). The dens of 
7 of the 8 packs followed on ANWR were located. All dens were either on or 
near rivers with general exposures being southeast to southwest (Table 25). 
The Canning River den site was the only l used in both years. Wolves have 
been known to den in this area of the Canning River since the early 1970's. 
It is not known if the present den site was used previous to 1984, although 
development of the den site indicates that it was. The Kongakut River den 
had been used since 1975 and was well known among people familiar with the 
area. The Aichilik River den had not been reported previously, but size and 
development of the site indicates that it was used for several years. 
Neither pack denned in 1985, possibly due to death of the breeding pair due 
to rabies (Weiler et al. 1986). Two den sites (Hulahula and Malcolm) were 
first year sites used by first time breeding females that had formed new 
packs. Two den sites (Drain Creek and Egaksrak) were suspected first year 
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sites due to the lack of development around the site (tunnels, trn.ils, 
numbers of scats, etc.), with the den being little more than a tunnel. The 
only den not found was that of the Sadlerochit pack in 1984. This pack was 
nonexistant in 1985 (Weiler et al. 1986). 

Table 25. Locations and exposures at den sites in northeastern Alaskrt, 
1984-85. 

ltJol f Year General 
den active location 

Canning North 1984 River bank 
Aichilik 1984 Cut bank on river terrace 
Kongakut 1984 Mound on river terrace 

Canning North 1985 River Bank 
Canning South 1985 Cut bank on river terrace 
Hulahula 1985 River hank 
Egaksrak 1985 River bottom 
Drain Creek 198? High river hank 

Malcolm 1985 High river bank 

aAll bearings are true and were estimated from maps. 

Exposure of 
den entrancesa 

155°-240° 
85°-95° 
Natal 110°-115°; 
whelping 270°-280° 
155°-240° 
240°-250° 
210°-215° 
250°-270° 
East den 180°; 
West den 175°-180° 
180° 

Although wolves have been known to den on the coastal plain west of ANWR 
(Steohenson 1975), no dens were located on the ANWR coastal plain in 1984 
and 1985 although suitable habitat for denning appears to he present. 

Food Habits 

The gray wolf is primarily a predator of large mammals such as white-tailed 
deer (Odocoileus virginianus), elk (Cervus elaphus), moose (Alces alces), 
sheeo (Ovis dalli), caribou (Rangifer tarandus), and bison (bison bison). 
As a species, the wolf ranges over a much wider area than any of it's prey, 
and different populations of wolves utilize different prey species (Mech 
1970). In each region, only lor 2 species make up most of the wolf's diet 
(Mech 1970). In areas where wolves reside in association with man, the wolf 
will also prey on domestic animals. The smallest consistent prey of wolves 
is the beaver (Castar canadensis) (Nowak and Paradiso 1983). Holves also 
feed on a large variety of small mammals, birds and fish, which when 
abundant may be important over short periods when larger prey is 
unavailable. Ballard et al. (1981) stated that although high densities of 
small mammals could be an important food supplement, areas with low ungulate 
density have a low carrying capacity for wolves regardless of the abundance 
of small mammals and birds. When viewed in the total perspective of the 
wolf's food habits, predation on small animals is seen to play only a minor 
role in the life of the wolf (Mech 1970). Wolves may cache food for later 
use (Murie 1944, Harrington 1981), as has been reported for other canids. 

Mech 0970) discussed several studies indicating that "younger" and "older" 
animals were preyed upon by wolves in greater numbers than occurred in the 
prey population. Mech and Frenzel (1971), Kuyt (1972), Carhyn (1983), Rnd 
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Petersen et al. (1984) also reoorted similRr findings. In southcentral 
AlaskR, Ballard et al. (l08l) reported that moose calves were preyed upon in 
proportion to their abundance. They also found that in severe winters 
wolves preyed upon adult moose in proportion to their occurrence in the 
population, while during average or mild winters relatively older moose were 
being preyed upon. In discussing data presented by Ballard et al. (1_981), 
Peterson et ;1l. ( l 984) suggests that wolves killed all ages of moose n. t 
about the same rR te during summer as in 'tJinter, vJhich is i.n contrast to a 
number of other studies and suggests variability in summer predation pattern. 

In the north central Brooks Range, scat analysis jndicated that wolves 
depend primarily on ungulates for food during summer months, but consume a 
variety of other items (Stephenson and Johnson 1972, Stephenson l975a). 
Small mammals occur regularly in the summer diet and in some cases may 
compose as much as 50% of the diet (Stephenson l975a). This phenomenon may 
he the result of caribou being rare in some areas during June and July 
(Stephenson and Johnson 1972). The summer diet of wolves in this area shows 
great variety depending on geographical, seasonal and annual differences in 
prey availability. These data (Stephenson and Johnson 1972), were in 
general agreement with results reported by Kuyt (1970) in the Northwest 

Territories. 

In the northwestern Brooks Range, adult caribou comprised 91.8% and 04.4% of 
orey consumed by two wolf packs (Table 26). On ANWR, analysis of scats from 
den sites also showed caribou Here also the major prey species consumed 
durin!! the denning season during most years, although moose and Dall sheep 
Here also utilized (Table 27). Differences in orey consumed betHeen 
northHestern and northeastern Brooks Range Holf packs is probablv due to 
differences in the resident prey populations. Dall sheep and moose Here not 
abundant in the area of northHestern Alaska observed by James (1983). The 
shift from moose to caribou in the diet of the 1984 and 198~ Cannjng packs 
(Table 27), coincided Hith a decrease in the packs size. This may indicate 
the packs' inability to utilize larger prey such as moose, rather than a 
change in the availability of 2 prey soecies. 

Table 26. Composition (%) of prey consumed by Holf packs in the northvJestern 
Brooks Range, Alaska (James l983)a. 

Caribou adulta 
caribou calf 
moose adultd 
moose cRlf 
Dall sheep adult 
Dall sheep lamb 
Non-ungulateh 

a Summer of 1077 and 1978. 

Ilisluruk 
pack 

91.8 
4.8 
0.7 
0.3 

2.4 

NorthHestern 

h Non-ugulates from James Here for ground sauirrels only. 
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Anisak 
pack 

94.4 
1.2 
3.0 
1.2 

0.2 
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sites due to the lack of development around the site (tunnels, tr<=1ils, 
numbePs of scats, etc.), with the den being little more than a tunnel. The 
only den not found was that of the Sadlerochit pack in 1984. This pack was 
nonexistant in 1985 (Weiler et al. 1986). 

Table 25. Locations and exposures at den sites in northeastern Alaska, 
1984-85. 

1rlol f 
den 

Canning North 
Aichihk 
Kongakut 

Canning North 
Canning South 
Hulahula 
Egaksrak 
Drai!1 Creek 

Malcolm 

Year 
active 

1984 
1984 
1984 

1985 
1985 
1985 
1985 
198? 

1985 

General 
location 

River bank 
Cut bank on river terrace 
Mound on river terrace 

River Bank 
Cut bank on river terrace 
River hank 
River bottom 
High river bank 

High river bank 

aAll bearings are true and were estimated from maps. 

Exposure of 
den entrancesa 

155°-240° 
85°-95° 
Natal 110°-115°; 
whelping 270°-280° 
Fi5°-240° 
240°-250° 
210°-215° 
250°-270° 
East den 180°; 
West den 175°-180° 
180° 

Although wolves have been known to den on the coastal plain west of ANWR 
( Steohe!lson 1975), no dens were located on the ANWR coastal plain in 1984 
and 1985 although suitable habitat for denning appears to he present. 

Food Habits 

The gray wolf is primarily a predator of large mammals such as white-tailed 
deer (Odocoileus virginianus), elk (Cervus elaphus), moose (Alces alces), 
sheeo (Ovis dalli), caribou (Rangifer tarandus), and bison (bison bison). 
As a species, the wolf ranges over a much wider area than any of it's prey, 
and different populations of wolves utilize different prey species (Mech 
1970). In each region, only lor 2 species make up most of the wolf's diet 
(Mech 1970). In areas where wolves reside in association wit~ man, the wolf 
will also prey on domestic animals. The smallest consistent prey of wolves 
is the beaver (Castar canadensis) (Nowak and Paradiso 1983). \ololves also 
feed on a large variety of small mammals, birds and fish, which when 
abundant may be important over short periods when larger prey is 
unavailable. Ballard et al. (1981) stated that although high densities of 
small mammals could be an important food supplement, areas wit~ low ungulate 
density have a low carrying capacity for wolves regardless of the abundance 
of small mammals and birds. When viewed in the total perspective of the 
wolf's food habits, predation on small animals is seen to play only a minor 
role in the life of the wolf (Mech 1970). Wolves may cache food for later 
use (Murie 1944, Harrington 1981), as has been reported for other canids. 

Mech 0970) discussed several studies indicating that "younger" and "older" 
animals were preyed upon by Hol ves in greater numbers than occurred in the 
prey population. Mech and Frenzel (1971), Kuyt (1972), Carhyn (1983), and 
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Petersen et al. (1984) also reoorted similar findings. In southcentral 
Alaska, Ballard et al. (l08l) reoorted that moose calves were preyed upon in 
proportion to their abundance. They also found that in severe winters 
wolves preyed upon adult moose in proportio!1 to their occurrence in the 
population, while during average or mild winters relatively older moose were 
being preyed upon. In discussing data presented by Ballard et al. (I 981), 
Peterson et ;_'1.1. (1984) suggests that wolves killed all ages of moose at 
<=1bout the same rate during summer as in 'winter, which is i_n contrast to a 
number of other studies and suggests variability in summer predation pattern. 

In the north central Brooks Range, scat analysis indicated that waives 
depend orimari ly on ungulates for food during summer months, but consume a 
variety of other items (Stephenson and Johnson 1972, Stephenson l975a). 
Small mammals occur regularly in the summer diet and in some cases may 
compose as much as 50% of the diet (Stephenson l975a). This phenomenon may 
he the result of caribou being rare in some areas during June and July 
(Stephenson and Johnson 1972). The summer diet of wolves in this area shows 
great variety depending on geographical, seasonal and annual differences in 
prey availability. These data (Stephenson and Johnson 1972), were in 
general 8greement with results reported by Kuyt (1970) in tbe Northwest 

Territories. 

In the northwestern Brooks Range, adult caribou comprised 91.8% and a4.4o/, of 
orey consumed by two wolf packs (Table 26). On ANWR, analysis of scats from 
den sites also showed caribou were also the major prey species consumed 
during the denning season during most years, although moose and Dall sheep 
were also utilized (Table 27). Differences in orey consumed between 
northwestern and northeastern Brooks Range wolf packs is probabl v due to 
differences in the resident prey populations. Dall sheep and moose were not 
abundant in the area of northwestern Alaska observed by James (1983). The 
shift from moose to caribou in the diet of the 1984 and 198~ Cannjng packs 
(Table 27), coincided with a decrease in the packs size. Tbis may indicate 
the packs' inahil i. to uti 1. ize larger prey such as moose, rather than a 
change in the availability of 2 prey soecies. 

Table 26. Composition (%) of prey consumed by \·JOlf packs 
Brooks Range, Alaska (James 1983) 8 • 

Caribou adulta 
caribou calf 
moose adultd 
moose calf 
Dall sheep adult 
Dall sheep lamb 
Non-ungulateh 

a Summer of 1077 and 1978. 

Il isluruk 
pack 

91.8 
4.8 
0.7 
0.3 

2.4 

Northwestern 

h Non-ugulates from James were for ground sauirrels only. 
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94.4 
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0.2 
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_fmpacts of' Exist -;,rJg Prc~~:ss~s _ar:d Activities 

Numero:Js n0turallv occurring pr·ocesses influe!'lce mortality and population 
numbers of wolves. In ~~~ro mortality has been reported by Rauscb (lQfi7), 
but the causes of such mortality were undetermined. Post-parturition 
mortality factors sue~ as canine distemper, rabies, malnutrition, parasites, 
cannibal ism, pl"edat ion by golden eagles ( Aauila chrysaetos) 3nd brown hears 
(~!'su~ arctos), porcupi_ne quill infection, ar·d accidents -(Murie 1Q4Lt, Mech 
lq?O, Kuyt lQ72, Stephenson and Johnson lQ72, Chapman 1q77 and lQ78, Weiler 
et al. lQ8~) influence wolf pooulations. Certain social mechanisms such as 
stress, corr:peti tiun, and subordination c:lso functior1 to control wolf 
populations (Mech lQ70, Zimen lG76, Packard eL al. la83). 

Disease. Perio::Lc outbreaks of ra.bies are well documented i.n aY'ct i_c foxes 
(AloDeX lngopus), which ar·e also the principle vector of rc:~hies in arctic -----

areas (:Rausch 1'!58, Kantorovich la64, SyCJzyumova la67). The highest numbers 
of cases and peaks in outbreaks occur during the winter months (Kantorovich 
lq64, SyCJzvumova lQ~8, Ritter ~e~s. comm.). In Alaska, outbreaks occur from 
January to April with peaks in February (Ritter pers. comm.). Large numbers 
of arctic foxes were observed by local ~esidents along the ANWR coast in 
early winter lQ84. During the winter of lCJ84-lQ8'5 an epizootic of rahies 
occurred, with cases of rabi.es in both arctic and red foxes (Vulpe~ vulpes) 
being documented from a number of areas across the coastal plain of northern 
Alasva (L. Dalton, D. Ritter pers. comm.) 

