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Preface

In 1980, when the U.S. Congress enacted the Alaska National Interest Llnds Conservation Act (ANILCA), it also
mandated a study of the coastal plain of the Arctic N~lliollal Wildlife Refuge. Section 1002 of ANILCA slated lha! a
comprehensive invelltory of fish and wildlife resources would be conducted on 1.5 million acres of dIe Arctic Refuge
coastal plain (1002 Area). Potential pctrolcUIll reserves in the 1002 Area were also (0 be evaluated from surface geological
sludies and seismic exploration .~urvcys. Results of these studies and recommendations for [mllee management of the
Arctic Refuge coaS!3[ plain were to be prepared in a report to Congress.

In 1987, the Departlllent of Interior published the Arctic National Wildlife Rcfugt', Alaska, CDanal Plain RNDurce
Arsess!lwn! - Report and RCCDJIllllt'/ldlltirJ/l (0 tl/l' Congress o[ tl/l' United StaleS (lmi Final Elll'imnmclltal impact
SWftmtlll. This report to Congress identified the potclIlial for oil and gas production (updated* most recently by Ihe
U ,S, Geological Survey in 200 I), described the biological resources, and cvaluated the potential adverse effects to fish
and wildlife resources. The 1987 report analyzed the Jlotelltial cnvironmental consequences of five management
altemOltives for tlle coastal plain, nlllging frOIll wilderness designation to opening the entire area to IC3se for oil and gas
developmellt. The report's summary recollllllended opening the 1002 Area to an orderly oil and gas leasing program,
but cautioned that adverse cffect.~ to sO/l1e wildlife Jlopulations were possible.

Congress did not act on this recoll\lllendation nor allY other alternativc for tlle 1002 Area, and scientists continued
studies of kcy wildlife species and habitats on the coastal plain of thc Arctic Refuge and surrounding areas. This report
contains updated summaries of those scientific investigations of caribou, muskoxen, predators (grizzly bears, wolves,
golden eagles), polar bears, snow geese, and !heir wildlife habitats.

Contributiolls to tllis report were made by scientists affiliated with the U.S. Geological Sun'ey; U.S. Fish and
Wildlife Service; Alaska Departlllent of Fish and Game; Univcrsity of Alaska-Fairbanks; Canadian Wildlife Sen'ice;
Yukon Department of Renewable Resources; and the Northwcst Terrilories Departmenl of Resources, Wildlife, and
Economic De,'c!opmenl.

Sections of the reJl0rt prcsclltillj,; ncw information on caribou and forage plants were peer-reviewed by thrce
indcJlendent, non-affiliated scientists. The remaining sections sUlllmarize previously published peer-rcviewed scientific
papcrs and wcre reviewed by a single independcllC scicntist. The U.S. Geological SlIn'cy :md thc U.S. Fish and Wildlife
Servicc collaborated in the publication of this report.

:r U.S. Geological Survcy Fact Sheet FS-028-0l
hup:1Igeology.cr.lls£s.g0vIpuh/fac t·.~hecIs/fs-002 ~ -0 II
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ARCTIC REFUGE COASTAL PLAIN TERRESTRIAL \VILDLIFE RESEARCH SUMMARIES

Section 1: Introduction

Background

The Arctic National Wildlife Refuge in northeastern
Alaska is one of 16 refuges in Alaska and 539 refuges
nationwide within the National Wildlife Refuge System
ildministcred by the U.S. Fish and Wildlife Service. First
established as the Arctic National Wildlife Range in 1%0
by Public Land Order 2214, it initially had a three-fold
purpose 10 preserve unique wildlife. wilderness, and
recreation values on 8.9 Illillion acres.

In 1980, the Arctic National Wildlife Range was
expanded to the southwest and renamed the Arctic
National Wildlife Refuge (also called the Arctic Refuge in
this report) when the U.s. Congress passed the Alaska
National Interest L~H1ds Conser\'ation Act (ANILCA),
Public Law 96-487 (94 Stal. 2371). This legislation also
designated almost ,Ill of the original Arctic Nmional
Wildlife Range as wilderness, and it directed the
Secret:lry of the Interior 10 conduct studies evaluating
both the biological resources and the potential petroleum

reserves of 1.5 million acres (titled the 1002 Are:l) on the
coastal plain of the Arctic Refuge.

In April 1982, the Arctic Refuge staff completed a
report summarizing the then current st:l1e of knowledge
on the fish, wildlife, and their habitats present 011 the
coastal plain of the Arctic Refuge (U.S. Fish and Wildlife
Sen'ice 1982). From