Rabid \,·JOlves in Alaska are rar·ely recorded. Chaoman (lQ78) documented the 
death of at least ~ of 10 members of a wolf pack on the Hulahula River due 
to '"abies. Between April and ,July i 035, C) wolves wer'e found dead on ANWR 
(Fig. 1.[7). Five of the q tested positive for rat,ies with 2 that were 
undetermined, hut probable, and 2 were negative. The 5 rabid animals were 
found between 7 April and 17 May. Three of the 5 were found during a 4 day 
period over a distance of app~oximately 255 km. Two wolves were found dead 
16 and 20 rlavs after capture, which indicates that these animals were in the 
incubation per:i.od at the time of capture or became exposed immediately 

afterward. 

TwtJ wolves were thought to have rabies, but not diagnosed due to advanced 
decomoosi tion of the carcasses. One wc:s found at the Kongakut River den 
site and was believed to have been associated with l of the wolves which was 
confirmed rabid. The other wolf was found in the Canning River den. This 
wolf had a large number of porcupine auills in the face and muzzle area of 
the head, as has been commonly reported for rabid foxes and wolves. 
However, MacDonc::ld (l gBO) stated that canine distemper may mimic rabies. 
Foxes having canine distemper sometimes show aggressive behavior resembling 
that of rabid animals (Helmbolt and Jungherr lCJ55; Habermann et al. lQ58, as 
cited by Rausch lCJ58). Carbyn (1Q82) also indicated unusual behavior may be 
due to encephalitic implications brought on by distemper. Canine distemper 
there:ore cannot be ruled out as the possible cause of death in this wolf. 

Two wolves where found on lQ and 30 June lCJ85 and were negative for rabies. 
One was an unmarked wolf, while the other was a member of the Canning River 
pack. Causes of death were undetermined, but necropsy results indicated 
that a possible cause was viral pneumonia or bronchitis, which may have been 
precicitated by canine distemper. 
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111 1985, 9 of the 12 documented mor'tali ties were due to disease. 
represents a mortality of 26% of the known 1984 fall population. 

This 

Human Induced Mortality. In the past, human activity has often had negative 
consequences for wolves. The extirpation of wolves from extensive areas of 
North America and Eurasia has been dir'ectly associated with human settlement 
activities. Pr'edator control and bounty pr'ograms using guns, traps, and 
poison, effectively removed wolves from major agricultural areas of the U.S. 
and Canada. Government sponsored aerial hunting and poisoning of wolves 
during the 1940's and 1950's greatly r'educed wolf populations in some areas 
of Alaska (Rausch and Hinman 1977). Wolf populations in many of these areas 
have since recovered. Wolves wer'e relatively abundant on the north slope of 
Alaska prior to aerial wolf hunting and predator control activities, which 
became intensive in this area in the early to mid-1950's (Stephenson per. 
comrJ.). Between 1952 and 1958, more than 1500 wolves were killed on the 
nor'th slope of the Brooks Range (Harbo and Dean 1983). In 1962 it was 
recognized that wolf numbers on the north slope were depressed and an annual 
bag 1 imi t of 2 wolves was imposed. In 19 68 the Alaska Department of Fish 
and Game abolished bounties on wolves except for a few areas in southwest 
Alaska. Aer'ial hunting of wolves on the north slope was banned in 1970. 

Human induced mortality on ANWR is the r'esult of harvest by local residents, 
tr'apping, spor't hunting, and illegal aerial hunting. Illegal aerial hunting 
is pr'obahly more common south of the Brooks Range, occurring only 
spor'adically north of the Brooks Range. Few wolves ar'e taken by spor't 
hunter's due to the fact that hides ar'e usually not prime at the time most 
sport hunting for moose and dall sheep occurs. Most harvest of wolves 
occurs from local r'esidents using snowmachines. In past years the extent of 
this harvest was unknown because most hides ar'e used locally and therefore 
were usually not sealed. During 1984-1985, 10 wolves wer'e harvested. All 
10 wolves were taken by local residents of which 2 were r'eoorted but not 
confirmed, and 2 were taken illegally after the season closed. Seven were 
harvested in 1984 and 3 were har'vested in 1985. No harvest has yet been 
reported for 1986. Human harvest in 1985 was 9% of the 1984 fall 
population, while the total known mortalities (human and natural) in 1g85 
represented 35% of the 1984 fall population. 

Data Gaps 

The current wolf study has shown that the wolves on ANWR are part of dynamic 
and wide ranging population. Interchange and formation of new packs is 
common, while lone wolves and dispersing animals may travel great distances 
and follow caribou migration. To understand the basic ecology of this 
population (territories, movements, and prey interrelationships), additional 
data are needed. These data needs include winter movements, winter food 
habits, and the availability and number of prey species at various times of 
the year. 

Wolver'ine (Gulo gulo luscus) 

Distr'ibution, Range and Population Size 

1tlol verines are circumpolar' in distribution, inhabiting the remote northern 
conifer'OUs forest and tundra regions of North America and Eurasia. In North 
America the wolverine is found throughout most of Alaska, the Yukon and 
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Northwest Territories, Brit ish Columbia, the Rocky Mountains of Canada and 
northern U.S., the northern po~tions of the Prairie Provinces of Canada, and 
the remote regions of Ontario, Quebec and Labrador (Rausch and Pearson 1972, 
van Zyll de Jong 1975). Throughout its global distribution, the wolverine 
is noted for its avoidance of humans, solitary-wide ranging nature, and 
sparse densities. These characteristics make the wolverine difficult to 
study, and conseauently few ecological studies have been completed. The 
application of radio telemetry techniaues in the study of wolverines has 
recently yielded additional knowledge of the species ( Hornocker and Hash 
lQRl, Magoun 1985, Gardner 1985). 

Although wolverines are known to inhabit the coastal plain of ANWR little is 
known about their abundance, distribution, movements, home ranges, food 
habits, or other ecological relationships (U.S. Fish and Wildlife Service 
1982). Records of '...rolverine sightings for the area are sparse. During 
extensive biological field studies in the early 1970's, only 26 wolverine 
sightings were recorded in northeastern Alaska, 10 of which occurred north 
of the continental divide, with l observation occurring within the coastal 
plain of ANWR (Qu·imby l974b, Quimby and Snarski 1974). Recent biological 
field studies on the ANWR coastal plain have also resulted in a low 
Incidence of wolverine sightings. Observer effort associated with a variety 
of wildlife study observations within the study area during 1982-198") was 
extensive as well as intensive, yet few wolverines were observed. Efforts 
to capture and mark wolverines on or adjacent to the study area were also 
unsuccessful due to the low incidence of wolverine observations (Maue~ 

1985). The low number of wolverine observations during a period of high 
observer effort suggests that wolverine density may be relatively low in the 
study area. 

Life Historv 

The wolverine is the largest terrestrial member of the weasel family 
(Mustelidae). Adult males weigh up to 20kg (average weight for males is 
about l3kg), 1.,rhile females average about 9.Skg (Rausch and Pearson 1972). 
TlJol verines are noted for their stocky body build and powerful musculature. 
Tooth structure and composition indicate that the wolverine has evolved 
prima~ily as a scavenger, although it does function as a predator. 

Adult Holverines usually breed in late spring and early summer (Rausch and 
?ear son 1972). Magoun ( l 985) observed adult wolverines breeding in early 
,June in northwest Alaska. Rausch and Pearson (1972) reported that some 
female wolverines mature at about l year and produce their first litters 
~.Jhen they are 2 years old. In northwest Alaska, Magoun (1985) observed a 
young female wolverine ( 17 or 29 months old) breeding in early August; 
however, no young were produced. Following breeding, the embryos are not 
implanted until during winter. The average litter size (based on fetuses 
~ecovere~ from carcasses) for 54 Alaskan and Yukon wolverines Has 3.5 
(Rausch and Pearson 1972). Only 1.8 young/litter (based on 4 observations 
of 2-3 month old kits with maternal females) were recorded by Magoun (1985) 
in northwest Alaska. In 1982 a female wolverine with 2 young were observed 
near the southern perimeter of the ANWR study area (P. Reynolds pers. comm.). 

Young wolverines are horn in late winter (early March in northwest Alaska) 
in snow dens (Magoun 1979). They grow rapidly and usually are able to move 
out of the den Hithin a month (Magoun l98S). By fall the young wolverines 
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are nearly full-grown. Based on a limited number of relocations of 
radio-collared animals in northwest Alaska, it appears that young wolverines 
disperse from their mothers during January-May (Magoun 1985). 

The food habits of the wolverine reflect an opportunistic feeding behavior. 
Wolverines have been reported killing large ungulates such as dall sheep, 
caribou, and moose (Burkholder 1962, Haglund 1974, Gill 1978). It is 
generally thought that in Alaska the wolverine is more often a scavenger 
than a predator of the large ungulates (Rausch and Pearson 1972). Magoun 
(1985) found that food items in the wolverine's diet in northwest Alaska 
varied with season. Arctic ground sauirrels were an important food i tern 
throughout most of the year. Caribou were utilized in May and June when 
large numbers were in the area studied. During June and July, wolverines 
also prey on birds and their nests. An important winter food for wolverines 
in the tundra environment appears to be ground sauirrels that are cached 
during the fall or excavated from their hibernacula (Magoun l98S). Cached 
remains of caribou calves were utjlized by a wolverine during early spring 
l 984 in the ANWR study area and a wolverine was observed killing a ground 
sauirrel south of the study area during late summer (Mauer 1985). These 
observations suggest that wolverines in the ANWR study area have food habits 
similar to those reported for wolverines in northwestern Alaska. 

In the mixed tundra and boreal forest environments of southcentral Alaska 
wolverines fed mostly on ungulate carrion (primarily moose) during winter 
and demonstrated lower reliance on cached food resources (Gardner 1985). 
The abundance and turnover rate of large herbivore populations appears to 
influence wolverine distribution (van Zyll de Jong 1975). Results of 
several recent studies (Hornocker and Hash 1981, Magoun 1985, Gardner l98S) 
confirm this relationship. The presence of primary predators such as wolves 
and brown bears may also be important in increasing food (ungulate 

carcasses) for ~.Jolverines. 

Habitat 

Based on observations and tracks noted during studies in the early 1970's, 
and recent biological studies, it is apparent that wolverines freauent all 
types of terrain within the ANWR study area (Quimby and Snarski 1974, Mauer 
1985). Features such as rivers and mountains do not inhibit wolverine 
movements (Magoun 1979), but are often utilized as terri tory boundaries 
(Gardner 1985). Magoun (1985) found that adult female wolverines with young 
were territorial and occupied considerably smaller home ranges than adult 
males. Snoi.J drifts are important habitat as wolverine den sites (Pulliainen 
1968). In the tundra environment, remnant snow drifts in small drainages 
with associated meltwater caverns were an important rearing habitat used by 
maternal females and their offspring (Magoun 1985). In northwest Alaska, 
females with young inhabited 3 general habitat types (tussock meadows, 
vegetated upland tundra, and bare hilltops) 70% of the time. The amount 
each type was used seemed to depend on the specific setting of each 
individual territory and the season of the year (Magoun 1985). In 
southcentral Alaska, wolverines demonstrated seasonal shifts in habitat use: 
alpine tundra during summer, spruce forest during winter (Gardner 1985). 

An intensive study of an essentially unharvested population of wolverines in 
northwest Alaska estimated fall wolverine densities of l/SSkm2-l/74km2 
in an arctic foothills area (Magoun lg8t:)). Other reported wolverine 
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F1?;). Records of ·r~olverine sightings for the area are soarse. During 
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:;lc;"n ::Jf MJHR (Quimby la74b, Quimby and Snarski la74). Recent biological 
~lelri studies on the ANWR coastal olain have also resulted in a low 
nci.lence of wolverine sightings. Observer effort associated with a variety 

·~-f c'.'ildLfe studv observations within the study area during lQ82-la8S was 
ext':?ns-ive as 'well as intensive, yet few '..Jolverines were observed. Efforts 
~~o capture and rr.ark Holverines on or adjacent to the study area v1ere also 
un:cmccessful due to the low incidence of wolverine observations (1'1aue"' 
1 ')). The lo'vl number of Holverine observatior1s during a period of high 
Jbserver effort suggests that wolverine ~ensity may be relatively low in the 
study c.rea. 
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~he wolverine is the largest terrestrial member of the weasel family 
r~1ustelidae). Adult males weigh up to 2()kg (average weight for males i_s 
about l3kg), 1-'lhile females average about a.Skg (Rausch and Pearson la72). 
'.,Joi verines are noted for their stocky l>ody build and powerful muscul8ture. 
Toot;-; structure and composition indicate that the wolverine has evolved 
n~imaY'ily as a scavenger, although it does function as a predator. 

Adul: '.volveri:-Jes usually breed in late spring and early summer (Rausch and 
'.e3r"son l97:n. Magoun (lq85) observed adult wolverines breeding in early 
.Tune in northwest Alaska. Rausch and Pearson (la72) reported that some 
f-=·r~ale wolverines !Tlature at about l year and produce their first litters 
Hhen they are 2 years old. In northwest Alaska, Magoun (la85) observed a 
your':: female wolverine ( 17 or 2a months old) breeding in early Augu.st; 
he--rever, no youn[ were oroduced. Following breeding, the embryos are not 
implanter~ until during winter. The average litter size (based on fetuses 
recovered from carcasses) for '54 AlRskan and Yukon wolverines was ?.~ 

(;•a_usch and Pearson la72). Only 1.8 young/litter (based on 4 observations 
of 2-~ month old kits with maternal females) were recorded by Magoun (lq85) 
in northwest Alaska. In la82 a female wolverine with 2 young were observed 
18ar the southern oerimeter of the ANWR study area (P. Reynolds pers. comm.). 

wolverines are born in late winter (early March in northwest Alaskal 
in snow dens (Magoun la7a). 1'hey grow rapidly and usually are ahle to move 
out ')f the den e-li thin a month (Magoun l a8'3). By fall the young wolverines 
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are nearly full-grown. Based on a limited number of relocations of 
radio-collared animals in northwest Alaska, it appears that young wolverines 
disperse from their mothers during January-May (Magoun lG8')). 

The food hahits of the wolverine reflect an opportunistic feeding behavior. 
Wolverines have been reoorted killing large ungulates such as dall sheep, 
caribou, and moose (Burkholder lQ62, Haglund la74, Gill 1978). It is 
generally thought that in Alaska the wolverine is more often a scavenger 
than a predator of the large ungulates (Rausch and Pearson la72). Magoun 
(la85) found that food items in the wolverine's diet in northHest Alaska 
varied with season. Arctic ground squirrels were an important food i tern 
throughout most of the year. Caribou were utilized in t-1ay and June when 
large numbers were in the area studied. During June and July, wolverines 
also prey on birds and their nests. An important winter food for Holverines 
in the tundra environment appears to be ground squirrels that are cached 
during the fall or excavated from their hibernacula (Magoun laSS). Cached 
remains of caribou calves were utjlized by a Holverine during early spring 
la84 in the ANWR study area and a \-'lolverine was observed killing a ground 
squirrel south of the study area during late summer (Mauer lQ8')). These 
observations suggest that wolverines in the ANWR study area have food habits 
similar to those reported for wolverines in northwestern Alaska. 

In the mixed tundra and boreal forest environments of southcentral Alaska 
•r~ol verines fed mostly on ungulate carrion (primarily moose) during winter 
and demonstrated lower reliance on cached food resources (Gardner la85). 
The abundance and turnover rate of large herbivore populations appears to 
influence wolverine distribution (van Zyll de Jong lQ75). Results of 
several recent studies (Hornocker and Hash la8l, Magoun la8S, Gardner laSS) 
confirm this relationship. The presence of primary predators such as wolves 
and brown bears may also be important in increasing food (ungulate 
carcasses) for wolverines. 

Habitat 

Based on observations and tracks noted during studies in the early lQ70's, 
and recent biological studies, it is apparent that wolverines frequent all 
types of terrain within the ANWR study area (Ouimby and Snarski la74, Mauer 
la85). Features such as rivers and mountains do not inhibit wolverine 
movements (Magoun la79), hut are often utilized as terri tory boundaries 
(Gardner la85). Magoun (la8'5) found that adult female wolverines with young 
Here territorial and occupied considerably smaller home ranges than adult 
males. Snow drifts are important habitat as wolverine den sites (Pulliainen 
1968). I11 the tundra environment, remnant snow drifts in small drainages 
with associated meltwater caverns were an important rearing habitat used by 
maternal females and their offspring (Magoun la85). In northwest Alaska, 
females with young inhabited 3 general habitat types (tussock meadows, 
vegetated upland tundra, and bare hilltops) 70% of the time. The amou'1t 
each type was used seemed to depend on the specific setting of each 
individual territory and the season of the year (Magoun 198'5). In 
southcentral Alaska, wolverines demonstrated seasonal shifts in habitat use: 
alpine tundra during summer, spruce forest during winter (Gardner lQ8'5). 

An intensive study of an essentiallv unharvested population of wolverines in 
northwest Alaska estimated fall wolverine densities of l/'3'3km2-l/74km2 
in an arctic foothills area (Magoun la8'5). Other reported wolverine 
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densities include l/65km2 in northwestern Montana (Hornocker and Hash 
1981) and l/76km2-l/l43km2 in southcentral Alaska (Gardner and Ballard 
1983). In northwestern Alaska the home ranges of male wolverines were 
considerably larger than those of females, and overlapped several female 
home ranges (Magoun 1985). The average summer home range size was 94km2 
for females, and 626km2 for males (Magoun l 985). Lactating females range 
over a much reduced area during March and April when young are horn and 
reared. 

Impacts of Natural Processes and Human Activities 

Little is known about how wolverine populations respond to the influences of 
natural processes. Some observations have been reported of wolves killing 
wolverines (Boles 1977), however, the significance of such mortality, is not 
understood. Several authors indicate that food availability may be a factor 
in wolverine mortality and abundance (van Zyll de Jong 1975, Hornocker and 
Hash 1981). 1"1 the tundra environment, wolverine productivity was 
apparently reduced when food was scarce (Magoun 1985). If caribou 
populations decline wolverine numbers would also decrease (Magoun 1985). 
Circumstantial evidence indicates that wolverine abundance throughout much 
of eastern and central Canada resulted from direct exploitation of 
wolverines as well as reductions in large herbivore populations which were a 
primary food source of wolverines (van Zyll de Jong 1975). 

Records of wolverine pelts sealed hy the Alaska Department of Fish and Game 
(ADF&G) indicate that an average of about l wolverine/year is harvested from 
the refuge coastal plain area (U.S. Fish and Wildlife Service 1082). Actual 
harvest may be higher, however, due to incomplete reporting. Magoun (1985) 
estimated the reported harvest of wolverines for the Alaskan north slope 
represented no more than 10% of the actual harvest. Wolverines are 
occasionally taken by trappers having traplines near the village of 
Kaktovik. Sealing records indicate that these animals are mostly sub-adults 
which may be dispersing onto the coastal plain from the foothills region to 
the south. According to Jacobson and Wentworth 0982), Kaktovik residents 
harvested 6 wolverines in l 97,9 and 7 in l 980. The areas most frequently 
hunted for wolverines by Kaktovik residents are the foothills and northern 
mountain areas of the Sadlerochit, Hulahula, and Okpilak River drainages. 

In tundra areas such as the ANWR study area wolverines are especially 
vulnerable to human harvest due to the high visibility of the animals or 
their tracks from airplanes and snow mobiles during winter. Wolverine pelts 
are highly prized by Eskimo residents for parka ruffs. Prices paid for 
wolverine pelts in arctic communi ties are often considerably higher than 
those quoted from national and international markets (Quick 1952). 
Therefore, the harvest of wolverines Hi thin the study area may be great 
enough that Holverine numbers are depressed in areas where hunting pressure 
is high. This could partially explain the relatively low level of wolverine 
observations recorded for the area. More definitive information regarding 
wolverine abundance, productivity and actual harvest levels is necessary to 
determine the current status of wolverines in the ANWR study area. 

Arctic Fox (Alopex lagopus) 

The arctic fox is among the smallest of the canids, weighing from 1.4 to 3.2 
kg (Chesemore 1975). It is the only canid to undergo marked seasonal color 
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changes and occurs in 2 color phases, the white and the blue. The white 
phase is white in winter while in summer it is dark brown on back, legs, 
tail and head with white or yellowish underparts. The blue phase varies 
from grayish to almost black in both summer and winter. These genetically 
distinct Phases interbreed, and their ratios show much variation over the 
arctic region (Larson 1960). Both phases may occur in the same litter 
(Stephenson 1970). 

The pelt of the arctic fox attracted many of the first European explorers 
anci traders to the lands bordering the Arctic Ocean (Macpherson 1969). In 
Canada and other northern countries, arctic fox populations vi tally affect 
the settlement and economy of large, inhabitable areas (Macpherson 1969). 
In northern Alaska its importance to the fur industry has declined in recent 
years as alternate sources of income have become established in connection 
with northern development (E. Follmann and F. Fay. 1981. Unpubl. report, 
in files of E. Follmann, Uni v. of Alaska). According to Hall and Kelson 
(1959), there are 3 subspecies of arctic fox in Alaska, however, 2 are 
restricted to islands in the Bering Sea (Fig. 1). Pengilly (1981) believed 
there was insufficient variation between ~·l· hallensis and ~·l· lagopus to 
warrant ~·l· hallensis's designation as a separate subspecies. 

Distribution, Range and Size of Populations 

Arctic foxes are circumpolar in distribution and inhabit the arctic or 
tundra zone of North America and Eurasia, and portions of the alpine zone in 
the mountains of Norway and Sweden, and also breeds on the barren islands of 
the arctic portions of the North Atlantic and North Pacific Oceans 
(Chesemore 1975). In Alaska, the arctic fox (white phase) inhabits the 
western and northern arctic coast and tundra areas (Fig. 48). The white 
phase is predominant on St. Lawrence, St. Matthew, Hall, and Diomede 
Islands, as well as most of the other islands in the Bering Sea. The blue 
phase is predominant on the Prihilaf and Aleutian Islands, however, the 
white phase does occasionally occur among the blue phase populations 
(Chesemore 1967). 

Arctic foxes are commonly found along the coast during winter and are often 
observed on the sea ice where they may wander large distances and/or are 
transported on drifting ice floes. They have been observed on the ice pack 
approximately 640 km north of the arctic coast of northern Alaska (Chesemore 
1975). Occasionally, arctic foxes are found in interior Alaska as far south 
as Arctic Village. Range of the arctic fox may be limited by habitat 
preference and competition with red fox (Vulpes vulpes) (Chesemore 1967). 

Arctic fox populations fluctuate in cycles that have been related to the 
cycles in populations of microtines (Dementyeff 1958, Tchirkova 1958, 
Chesemore 1967, 1975, Wrigley and Hatch 1976), which are the principal prey 
item. In Alaska the peaks in populations occur approximately every 4 years 
(Chesemore 1967), while in Manitoba the peaks averaged every third year, but 
ranged from 2 to 7 years (Wrigley and Hatch 1976). Chesemore 0975) cited 
several authors that indicated average peaks at 4 year intervals in Ungava, 
Labrador, Greenland, Novaya, northern Quebec, and the Northwest 
Territories. While it appears that arctic fox population cycles are 
generally similar in most areas, the cyclic peaks are not necessarily 
synchronous. Within any given year the number of foxes in autumn will tend 
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densities include l/65km2 in northwestern Montana (Hornocker and Hash 
1981) and l/76km2-l/l43km2 in southcentral Alaska (Gardner and Ballard 
1983). In northwestern Alaska the home ranges of male wolverines were 
considerably larger than those of females, and overlapped several female 
home ranges (Magoun 1985). The average summer home range size was 94km2 
for females, and 626km2 for males (Magoun 1985). Lactating females range 
over a much reduced area during March and April when young are horn and 

reared. 

Impacts of Natural Processes and Human Activities 

Little is known about how wolverine populations respond to the influences of 
natural processes. Some observations have been reported of wolves killing 
wolverines (Boles 1977), however, the significance of such mortality, is not 
understood. Several authors indicate that food availability may be a factor 
in wolverine mortality and abundance (van Zyll de Jong 1975, Hornocker and 
Hash 1981). In the tundra environment, wolverine productivity was 
apparently reduced when food was scarce (Magoun 1985). If caribou 
populations decline wolverine numbers would also decrease (Magoun 1985). 
Circumstantial evidence indicates that wolverine abundance throughout much 
of eastern and central Canada resulted from direct exploitation of 
wolverines as well as reductions in large herbivore populations which were a 
primary food source of wolverines (van Zyll de Jong 1975). 

Records of wolverine pelts sealed by the Alaska Department of Fish and Game 
(ADF&G) indicate that an average of about l wolverine/year is harvested from 
the refuge coastal plain area (U.S. Fish and Wildlife Service 1082). Actual 
harvest may be higher, however, due to incomplete reporting. Magoun (1985) 
estimated the reported harvest of wolverines for the Alaskan north slope 
represented no more than 10% of the actual harvest. Wolverines are 
occasionally taken by trappers having traplines near the village of 
Kaktovik. Sealing records indicate that these animals are mostly sub-adults 
which may be dispersing onto the coastal plain from the foothills region to 
the south. According to Jacobson and Wentworth 0982), Kaktovik residents 
harvested 6 wolverines in 197,9 and 7 in 1980. The areas most frequently 
hunted for wolverines by Kaktovik residents are the foothills and northern 
mountain areas of the Sadlerochit, Hulahula, and Okpilak River drainages. 

In tundra areas such as the ANWR study area wolverines are especially 
vulnerable to human harvest due to the high visibility of the animals or 
their tracks from airplanes and snow mobiles during winter. Wolverine pelts 
are highly prized by Eskimo residents for parka ruffs. Prices paid for 
wolverine pelts in arctic communi ties are often considerably higher than 
those quoted from national and international markets (Quick 1952). 
Therefore, the harvest of wolverines Hi thin the study area may be great 
enough that Holverine numbers are depressed in areas where hunting pressure 
is high. This could partially explain the relatively low level of Holverine 
observations recorded for the area. More definitive information regarding 
wolverine abundance, productivity and actual harvest levels is necessary to 
determine the current status of wolverines in the ANWR study area. 

Arctic Fox (Alopex lagopus) 

The arctic fox is among the smallest of the canids, Heighing from 1.4 to 3.2 
kg (Chesemore 1975). It is the only canid to undergo marked seasonal color 
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changes and occurs in 2 color phases, the white and the blue. The Hhi te 
phase is Hhi te in winter while in summer it is dark broHn on back, legs, 
tail and head with white or yelloHish underparts. The blue phase varies 
from grayish to almost black in both summer and winter. These genetically 
distinct phases interbreed, and their ratios show much variation over the 
arctic region (Larson 1960). Both phases may occur in the same litter 
(Stephenson 1970). 

The pelt of the arctic fox attracted many of the first European explorers 
anrl traders to the lands bordering the Arctic Ocean (Macpherson 1969). In 
Canada and other northern countries, arctic fox populations vi tally affect 
the settlement and economy of large, inhabitable areas (Macpherson 1969). 
In northern Alaska its importance to the fur industry has declined in recent 
years as alternate sources of income have become established in connection 
with northern development (E. Follmann and F. Fay. 1981. Unpubl. report, 
in files of E. Follmann, Uni v. of Alaska). According to Hall and Kelson 
(1959), there are 3 subspecies of arctic fox in Alaska, however, 2 are 
restricted to islands in the Bering Sea (Fig. l). Pengilly 0981) believed 
there Has insufficient variation between ~·l· hallensis and ~·l· lagopus to 
warrant ~-l· hallensis's designation as a separate subspecies. 

Distribution, Range and Size of Populations 

Arctic foxes are circumpolar in distribution and inhabit the arctic or 
tundra zone of North America and Eurasia, and portions of the alpine zone in 
the mountains of Norway and Sweden, and also breeds on the barren islands of 
the arctic portions of the North Atlantic and North Pacific Oceans 
(Chesemore l97S). In Alaska, the arctic fox (Hhite phase) inhabits the 
western and northern arctic coast and tundra areas (Fig. 48). The Hhi te 
phase is predominant on St. Lawrence, St. MattheH, Hall, and Diomede 
Islands, as well as most of the other islands in the Bering Sea. The blue 
phase is predominant on the Prihilaf and Aleutian Islands, however, the 
Hhite phase does occasionally occur among the blue phase populations 
(Chesemore 1967). 

Arctic foxes are commonly found along the coast during Hinter and are often 
observed on the sea ice where they may Hander large distances and/or are 
transported on drifting ice floes. They have been observed on the ice pack 
approximately 640 km north of the arctic coast of northern Alaska (Chesemore 
1975). Occasionally, arctic foxes are found in interior Alaska as far south 
as Arctic Village. Range of the arctic fox may be limited by habitat 
preference and competition with red fox (Vulpes vulpes) (Chesemore 1967). 

Arctic fox populations fluctuate in cycles that have been related to the 
cycles in populations of microtines (Dementyeff 1958, Tchirkova 1958, 
Chesemore 1967, 1975, Wrigley and Hatch 1976), which are the principal prey 
item. In Alaska the peaks in populations occur approximately every 4 years 
(Chesemore 1967), while in Manitoba the peaks averaged every third year, but 
ranged from 2 to 7 years (Wrigley and Hatch 1976). Chesemore 0975) cited 
several authors that indicated average peaks at 4 year intervals in Ungava, 
Labrador, Greenland, Novaya, northern Quebec, and the Northwest 
Territories. While it appears that arctic fox population cycles are 
generally similar in most areas, the cyclic peaks are not necessarily 
synchronous. Within any given year the number of foxes in autumn will tend 
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to be about 3 times the number of the previous spring (E. Follmann and F. 
Fay. 1981. Unpubl. report, in files of E. Follmann, Univ. of Alask::;). No 
population estimates have been attempted in Alaska. 

Life History 

Arctic foxes are monestrous and monogamous. Mating occurs in March or early 
April in northern Alaska (Chesemore 197"5). M8les reach sexual rr:aturi in 
10 months, while females may breed in their first year when copulations and 
food supplies are high or not till their second year if food supr:lies are 
low (Macpherson 1969). Gestation is 52 days and the litter js bcr"; ;n t-iav 
or June. Litter size based on placentRl scars averages 10. S and doe~; not 
vary between years, however; number of pups weaned varies greatly between 
years due to food availability (Macpherson 1969). 

Males and females pair prior to the breeding season and remain together· 
'<"Jhile raising the pups. Eberhardt et al. 0983) first observed foxes at 
dens in northern Alaska in March. In tundra habitats, foxes usually 
establish dens in low mounds (called "pingos") l-4 m high (Chesemore 197')), 
low ridges, or dunes (Eberhardt 1977). IY! other areas, foxes have 
established dens in crevices in rocky areas near cliffs. Presence and dept~ 
of permafrost determines where arctic foxes can dig dens. Dens are often 
used repeatedly over the years becoming traditional den sites, although not 
necessarily by the same foxes. These dens are often enlarged each year wiEh 
old dens having up to 100 burrow entrances in various states Jf repair· 
(t!Jacpherson 1969). Pups are born in the den, but according tc Eskimos, the 
female often whelps on the tundra and carries the pups into the den (T?. 

Follmann and F. Fay. 1981. Unpubl. report, in files of E. Follman::, Univ. 
of Alaska). The female stays in the den for several davs after parturatio~ 
'<"Ihile the male provides food during this period. Thereafter, both par'ents 
provide for the young. 

Pups appear outside the den at 3 to 4 weeks of age (Tchirkova 1958, 
Eberhardt 1977). As the pups grow older they enlarge their area of activ~tv 
around the den and begin foraging for themselves. During this :~irr,e the 
adults gradually decrease care of the young. Fine (1980) observed that the 
male did not bring food to the den after pups were 8 weeks old. Garrott et 
al. ( 1984) found that the females usually provided a larger proportion of 
food for pups than the males. Two or more den sites are often used by the 
same family of foxes during the summer. Eberhardt et aL (lq8:;) found that 
simultaneous use of multiple dens by fox families was common. Den moves 
usually occurred in early to mid-July and often only a portion, rather than 
the entire litter were moved. Pups disperse and leave the natal territory 
in mid-August (Macpherson l96q) or September (Dementyeff 1958); however, the 
adults usually leave the den area earlier. Males ahandon the den site first 
and are followed later by the females. Den sites may he used during the 
winter months, and in years of high food abundance, adults may stav at or 
near the den site. 

Territories and Movements 

Except during the breeding 
(Banfield 1977, as cited by 
to congregate in areas of 
territories are established 

season, arctic foxes are primarily solitary 
Underwood and Mosher 1982), although they tend 
high food resources. During breeding season 
around the natal den. Several investigators 
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have recorded aggressive interactions between foxes which appeared to be 
territorial in nature (Bedard 1967, as cited by Stephenson 1970; Stephenson 
1970; Burgess 1984). According to Eberhardt et al. (1082), territory 
boundaries are not regularly patrolled but are maintained by both direct 
(chasing) and indirect (vocalizations and scent marking) activities. The 
influence of territoriality on density of dens and home range sizes in 
periods of varying food abundance is not well understood, although 
Macpherson (1969) concluded that in the Aberdeen Lake area of Canada, the 
number of occupied dens was limited neither by habitat nor territorial 
behavior. 

The following territory sizes in Alaska have been referred to as home 
ranges, however, it appears that territory would be the correct term, at 
least when referring to adult foxes. Burgess ( l 984) reported home range 
sizes of 23.9 km2 and 18.5 km2 for 2 foxes. Eberhardt et al. (1982) 
reported an average size of 20.8 km2 + 1. 7 for 5 juvenile foxes. Fine 
(l 980) reported home ranges for 5 pups-that ranged from 5. 4 km2 to 14.9 
km2. Home range size may vary by a factor of 6 depending on food 
abundance (Underwood and Mosher 1982). 

During fall, winter and early spring, arctic foxes are highly mobile. In 
any given year foxes may move onto pack ice, make long distance movements or 
even mass migration in some areas (Dementyeff 1958, Tchirkova 1958, 
Shilyaeva 1967, Chesemore l968a, Northcott 1975, Wrigley and Hatch 1976, 
Eberhardt and Hanson 1978). Movements of arctic foxes have been classified 
into the following 4 categories (McEwen 1951, as cited by Wrigley and Hatch 
1976): 

l. Local - general activities within the animals home range. 

2. Seasonal - related to seasonal changes, but not involving great 
numbers and may not occur annually. 

3. Sporadic 
breeding 
factor. 

individual movements of 
ranges and not related to 

great distances from normal 
any particular environmental 

4. Migratory - large numbers of foxes travelling in a sustained 
direction as a result of a decline in lemming numbers. 

In Alaska there are 2 distinct seasonal movements. The first during fall 
and early winter when foxes move toward the coast and sea ice, and the 
second in late winter and early spring when they return inland (Chesemore 
1967). The percentage of animals making the round trip is unknown, but 
Eberhardt et al. ( 1982) observed that most of their marked foxes were not 
present in successive years. 

Sporadic movements of marked foxes have been described in several studies. 
In Alaska, movements of up to 945 km have occurred (Eberhardt and Hanson 
1978), while in Canada movements of over 1500 km have been reported (Wrigley 
and Hatch 1976). These are straight line distances and include travel over 
land and sea ice. 

Migration movements are usually the response of a large fox population to a 
decline in the lemming population. These migrations are well documented in 
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the U.S.S.R., l)ut are seldom observed in North America. Migrations may 
occur along a wide front or a narrow corridor (Bannikov 1970, as cited by 
Wrigley and Hatch 1976). The direction of the migration is determined by 
the passahility of the terrain and the direction of the prevailing winds, 
with foxes moving in the direction of the migration and not staying at 
feeding sites (Shilyaeva 1967). Sometimes a migration consists of several 
waves through a region (Dementyeff 1958). There is evidence (Shilyaeva 
1967) that migrating foxes have a return migration in spring, hut these are 
not well documented as many foxes die of disease, starvation, or are 
trapped. Wrigley and Hatch (1976) documented the existence of a migration 
in Manitoba. In Alaska, these migrations have not been documented. 

Food Habits 

Arctic fox food habits reflect the seasonal abundance and availability of 
prey species. In most areas, lemmings (Lemmus and Dicrostonyx) are the 
principal food i tern. In other areas, voles (Microtus) replace the lemming 
as principal prey. Arctic foxes are dependent on these microtines and fox 
population cycles correspond closely to those of the rodents. During summer 
months, nesting birds, eggs, and young are also an important prey i tern, 
while other food items include caribou, fish, insects, berries, ground 
squirrels, and carrion (Larson 1960; Chesemore 1967; Macpherson 1969; 
Stephenson 1970; Chesemore 1975; Eberhardt 1977; Fine 1980; E. Follmann and 
F. Fay. 1981. Unpubl. report, in files of E. Follmann, Uni v. of Alaska; 
Underwood and Mosher 1982). During winter, microtines are still heavily 
used while carrion and other i terns become more important. Foxes near the 
coast or on sea ice feed upon carcasses of marine mammals (seals, walrus, 
and whales) and on gulls and sea ducks. They also follow polar bears and 
feed on remains of kills. Foxes are also an efficient predator on seal pups 
(T.G. Smith 1976). In island situations or at cliffs along the coast, sea 
birds replace microtines as the principal prey item (Stephenson 1970). 
During summer months arctic fox may cache food for use during the winter 
months (Stephenson 1970, Eberhardt 1977, Burgess 1984, G. Weiler pers. 
comm.). Caches containing over 100 birds have been found (Rue 1981) 

In areas of human activity, foxes are often found foraging around garbage 
dumps (Eberhardt 1977, Fine 1980). In years of low food availability, 
artificial food sources may keep fox populations at higher than normal 
levels. Fine (1980) suggested that artificial food at Prudhoe Bay enabled 
more foxes to reproduce when lemming numbers were low. Eberhardt et al. 
(1983) found that the density of dens at Prudhoe Bay was approximately 3 
times that on Colville River delta (an undisturbed area). In 1977, when 
lemming numbers were low, survival or production of juvenile foxes decreased 
on both areas, but the decrease was less pronounced in the Prudhoe Bay area. 

Mortality 

Natural predators of arctic foxes include red foxes (Vulpes Vulpes), wolves 
(Canis lupus), wolverines (Gulo gulo), polar bears (Ursus maritimus), brown 
bears (Ursus arctos), snowyawi .. s(Nyceta scandiaca~rge hawks, golden 
eagles CAOi:iila chrysactos), jaegers ( Stercorarius ssp.) , and domestic dogs 
(Canis familiarius) (Chesemore 1967 and 1975; Eberhardt 1977; E. Follmann 
a~. Fay. 1981. Unpubl. report, in files of E. Follmann, Univ. of 
Alaska); Garrott and Eberhardt 1982, Underwood and Mosher 1982). In some 
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have recorded aggressive interactions between foxes which appeared to be 
territorial in nature (Bedard 1967, as cited by Stephenson 1970; Stephenson 
1970; Burgess 1984). According to Eberhardt et al. (1082), territory 
boundaries are not regularly patrolled but are maintained by both direct 
(chasing) and indirect (vocalizations and scent marking) activities. The 
influence of territoriality on density of dens and home range sizes in 
periods of varying food abundance is not well understood, although 
Macpherson (1969) concluded that in the Aberdeen Lake area of Canada, the 
number of occupied dens was limited neither by habitat nor territorial 
behavior. 

The following territory sizes in Alaska have been referred to as home 
ranges, however, it appears that terri tory would be the correct term, at 
least when referring to adult foxes. Burgess ( 1984) reported home range 
sizes of 23.9 km2 and 18.5 km2 for 2 foxes. Eberhardt et al. (1982) 
reported an average size of 20.8 km2 + 1. 7 for 5 juvenile foxes. Fine 
( l 980) reported home ranges for 5 pups-that ranged from 5. 4 km2 to 14.9 
km2. Home range size may vary by a factor of 6 depending on food 
abundance (Underwood and Mosher 1982). 

During fall, winter and early spring, arctic foxes are highly mobile. IYJ 
any given year foxes may move onto pack ice, make long distance movements or 
even mass migration in some areas (Dementyeff 1958, Tchirkova 1958, 
Shilyaeva 1967, Chesemore l968a, Northcott 1975, Wrigley and Hatch 1976, 
Eberhardt and Hanson 1978). Movements of arctic foxes have been classified 
into the following 4 categories (McEwen 1951, as cited by Wrigley and Hatch 
l 976): 

l. Local - general activities within the animals home range. 

2. Seasonal - related to seasonal changes, but not involving great 
numbers and may not occur annually. 

3. Sporadic 
breeding 
factor. 

individual movements of 
ranges and not related to 

great distances from normal 
any particular environmental 

4. Migratory - large numbers of foxes travelling in a sustained 
direction as a result of a decline in lemming numbers. 

In Alaska there are 2 distinct seasonal movements. The first during fall 
and early winter when foxes move toward the coast and sea ice, and the 
second in late winter and early spring when they return inland ( Chesemore 
1967). The percentage of animals making the round trip is unknown, but 
Eberhardt et al. (1982) observed that most of their marked foxes were not 
present in successive years. 

Sporadic movements of marked foxes have been described in several studies. 
In Alaska, movements of up to 945 km have occurred (Eberhardt and Hanson 
1978), while in Canada movements of over 1500 km have been reported (Wrigley 
and Hatch 1976). These are straight line distances and include travel over 
land and sea ice. 

Migration movements are usually the response of a large fox population to a 
decline in the lemming population. These migrations are well documented in 
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the U.S.S.R., l)ut are seldom observed in North America. Migrations may 
occur along a wide front or a narrow corridor (Bannikov 1970, as cited by 
Wrigley and Hatch 1976). The direction of the migration is determined by 
the passahility of the terrain and the direction of the prevailing winds, 
with foxes moving in the direction of the migration and not staying at 
feeding sites (Shilyaeva 1967). Sometimes a migration consists of several 
waves through a region (Dementyeff 1958). There is evidence (Shilyaeva 
1967) that migrating foxes have a return migration in spring, hut these are 
not well documented as many foxes die of disease, starvation, or are 
trapped. Wrigley and Hatch (1976) documented the existence of a migration 
in Manitoba. In Alaska, these migrations have not been documented. 

Food Habits 

Arctic fox food habits reflect the seasonal abundance and availability of 
prey species. In most areas, lemmings (Lemmus and Dicrostonyx) are the 
principal food item. In other areas, voles (Microtus) replace the lemming 
as principal prey. Arctic foxes are dependent on these microtines and fox 
population cycles correspond closely to those of the rodents. During summer 
months, nesting birds, eggs, and young are also an important prey i tern, 
while other food items include caribou, fish, insects, berries, ground 
squirrels, and carrion (Larson 1960; Chesemore 1967; Macpherson 1969; 
Stephenson 1970; Chesemore 1975; Eberhardt 1977; Fine 1980; E. Follmann and 
F. Fay. 1981. Unpubl. report, in files of E. Follmann, Uni v. of Alaska; 
Underwood and Mosher 1982). During winter, microtines are still heavily 
used while carrion and other i terns become more important. Foxes near the 
coast or on sea ice feed upon carcasses of marine mammals (seals, walrus, 
and whales) and on gulls and sea ducks. They also follow polar bears and 
feed on remains of kills. Foxes are also an efficient predator on seal pups 
(T.G. Smith 1976). In island situations or at cliffs along the coast, sea 
birds replace microtines as the principal prey item (Stephenson 1970). 
During summer months arctic fox may cache food for use during the winter 
months (Stephenson 1970, Eberhardt 1977, Burgess 1984, G. Weiler pers. 
comm.). Caches containing over 100 birds have been found (Rue 1981) 

In areas of human activity, foxes are often found foraging around garbage 
dumps (Eberhardt 1977, Fine 1980). In years of low food availability, 
artificial food sources may keep fox populations at higher than normal 
levels. Fine (1980) suggested that artificial food at Prudhoe Bay enabled 
more foxes to reproduce when lemming numbers were low. Eberhardt et al. 
(1983) found that the density of dens at Prudhoe Bay was approximately 3 
times that on Colville River delta (an undisturbed area). In 1977, when 
lemming numbers were low, survival or production of juvenile foxes decreased 
on both areas, but the decrease was less pronounced in the Prudhoe Bay area. 

Mortality 

Natural predators of arctic foxes include red foxes (Vulpes Vulpes), wolves 
(Canis lupus), wolverines (Gulo gulo), polar bears (Ursus maritimus), brown 
bears (Ursus arctos), snowyowlS(Nyceta scandiacar;-lRrge hawks, golden 
eagles fAOi:lila chrysactos), jaegers ( Stercorarius ssp.), and domestic dogs 
(Canis familiarius) (Chesemore 1967 and 1975; Eberhardt 1977; E. Follmann 
andf. Fay. 1981. Unpubl. report, in files of E. Follmann, Uni v. of 
Alaska); Garrott and Eberhardt 1982, Underwood and Mosher 1982). In some 
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areas man is the major predator. At high population levels, especially 
during a decline in lemming numbers, starvation, disease and in some areas 
trapping are the major causes of mortality during winter. 

The most common lethal ciisease in arctic fox population is rabies. Rabies 
is enciemic in many populations including Alaska, and epizootic outbreaks are 
common. These eoizootics are most often associated with high population 
levels following a decline in microtine numbers. Arctic fox are known to be 
the principle vector of the disease in arctic areas with peaks in the 
outbreaks occurring during winter (Rausch lG58, Kantrovich 1Qo4, Syuzyumova 
lQ67). In Alaska outbreaks occur from January to April with peaks in 
February (Ritter pers. comfll.). In winter lQ84-lQ85 an epizootic of rabies 
occurred north of the Brooks Range in Alaska. During this time period 
rabies was documented in arctic and red foxes. A female arctic fox and 2 
pups died from rabies at a den site on the Affi~R. Five wolves also died from 
rabies during this time. A large increase in numbers of arctic fox trapped 
in interior Alaska around Arctic Village also occurred (T. Gilbert pers. 
comm.). 

The reservoir for rabies during periods between epizootics is not known. It 
has been suggested that ermine (Mustela erminea) may be the natural host of 
rabies in the arctic or that rabies outbreaks may be associated with a 
rabies-like disease which occurs in lemmings (Crandell lQ7S). No direct 
evidence has been found to support either theory. Kantrovich (lQ64) offered 
evidence that normal foxes harbor a latent form of the virus. Although this 
has not been proven conclusively, Crandell (lQ75) stated that it is likely 
that foxes might serve as foci of infections. 

Data Gaps 

Data on arctic fox movements during winter are limited in Alaska. 
Migrations such as those documented in the U.S.S.R. have not been recorded 
in Alaska; however, they may occur but on a smaller scale. The red fox is 
considered a competitor and preciator of the smaller arctic fox. Reci foxes 
have been extending their range northward in Canada (Macpherson 1Qo4, 
Macpherson lQ70, as cited by Underwood and Mosher lQ82). What effect this 
range extension has on arctic fox in terms of competition and/or 
displacement is not known. Rabies is the major lethal r:lisease of arctic 
fox. In years of epizootics, rabies can he transmitted to other mammals and 
to man. It is not known if the resevoir of this disease is a virus carrier:! 
by the foxes in a latent form, is related to a similar disease in lemmings, 
or a combination of these 2 factors. 

Red Fox (Vulpes vulpes) 

The red fox (Vulpes vulpes) has the greatest natural distribution of any 
living terrestrial mammal with the exception of man and the gray wolf (Canis 
lupus) (Nowak and Paradiso lQ83). The wolf, however, has been extirpated 
from much of its former range, while the red fox has expanded its range 
(Figs. 49 and 50). There are 12 subspecies of red fox in North America 
(Fig. 49). Three subspecies of red fox are found in Alaska, but 2 are 
limited in range (Fig. 49), v.rith Y...:_ 2-=.. alascensis occurring throughout most 
of the state and parts of Canada. Although there have been numerous studies 
on the red fox in other parts of North America, few studies have been done 
in Alask3.. 
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a
se

 
in

 
a
rc

tic
 

a
re

a
s 

w
ith

 
p

eak
s 

in
 

th
e
 

o
u

tb
reak

s 
o

c
c
u

rrin
g

 
d

u
rin

g
 

w
in

te
r 

(R
au

sch
 

1
9

5
8

, 
K

an
tro

v
ich

 
1

9
6

4
, 

S
yuzyum

ova 
1

9
6

7
). 

In
 

A
lask

a 
o

u
tb

reak
s 

o
ccu

r 
from

 
Jan

u
ary

 
to

 
A

p
ril 

w
ith

 
p

eak
s 

in
 

F
eb

ru
ary

 
(R

itte
r 

p
e
rs. 

com
m

.). 
In

 
w

in
te

r 
1

9
8

4
-1

9
8

5
 

an
 

e
p

iz
o

o
tic

 
o

f 
ra

b
ie

s 
o

ccu
rred

 
n

o
rth

 
o

f 
th

e
 

B
ro

o
k

s 
R

ange 
in

 
A

lask
a. 

D
u

rin
g

 
th

is
 

tim
e 

p
e
rio

d
 

ra
b

ie
s 

w
as 

docum
ented 

in
 

a
rc

tic
 

and 
red

 
fo

x
es. 

A
 fem

ale 
a
rc

tic
 

fo
x

 
and 

2 
pups 

d
ied

 
from

 
ra

b
ie

s 
a
t 

a 
d

en
 
s
ite

 
on 

th
e
 

ANW
R. 

F
iv

e w
o

lv
es a

lso
 d

ied
 

from
 

ra
b

ie
s 

d
u

rin
g

 
th

is
 

tim
e. 

A
 la

rg
e
 

in
c
re

a
se

 
in

 
num

bers 
o

f 
a
rc

tic
 

fo
x

 
trap

p
ed

 
in

 
in

te
rio

r 
A

lask
a 

aro
u

n
d

 
A

rc
tic

 
V

illa
g

e
 

a
lso

 
o

ccu
rred

 
(T

. 
G

ilb
e
rt 

p
e
rs. 

com
m

.). 

T
he 

re
se

rv
o

ir 
fo

r 
ra

b
ie

s 
d

u
rin

g
 

p
e
rio

d
s 

b
etw

een
 
e
p

iz
o

o
tic

s 
is

 
n

o
t 

know
n. 

It 
h

as 
been 

su
g

g
ested

 
th

a
t 

erm
in

e 
(M

u
stela 

erm
in

ea) 
m

ay 
b

e 
th

e 
n

a
tu

ra
l 

h
o

st 
o

f 
ra

b
ie

s 
in

 
th

e
 

a
rc

tic
 

o
r 

th
a
t 

ra
b

ie
s 

o
u

tb
reak

s 
m

ay 
b

e 
a
sso

c
ia

te
d

 
w

ith
 

a 
ra

b
ie

s-lik
e
 

d
ise

a
se

 
w

h
ich

 
o

ccu
rs 

in
 

lem
m

ings 
(C

ran
d

ell 
1

9
7

5
) . 

No 
d

ire
c
t 

ev
id

en
ce 

h
as 

b
een

 
fo

u
n

d
 

to
 

su
p

p
o

rt 
e
ith

e
r 

th
e
o

ry
. 

K
an

tro
v

ich
 

(1
9

6
4

) 
o

ffe
re

d
 

ev
id

en
ce 

th
a
t 

n
o

rm
al 

fo
x

es 
h

arb
o

r 
a 

la
te

n
t 

form
 

o
f 

th
e
 

v
iru

s. 
A

lth
o

u
g

h
 
th

is
 

h
as 

n
o

t 
b

een
 

p
ro

v
en

 
c
o

n
c
lu

siv
e
ly

, 
C

ran
d

ell 
(1

9
7

5
) 

sta
te

d
 

th
a
t 

it 
is

 
lik

e
ly

 
th

a
t 

fo
x

es 
m

ig
h

t 
se

rv
e
 a

s 
fo

c
i 

o
f in

fe
c
tio

n
s. 

D
ata G

aps 

D
ata 

on 
a
rc

tic
 

fo
x

 
m

ovem
ents 

d
u

rin
g

 
w

in
te

r 
a
re

 
lim

ite
d

 
in

 
A

lask
a. 

M
ig

ratio
n

s 
su

ch
 

a
s 

th
o

se 
docum

ented 
in

 
th

e
 

U
.S

.S
.R

. 
h

av
e 

n
o

t 
b

een
 

reco
rd

ed
 

in
 

A
lask

a; 
h

o
w

ev
er, 

th
ey

 
m

ay 
o

ccu
r 

b
u

t 
on 

a 
sm

a
lle

r 
sc

a
le

. 
T

he 
red

 
fo

x
 

is
 

co
n

sid
ered

 
a 

c
o

m
p

e
tito

r 
and 

p
re

d
a
to

r 
o

f 
th

e 
sm

a
lle

r 
a
rc

tic
 

fo
x

. 
R

ed 
fo

x
es 

have 
b

een
 

ex
ten

d
in

g
 

th
e
ir 

ran
g

e 
n

o
rth

w
ard

 
in

 
C

anada 
(M

acpherson 
1

9
6

4
, 

M
acpherson 

1
9

7
0

, 
a
s 

c
ite

d
 

by 
U

nderw
ood 

and 
M

osher 
1

9
8

2
). 

W
hat 

e
ffe

c
t 

th
is

 
ran

g
e 

e
x

te
n

sio
n

 
h

as 
on 

a
rc

tic
 

fo
x

 
in

 
term

s 
o

f 
c
o

m
p

e
titio

n
 

a
n

d
/o

r 
d

isp
lacem

en
t 

is
 

n
o

t 
know

n. 
R

ab
ies 

is
 

th
e 

m
ajo

r 
le

th
a
l 

d
ise

a
se

 
o

f 
a
rc

tic
 

fo
x

. 
In

 
y

e
a
rs 

o
f 

e
p

iz
o

o
tic

s, 
ra

b
ie

s 
can

 
b

e 
tra

n
sm

itte
d

 
to

 
o

th
e
r m

am
m

als 
and 

to
 

m
an. 

It 
is

 
n

o
t 

know
n 

if
 

th
e
 

re
se

v
o

ir 
o

f 
th

is
 

d
ise

a
se

 
is

 
a 

v
iru

s 
c
a
rrie

d
 

by 
th

e 
fo

x
es 

in
 

a 
la

te
n

t 
form

, 
is

 
re

la
te

d
 

to
 

a 
sim

ila
r 

d
ise

a
se

 
in

 
lem

m
in

g
s, 

o
r a 

co
m

b
in

atio
n

 
o

f 
th

e
se

 
2 

fa
c
to

rs. 

R
ed 

F
ox 

(V
u

lp
es v

u
lp

es) 

T
he 

red
 

fo
x

 
(V

u
lp

es 
v

u
lp

es) 
h

as 
th

e
 

g
re

a
te

st 
n

a
tu

ra
l 

d
istrib

u
tio

n
 

o
f 

any 
liv

in
g

 
te

rre
s
tria

l 
m

am
m

al 
w

ith
 

th
e 

ex
cep

tio
n

 
o

f 
m

an 
and 

th
e
 

g
ray

 w
o

lf 
(C

an
is 

lu
p

u
s) 

(N
ow

ak 
and 

P
arad

iso
 

1
9

8
3

). 
T

he 
w

o
lf, 

h
o

w
ev

er, 
h

as 
b

een
 

e
x

tirp
a
te

d
 

from
 

m
uch 

o
f 

its
 

fo
rm

er 
ran

g
e, 

w
h

ile 
th

e
 

red
 

fo
x

 
h

as 
ex

p
an

d
ed

 
its

 
ran

g
e 

(F
ig

s. 
49 

and 
5

0
). 

T
h

ere 
a
re

 
12 

su
b

sp
e
c
ie

s 
o

f 
red

 
fo

x
 

in
 

N
o

rth
 

A
m

erica 
(F

ig
. 

49) . 
T

h
ree 

su
b

sp
ecies 

o
f 

red
 

fo
x

 
a
re

 
found 

in
 

A
lask

a, 
b

u
t 

2 
a
re

 
lim

ite
d

 
in

 
ran

g
e 

(F
ig

. 
4

9
), 
w
i
t
h
~
~
 

a
la

sc
e
n

sis 
o

c
c
u

rrin
g

 
th

ro
u

g
h

o
u

t 
m

ost 
o

f 
th

e 
s
ta

te
 

and 
p

a
rts 

o
f 

C
an

ad
a. 

A
lth

o
u

g
h

 
th

e
re

 
h

av
e 

b
een

 num
erous 

stu
d

ie
s 

on 
th

e 
red

 
fo

x
 

in
 

o
th

e
r 

p
a
rts 

o
f 

N
o

rth
 

A
m

erica, 
few

 
stu

d
ie

s 
h

av
e 

h
een

 
done 

in
 

A
lask

a. 
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L
ife

 
H

isto
ry

 

T
h

ere 
a
re

 
3 

com
m

on 
c
o

lo
r 

p
h

a
se

s 
o

f 
th

e
 

re
d

 
fo

x
 

o
f 

w
h

ich
 

re
d

 
is

 
th

e
 

m
o

st 
com

m
on. 

T
he 

o
th

e
r 

2 
c
o

lo
r 

p
h

a
se

s 
a
re

 
th

e
 

c
ro

ss 
fo

x
 

an
d

 
s
ilv

e
r 

fo
x

. 
T

h
ese 

c
o

lo
r 

p
h

a
se

s 
re

p
re

s
e
n

t 
a
b

o
u

t 
25%

 
an

d
 

10%
 

o
f 

th
e
 

s
p

e
c
ie

s
 

re
s
p

e
c
tiv

e
ly

 
(N

ow
ak 

an
d

 
P

a
ra

d
iso

 
1

9
8

3
) 

an
d

 
a
re

 
ra

re
 

to
 

n
o

n
e
x

iste
n

t 
in

 
th

e
 

so
u

th
e
rn

 
ra

n
g

e
 

o
f 

th
e
 

fo
x

, 
b

u
t 

b
eco

m
e 

in
c
re

a
s
in

g
ly

 
com

m
on 

n
o

rth
w

a
rd

 
(A

b
le

s 
l 9

7
5

). 
A

ll 
3 

c
o

lo
r 

p
h

a
se

s 
h

av
e 

b
e
e
n

 
fo

u
n

d
 

in
 

th
e
 

sam
e 

litte
r
 

(M
arie 

1
9

4
4

, 
E

b
e
rh

a
rd

t 
1

9
7

7
) . 

Q
uim

by 
(l9

7
4

b
) 

fo
u

n
d

 
c
o

lo
r 

ra
tio

s
 

in
 

n
o

rth
e
a
s
te

rn
 

A
la

sk
a
 

to
 

b
e 

a
p

p
ro

x
im

a
te

ly
 

50%
 

re
d

 
an

d
 

50%
 

e
ith

e
r 

c
ro

ss 
o

r 
s
ilv

e
r. 

Tw
o 

o
th

e
r 

c
o

lo
r 

p
h

a
se

s 
th

a
t 

a
re

 
le

s
s
 

com
m

on 
a
re

 
th

e
 

b
a
s
ta

rd
 

(b
lu

is
h

 
g

ra
y

) 
an

d
 

sam
so

n
 

(n
o

 
g

u
a
rd

 
h

a
irs

) 
(R

u
e 

l 9
8

1
) . 

R
ed 

fo
x

e
s 

a
re

 
la

rg
e
r 

th
a
n

 
th

e
 

a
rc

tic
 

fo
x

 
(A

lo
p

ex
 

la
g

o
p

u
s), 

w
ith

 
fe

m
a
le

s 
a
v

e
ra

g
in

g
 

4
.1

-4
.5

 
k

g
 

an
d

 
m

a
le

s 
4

.5
-5

.4
 

k
g

 
(A

b
le

s 
1

9
7

5
). 

F
o

x
es 

in
 

A
lask

a 
an

d
 

C
an

ad
a 

a
re

 
so

m
ew

h
at 

h
e
a
v

ie
r. 

F
em

ale 
re

d
 

fo
x

e
s 

a
re

 
m

o
n

e
stro

u
s 

w
ith

 
b

re
e
d

in
g

 
ta

k
in

g
 

p
la

c
e
 

fro
m

 
D

ecem
b

er 
to

 
M

arch
 

d
e
p

e
n

d
in

g
 

u
p

o
n

 
la

titu
d

e
. 

H
obgood 

(1
9

8
4

) 
fo

u
n

d
 

th
a
t 

b
re

e
d

in
g

 
to

o
k

 
p

la
c
e
 

in
 

e
a
rly

 
M

arch
 

in
 

s
o

u
th

c
e
n

tra
l 

A
la

sk
a
, 

b
u

t 
b

e
lie

v
e
d

 
th

a
t 

fo
x

e
s 

in
 

th
e
 

lo
w

 
e
le

v
a
tio

n
 

a
re

a
s 

o
f 

th
e
 

in
te

rio
r 

w
ere 

b
o

rn
 

(an
d

 
th

e
re

fo
re

 
b

re
e
d

in
g

) 
a
s
 

m
uch 

a
s
 

l 
m

o
n

th
 
e
a
rlie

r. 

A
 

v
ix

e
n

 
so

m
etim

es 
m

a
te

s 
w

ith
 

s
e
v

e
ra

l 
m

a
le

s, 
b

u
t 

la
te

r 
e
s
ta

b
lis

h
e
s
 

a 
p

a
rtn

e
rs

h
ip

 
w

ith
 

l 
o

f 
th

em
 

(H
a
lte

n
o

rth
 

an
d

 
R

o
th

 
1

9
6

8
, 

a
s
 

c
ite

d
 

in
 

N
ow

ak 
an

d
 

P
a
ra

d
iso

 
1

9
8

3
). 

O
c
c
a
sio

n
a
lly

, 
2 

fe
m

a
le

s 
h

av
e 

litte
r
s
 

in
 

th
e
 

sam
e 

d
en

 
(P

ils
 

an
d

 
M

a
rtin

 
1

9
7

8
, 

a
s 

c
ite

d
 

in
 

N
ow

ak 
an

d
 

P
a
ra

d
iso

 
1

9
8

3
). 

G
e
sta

tio
n

 
ra

n
g

e
s 

fro
m

 
49 

to
 

56 
d

a
y

s, 
u

s
u

a
lly

 
51 

to
 

5
3

 
d

a
y

s. 
E

y
es 

o
f 

th
e
 

p
u

p
s 

o
p

en
 
a
fte

r 
9 

to
 

1
4

 
d

a
y

s. 
T

h
ey

 
em

erg
e 

fro
m

 
th

e
 

d
en

 
a
t 

4 
to

 
5 

w
eek

s 
o

f a
g

e
, 

an
d

 
a
re

 
w

ean
ed

 
a
t 

8 
to

 
1

0
 

w
eek

s 
o

f 
a
g

e
. 

L
itte

r 
s
iz

e
s
 

v
a
ry

 
w

ith
 

e
x

tre
m

e
s 

o
f 

1 
an

d
 

1
7

 
b

e
in

g
 

re
p

o
rte

d
, 

b
u

t 
a
v

e
ra

g
e
s 

5 
th

ro
u

g
h

o
u

t 
th

e
ir 

ra
n

g
e
 

(A
b

le
s 

1
9

7
5

, 
S

am
u

el 
an

d
 

N
elso

n
 
1

9
8

2
), 

in
c
lu

d
in

g
 

n
o

rth
e
rn

 
A

la
sk

a
 

(E
b

e
rh

a
rd

t 
1

9
7

7
). 

F
o

r 
a 

s
h

o
rt 

tim
e
 

a
fte

r 
p

a
rtu

ra
tio

n
, 

th
e
 

fe
m

a
le

 
s
ta

y
s
 
a
t 

th
e
 

d
en

 
an

d
 

fo
o

d
 

is
 

p
ro

v
id

e
d

 
b

y
 

th
e
 

m
a
le

. 
O

nce 
th

e
 

fe
m

a
le

 
is

 
a
b

le
 

to
 

le
a
v

e
 

th
e
 

d
en

 
th

e
 

ro
le

 
o

f 
th

e
 

m
ale 

is
 

u
n

c
le

a
r. 

W
h

ile 
its

 
g

e
n

e
ra

lly
 

assu
m

ed
 

th
a
t 

b
o

th
 

p
a
re

n
ts 

c
a
re

 
fo

r 
th

e
 

y
o

u
n

g
, 

A
b

les 
(1

9
7

5
) 

d
e
sc

rib
e
d

 
p

e
rio

d
s 

w
hen 

n
o

 
a
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Life History 

There are 3 common color phases of the red fox of which red is the most 
common. The other 2 color phases are the cross fox and silver fox. These 
color phases represent about 25% and 10% of the species respectively (Nowak 
and Paradiso 1q83) and are rare to nonexistent in the southern range of the 
fox, but become increasingly common northward (Ables 1q75). All 3 color 
phases have been found in the same litter (Marie 1q44, Eberhardt 1q77). 
Quimby (lq74b) found color ratios in northeastern Alaska to be approximately 
50% red and 50% either cross or silver. Two other color phases that are 
less common are the bastard (bluish gray) and samson (no guard hairs) (Rue 
lq8l). 

Red foxes are larger than the arctic fox (Alopex lagopus), with females 
averaging 4.1-4.5 kg and males 4.5-5.4 kg (Ables 1q75). Foxes in Alaska and 
Canada are somewhat heavier. 

Female red foxes are monestrous with breeding taking place from December to 
March depending upon latitude. Hobgood (lq84) found that breeding took 
place in early March in southcentral Alaska, but believed that foxes in the 
low elevation areas of the interior were born (and therefore breeding) as 
much as l month earlier. 

A vixen sometimes mates with several males, but later establishes a 
partnership with l of them (Haltenorth and Roth lq68, as cited in Nowak and 
Paradiso 1q83). Occasionally, 2 females have litters in the same den (Fils 
and Martin 1q78, as cited in Nowak and Paradiso 1q83). Gestation ranges 
from 4q to 56 days, usually 51 to 53 days. Eyes of the pups open after q to 
14 days. They emerge from the den at 4 to 5 weeks of age, and are weaned at 
8 to 10 weeks of age. Litter sizes vary with extremes of l and 17 being 
reported, but averages 5 throughout their range (Ables 1q75, Samuel and 
Nelson lq82), including northern Alaska (Eberhardt 1q77), 

For a short time after parturation, the female stays at the den and food is 
provided by the male. Once the female is able to leave the den the role of 
the male is unclear. While its generally assumed that both parents care for 
the young, Ahles (lq75) described periods when no active participation by 
males (providing food) was observed. Hobgood (lq84) speculated that the 
main function of males from late June to August was as sentry for the den 
and pups. 
Pups are often moved from l den site to another at least once (Sargent 
1q72). Litters are sometimes split between 2 dens (Samuel and Nelson 
1q82). Hhen pups are 10 weeks old they begin traveling short distances from 
the den and around 12 weeks are exploring parts of the adults terri tory. 
The family unit remains together until fall when the pups begin to 
disperse. 

Territories, Home Range and Movements 

There appears to be inconsistency in the literature regarding the use of the 
terms home range and territory with some authors apparently using the terms 
interchangeably. Ables (lq75), citing several authors, indicated that there 
is strong evidence that adult foxes remain in the same home area for life. 
These home ranges are non-overlapping (Sargent 1q72, Ables 1q75), which 
indicates some form of territoriality which may be where confusion between 
terms originates. A family group consists of 1 adult male, 1 or 2 adult 

349 

--------~·---------··---------·--------



females and young born to the females (Storm and Montgomery l 97S). There 
aopears to be mutual avoidance between family groups on adjacent territories 
(Sargent 1972). Agonistic displays between resident male-female pairs and 
introduced non-resident males was documented by (Preston 1975 as cited by 
Samuel and Nelson l 982). The male is responsible for terri tory defense, 
with sent marking playing an important role in defining the territory 
(Samuel and Nelson 1982). Territory (referred to as home range) size varies 
with habitat conditions and food availc=tbility and becomes larger in winter 
(Ables 1975). Grzimek (1975, as cited by Nowak and Paradiso 1983) stated 
that territories (referred to as home ranges) are S-12 km2 in good hahitat 
and 20-50 km2 in poor habitat. In southcentral Alaska, Hobgood (1984) 
found that summer territories (referred as home ranges) average 31J. 6 km2 
for both sexes with an average of 39.4 km2 for males and 26.2 vm2 for 
females and that seasonal shifts of these areas was common. 

Dispersal takes place in stages with the young wandering progressively 
further afield (Errington and Berry 1937, as cited by Ables 1975), and 
begins in September or October (Storm and Montgomery 1975, Samuel and Nelson 
J 982). In Alaska, Hobgood (l 984) found dispersal generally occurred in 
October but with the earliest dispersals occurring in early September. 
Dispersal takes place in adults, although not as often as in juvenile foxes 
(Storm and Montgomery 1975). Some movements of adults outside their home 
range may be related to mating behavior. Hobgood (1984) found seasonal home 
range shifts in Alaska were common, but thought it was a response to food 
availability and made possible by the low fox density and lack of adjacent 
territories.' 

Food Habits 

Foxes are omnivorous and feed on a wide variety of animal and plant matter 
depending on availability. Small mammals, birds, fruits, and insects 
comprise the bulk of the diet (Samuel and Nelson 1982). Carrion can be 
important during winter. In southcentral Alaska, Hobgood (1984) found 
arctic ground squirrels (Spermophilus parryii) were the most important 
summer food i tern. In winter, microtines and carrion were most important. 
Ptarmigan (Lagopus ssp.) were preyed upon year round, but were more 
important in winter. In northern Alaska, red foxes ate birds, eggs, 
lemmings (mostly Dicrostonyx ssp.), voles (Microtus ssp.), and ground 
squirrels (Spermophilus undulatus) in order of importance in spring and 
summer (Eberhardt 1977). Red foxes may cache food for use at a later time. 

Habitat 

Foxes are adaptable and occur in a variety of terrain and vegetation types. 
They inhabit forests, meadows, woodlots, cropland, pasture, and exposed 
areas. Foxes prefer areas composed of a mixture of vegetative components, 
but avoid large homogeneous tracts of any single type (Ables 1975). In 
Alaska foxes prefer broken country such as hillsides, sides of valleys, and 
canyons (Bee and Hall 1956, as cited by Ables 1975). Red foxes also are 
known to inhabit suburban areas (MacDonald 1980, Samuel and Nelson 1982). 

Mortality 

In utero mortality was described by Lloyd and Englund (1973, as cited by 
Samuel and Nelson 1982), where 10% to 20% of the red fox fetuses were 
resorbed. Little is known about mortality other than man-induced. Wolves 
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(Canis lupus), coyotes (Canis latrans), dogs (Canis familaris), broHn beaY's 
( Ursus arctes), and golden eagles (Aquila chrysaetas) are known to sometimes 
prey on foxes (Rue 1981). In many areas hunting and trapping are the 
leading causes of fox mortality. In Wisconsin, man-induced mortality was 
30% in the first year and 53% during the life of a fox (Ables 197S). Few 
foxes live longer than 5 years (Storm et al. 1976). 

Rabies, canine distemper, and infectious canine hepatitis are the most 
common diseases among foxes and are usually associated with high population 
levels. Effects of such diseases are difficult to evaluate as the animals 
generally died. Of these, rabies is the most widely known. Rabies is 
endemic in many areas of North America and Europe. In many of these area:s 
and in Europe the red fox is the major wild vector for the disease 
(MacDonald and Bacon 1982). In Alaska, the arctic fox is the enzootic host 
for rabies with the red fox perpetuating rabies along the lower Kuskokwin 
River drainage, Bristol Bay region, and along the Alaska Peninsula southward 
to Cold Bay (Ritter 1981). Vaccination of foxes in a large area is being 
attempted in Ontario using rabies vaccine in baits dropped from small 
aircraft (Addison 1986). The effectiveness of such a program is not 
presently known. 

Data Gaps 

Data on red fox in Alaska are limited. Studies done in northern Alaska 
(Quimby 1974b, Eberhardt 1977) have been very limited in nature. Data are 
lacking on red fox populations on the north slope, where Quimby (l 97 4b) 
stated that they are uncommon or scarce, but are common in the mountains. 
Data on habitat use, food habits, range extensions, and degree of 
interaction with arctic fox are either limited or unknoHn. 

Small Mammals 

Small mammals occurring on the ANWR study area include arctic ground 
squirrels, 3 species of microtines, (tundra vole, brown lemming, collared 
lemming) and at least 1 species of shrew. Tundra red-backed voles and 
singing voles occur in adjacent areas and may be present in the study area 
and mountains south of the study area (Bee and Hall 1956, Babcock 1986a). 

Arctic Ground Squirrels (Spermophilus parryii) 

Arctic ground squirrels are distributed across most of northern Alaska 
(Nadler and Hoffman 1977, Batzli and Sobaski 1980) and are found throughout 
the ANWR study area. In 1983-1984, a study to estimate and describe 
distributions, den sites, habitat use, population dynamics and predator use 
of ground squirrels was conducted at 3 locations (Fig. 51) in the ANWR study 
area (Babcock 1984 and 1985). Other studies of ground squirrels in northern 
Alaska have been conducted in areas south and east of Barrow (Mayer 1953), 
near Cape Thompson (Carl 1971), and near Atkasook (Batzli and Sobaski 1981). 

Arctic ground squirrels are found in colonies restricted to well-drained 
soils, which are free of permafrost (Mayer and Roche 1954, Melchior 1964). 
Such areas are found along ridges, river sand banks, hillocks, and other 
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Females and young born to the females (Storm and Montgomery 197S). There 
.opears to be mutual avoidance between family groups on adjacent territories 
Sargent 1972). Agonistic displays between resident male-female pairs and 
~ntroduced non-resident males was documented by (Preston 1975 as cited by 
Samuel and Nelson 1982). The male is responsible for terri tory defense, 
with sent marking playing an important role in defining the territory 
(Samuel and Nelson 1982). Territory (referred to as home range) size varies 
with habitat conditions and food availC!bili ty and becomes larger in winter 
(Ables 1975). Grzimek (1975, as cited by Nowak anci Paradiso 198)) stated 
that territories (referred to as home ranges) are S-12 km2 in good habitat 
and 20-50 km2 in poor habitat. In southcentral Alaska, Hobgood (1984) 
found that summer territories (referred as home ranges) average 3S.6 km2 
for both sexes with an average of 39.4 km2 for males and 26.2 km2 for 
females and that seasonal shifts of these areas was common. 

Dispersal takes place in stages with the young wandering progressively 
further afield (Errington and Berry l 9 37, as cited by Ables l 975), and 
begins in September or October (Storm and Montgomery 1975, Samuel and Nelson 
1982). In Alaska, Hobgood (1984) founci dispersal generally occurred in 
October but with the earliest dispersals occurring in early September. 
Dispersal takes place in adults, although not as often as in juvenile foxes 
(Storm and Montgomery l 975). Some movements of adults outside their home 
range may be related to mating behavior. Hobgood (1984) found seasonal home 
range shifts in Alaska were common, but thought it was a response to food 
availability and made possible by the low fox density and lack of adjacent 
territories. 

Food Habits 

Foxes are omnivorous and feed on a wide variety of animal and plant matter 
depending on availahili ty. Small mammals, birds, fruits, and insects 
comprise the bulk of the diet (Samuel and Nelson 1982). Carrion can he 
important during winter. In southcentral Alaska, Hobgood (1984) founci 
arctic ground squirrels (Spermophilus parryii) were the most important 
summer food i tern. In winter, microtines and carrion were most important. 
Ptarmigan (Lagopus ssp.) were preyed upon year round, but were more 
important in winter. In northern Alaska, red foxes ate birds, eggs, 
lemmings (mostly Dicrostonyx ssp.), voles (Microtus ssp.), and ground 
squirrels (Spermophilus undulatus) in order of importance in spring and 
summer (Eberhardt 1977). Red foxes may cache food for use at a later time. 

Habitat 

Foxes are adaptable and occur in a variety of terrain and vegetation types. 
They inhabit forests, meadows, woodlots, cropland, pasture, and exposed 
areas. Foxes prefer areas composed of a mixture of vegetative components, 
but avoid large homogeneous tracts of any single type (Ables 1975). In 
Alaska foxes prefer broken country such as hillsides, sides of valleys, and 
canyons (Bee and Hall 1956, as cited by Ables 1975). Red foxes also are 
known to inhabit suburban areas (MacDonald 1980, Samuel and Nelson 1982). 

Mortality 

In utero mortality was described by Lloyd and Englund 0973, as cited by 
Samuel and Nelson 1982) , where 10% to 20% of the red fox fetuses were 
resorbed. Little is known about mortality other than man-induced. Wolves 
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(Canis lupus), coyotes (Canis latrans), dogs (Canis familaris), bro1..rn bears 
(Ursus ~s), and golden eagles (Aquila chrysaetos) are known to sometimes 
prey on foxes (Rue l9iH). In many areas hunting and trapping are the 
leading causes of fox mortality. In Wisconsin, man-induced mortality was 
30% in the first year and 53% during the life of a fox (Ables l97S). FevJ 
foxes live longer than 5 years (Storm et al. 1976). 

Rabies, canine distemper, and infectious canine hepatitis are the most 
common diseases among foxes and are usually associated with high population 
levels. Effects of such diseases are difficult to evaluate as the animals 
generally died. Of these, rabies is the most widely knovm. Rabies is 
endemic in many areas of North America and Europe. In many of these area:3 
and in Europe the red fox is the major wild vector for the disease 
(MacDonald and Bacon 1982). In Alaska, the arctic fox is the enzootic host 
for rabies with the red fox perpetuating rabies along the lower Kuskokwi"i 
River drainage, Bristol Bay region, and along the Alaska Peninsula southwarci 
to Cold Bay (Ritter 1981). Vaccination of foxes in a large area is being 
attempted in Ontario using rabies vaccine in baits dropped from small 
aircraft (Addison 1986). The effectiveness of such a program is not 
presently known. 

Data Gaps 

Data on red fox in Alaska are limited. Studies done in northern Alaska 
(Quimby l974b, Eberhardt 1977) have been very limited in nature. Data are 
lacking on red fox populations on the north slope, where Quimby 097 4b) 
stated that they are uncommon or scarce, but are common in the mountaiDs. 
Data on habitat use, food habits, range extensions, and degree of 
interaction with arctic fox are either limited or unknown. 

Small mammals 
squirrels, 3 
lemming) and 
singing voles 
and mountains 

Small Mammals 

occurring on the ANWR study area include arctic ground 
species of micro tines, (tundra vole, brown lemming, collared 
at least l species of shrew. Tundra red-backed voles and 
occur in adjacent areas and may be present in the study area 

south of the study area (Bee and Hall 1956, Babcock l986a). 

Arctic Ground Squirrels (Spermophilus parryii) 

Arctic ground squirrels are distributed across most of northern Alaska 
(Nodler and Hoffman 1977, Batzli and Sobaski 1980) and are found throughout 
the ANWR study area. In 1983-1984, a study to estimate and describe 
distributions, den sites, habitat use, population dynamics and predator use 
of ground squirrels was conducted at 3 locations (Fig. 51) in the ANWR study 
area (Babcock 1984 and 1985). Other studies of ground squirrels in northern 
Alaska have been conducted in areas south and east of Barrow (Mayer 1953), 
near Cape Thompson (Carl 1971), and near Atkasook (Batzli and Sobaski 1981). 

Arctic ground squirrels are found 
soils, which are free of permafrost 
Such areas are found along ridges, 

in colonies restricted to well-drained 
(Mayer and Roche 1954, Melchior 1964). 
river sand banks, hillocks, and other 
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raised areas in sandy soils (Mayer 1953). Babcock 
that the distribution of arctic ground squirrels in 
depended primarily on suitable burrowing conditions and 

(1984 and 1985) found 
the ANWR study area 

forage quality. 

The home range of the arctic ground squirrel is large when compared to other 
rodents in the same genus. Mayer 0953) recorded instances of individuals 
foraging over 1370 m from their burrows. However, most foraging occurred 
within 30 m of the burrow (Batzli and Sobaski 1980). Ratzli r1nd Sobaski 
(1980) calculated home ranges of 4.3 ha for adult males and 3.2 ha for adult 
females. These home ranges varied in colonies located in different 
habitats, as well as throughout the summer season. Generally poorer hahitat 
requires a larger home range. Den sites of 1.3 to 1.7 animals/ha were found 
near Atkasook. This figure is 4 to 5 times lower than populations at more 
southern latitudes (Batzli and Sobaski 1980). 

In ANWR, dispersal of young of the year from natal colonies occurred from 
early July to mid-August (Babcock 1984 and 1985). Ratzli and Sobaski (1980) 
found herbaceous dictyledons comprise 25%-75% of the diet of- the ground 
squirrels near Atkasook. This plant material included over 40 species of 
forhs and shrubs. Evergreen shrubs, lichens, and insects comprised a very 
small percentage of the diet. Mayer (1953) cites examples of arctic ground 
squirrels eating meat and even being cannibalistic. 

Arctic ground squirrels are subjected to severe climatic stresses, and 
hibernate in winter. Mayer and Roche 0954) state: "In their habitat on 
the wet, flat, treeless, arctic tundra the ground squirrels are exposed to 
extreme cold during the months from October to May. Although certain 
rodents such as lemmings of the genera Lemmus and Dicrostonyx are active 
throughout the winter period, the ground squirrel resorts to hibernation to 
avoid the rigors of the environment. During a maximum activity period of 
five months adults must gain back not only Height lost during the previous 
winter's hibernation hut also that lost in the demanding post-emergent 
breeding season." 

Hibernation is entered in September and emergence occurs before the land is 
snow free in May (Mayer and Roche 1954). Upon emergence in May, ground 
squirrels feed on vegetation stored from the previous season. They also eat 
dead and frozen vegetation that can. be dug through the snow (Mayer and Roche 
l 954) . 

Arctic ground squirrels mate in May. After a gestation period of 25 days, 
average litters of about 8 young are produced (Mayer and Roche l9S4). The 
young squirrels then undergo rapid growth and development. Mayer and Roche 
0954) summarized: "In three months of above ground foraging the young of 
the year must attain sufficient size and weight to alloH them to enter 
hibernation in the fall and to emerge in the spring in breeding condition." 
Even sex ratios were observed in arctic ground squirrels live-trapped and 
shot at ANHR study sites in 1983 and 1984. Male 1,;eights Here 600-700 g; 
female weights were 400-575 g, and juvenile weights were 275-325 g in early 
July 1983 (Babcock 1984 and 198S). 

Ground squirrels are occasionally utilized as a subsistence food source by 
Kaktovik residents (See Chapter 7). However, their greatest importance lies 
in the role of a prey i tern in the arctic food web. The a ret i.e ground 
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Fig. 5 I Location of small mammal study areas) Arctic National 
Wt!dl;fe Refuge) 1983-1985. 
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raised areas in sandy soils (Mayer 1953). Babcock (1984 and 1985) found 
that the distribution of arctic ground squirrels in the ANWR study area 
depended primarily on suitable burrowing conditions and forage quality. 

The home range of the arctic ground squirrel is large when compared to other 
rodents in the same genus. lVIayer (1953) recorded instances of individuals 
foraging over 1370 m from their burroHs. However, most foraging occurred 
within 30 m of the burrow (Batzli and Sobaski 1980). Batzli ;:md Sobaski 
(1980) calculated home ranges of 4.3 ha for adult males and 3.2 ha for adult 
females. These home ranges varied in colonies located in different 
habitats, as well as throughout the summer season. Generally poorer hahitat 
requires a larger home range. Den sites of 1.3 to 1.7 animals/ha were found 
near Atkasook. This figure is 4 to 5 times lower than populations at more 
southern latitudes (Batzli and Sobaski 1980). 

In ANWR, dispersal of young of the year from natal colonies occurred from 
early July to mid-August (Babcock 1984 and 1985). Batzli and Sohaski (1980) 
found herbaceous dictyledons comprise 25%-75% of the diet of- the ground 
squirrels near Atkasook. This plant material included over 40 species of 
forhs and shrubs. Evergreen shrubs, lichens, and insects comprised a very 
small percentage of the diet. Mayer (1953) cites examples of arctic ground 
squirrels eating meat and even being cannibalistic. 

Arctic ground squirrels are subjected to severe climatic stresses, and 
hibernate in winter. Mayer and Roche (1954) state: "In their habitat on 
the wet, flRt, treeless, arctic tundra the ground squirrels are exposed to 
extreme cold during the months from October to May. Although certain 
rodents such as lemmings of the genera Lemmus and Dicrostonyx are active 
throughout the winter period, the ground squirrel resorts to hibernation to 
avoid the rigors of the environment. During a maximum activity period of 
five months adults must gain back not only lt~eight lost during the previous 
winter's hibernation but also that lost in the demanding post-emergent 

breeding season." 

Hibernation is entered in September and emergence occurs before the land is 
snow free in May (Mayer and Roche 1954). Upon emergence in May, ground 
squirrels feed on vegetation stored from the previous season. They also eat 
dead and frozen vegetation that can. be dug through the snow (Mayer and Roche 

1954) . 

Arctic ground squirrels mate in May. After a gestation period of 25 days, 
average litters of about 8 young are produced (Mayer and Roche 1954). The 
young squirrels then undergo rapid growth and development. Mayer and Roche 
(1954) summarized: "In three months of above ground foraging the young of 
the year must attain sufficient size and weight to allow them to enter 
hibernation in the fall and to emerge in the spring in breeding condition." 
Even sex ratios were observed in arctic ground squirrels live-trapped and 
shot at ANWR study sites in 1983 and 1984. Male lt~eights were 600-700 g; 
female weights were 400-575 g, and juvenile weights were 275-325 g in early 
July 1983 (Babcock 1984 and 1985). 

Ground squirrels are occasionally utilized as a subsistence food source by 
Kaktovik residents (See Chapter 7). However, their greatest importance lies 
in the role of a prey i tern in the arctic food web. The arctic ground 
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squirrel is preyed upon by raptors, including snowy owls. Golden eagles and 
roughlegged hawks were seen hunting over ground squirrel colonies at study 
sites in or near the ANWR coastal plain throughout the summer of 1'183 and 
l 984 (Babcock 1984 and l 985). Gulls and jaegers are also kncH·m to feed on 
them (Pruitt 1966). Ground squirrels comprise large portion of the diet of 
foxes and grizzly bears (Pruitt 1966) and are preyed upor: v101ves ::md 
wolverines (Babcock 1984). Babcock (1985 observed gri.zzly he~}rs dip:P:inp: ~n 

ground squirrel colonies and commonly found evidence of grizzly prPdation in 
or near the ANWR study area. Banfield (1958) felt that the centra~ Canadian 
arctic population of grizzly hears could not survive in area;; d•c:vr-.id c)i' 
ground squirrels. Many ground souirrel colonies a.re noted to hCJV"' bee\1 
excavated by grizzly hears during the summer of l 981 ( R. Sartr~ls cer':O'. 
COffi[T],). 

Microtine rodents 

Three species of microtine rodents occur in the ANWR study area: the hrovm 
lemming (Lernmus sihericus), collared or varying lemming (Dicro3tonyx_ spp. l 
Rnd the tundra vole (Microtus oeconomus). In adclition, t\.JO other :spec.!_e:'., 
the singing vole (Microtus miurus) and the tundra reci-back·:c:d volr: 
(Clethrionomys ruti.lus) occur near and possibly in the study 'irea. The 
singing vole is common in the foothills and mountains adjacent to the 
area (Babcock l986a). Bee and Hall (1956) found only 2 recordC'. of the 
singing vole on the coastal plain although it was the most abundant 
microtine in the study area and was trapped by Babcock (l985a) at the 
Kongakut River, southeast of the Brooks Range. The tundra red-backed '!OLe 
also occurs in the mountains south of the study area and may exteno its 
range out onto parts of the coastal plain (Bee and Hall 1986). 

In 1983-1984, a study was conducted to estimate and describe distributions. 
den sites, habitat use, population dynamics, and predator use of micrntine 
rodents at 3 study sites (Fig. 51) in or near the AN'IJR study area (Babcock 
1984, 1985, l986a). Burgess (1984) examined the seasonal avaHahilitv c•f 
microtine rodents as prey for arctic foxes at Demarcation Bay, :~ear the ANHR 
study area. The majority of work on lemmings on the north slop<" of Alaska 
has been done at Barrow, where brown lemmings are ahundar>t and colLa1"ed 
lemmings are usually scarce (Batzli et al. 1980). 

Distribution of the 5 microtine species found in or near the ANWR study in 
1983-1984 (Babcock l986a) Has similar to that reported by Bee and \.laLl 
(1956). The brown lemming occurred more commonly toward the ccast, and the 
tundra vole was widely distributed from the coast to the mountains. The 
singing vole was primarily restricted to the foothills and mountains and the 
red-backed vole, although present in the Peters Lake a rea (Bee and Ha1l 
1956), was not captured on the study area (Babcock l986a). I11 1983-1184, 
tundra voles were the most commonly captured species and other species were 
at low den sites or restricted in their distribution at ANWR study sites 
(Babcock l986a). In 1983, tundra voles showed increasing populations 
throughout the season and demographic profiles typical of productive 
populations. In 1984, lower densities were seen (Babcock lq86a). Densities 
of brown lemming were higher in 1978 than in 1979 at Demarcatio:1 Bay 
(Burgess 1984). 
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Brown lemming and collared lemming populations apparently fluctuate in 
densitie~:; on the ANWR coastal plain (Babcock l986a). In 1985, Babcock 
(L986o) documented increased densities of brown lemmings at 2 ANWR study 
sites (Fig. 47) \-Jhich also had a corresponding high diversity of microtine 
oredatcrs. Arctic fox, least weasel and snowy owls were seen at l of the 2 
sites, and brown bear, wolf, ermine, and 3 species of jaeg~rs were recorded 
at both sites. In 1985, pomarine jaegers and snowy owls rested successfully 
on the ANWR coastal plain for ::,he first time in at least 2 years (Babcock 
l•:;86b). High brown lemming den sites may be a key factor in attracting 
predators into an area according to Babcock (l986h). Increased den sites of 
:undra voles vJer·e also documented at a third study site in 198'5, where 
corresoonding increase in predator diversity was seen, suggesting that 
Babcock (1986tl suggests that tundra vole populations either do not 
nuetuate or fluctuate out of synchrony with lerr.ming species and do not 
sur,por~ i'l\ ureciable pr·edation by birds. 

Babcock (lo86a) four.d that the tundra voles selected wet, 
vraminoid-dominated troughs of polygons over other available micro habitats, 
and thaL collared lemmings appeared to select dryer rims and high centers of 
poly~0n rich in dicotyledonous plants. At Barrow, brown lemmings also used 
.,,et poly2_~nn trough micro-habitats (Batzli et al. 1983). On a larger scale, 
tundra voles use meadows and the banks of streams (Batzli and Jung 1q8o), 
colJar0d lemmings use well drained ridges and areas of high centered 
polygon:c (Batzli et al. 1980) and brown lemmings use meadow areas of low 
center polygons and polygon troughs (Batzli et al. 1983). 

tv1icrotine rodents are extremely important components of the tundra 
ecosystem. They may account for most of the vertebrate grazing and browzing 
of th8 tundra and may rival ungulates in terms of production of biomass per 
·1 it :1re:1 (Bat.7.~ i_ ''"t a1. 1980). They are also an important prey resource 
for a wide variety of bird and mammal oredators. 

I11~.ec.t. i v:ores 

Cine"reou~3 shr':'\-TS (Sorex cinereous) occLJr in the ANWR study area (Bee and 
Hall lq5')) and were trapped by Burgess (1984) at Demarcation Bay adjacent to 
tLY: c5tudy area. T;.,ro other species of shrews ( Sorex arcticus and Sorex 
:'2_h.3C..'::_l~'lus) may also occur in or near the ANWR coastal plain as they have 
be·:~ recorded in a(ljacent areas (Bee and Hall 1956). 
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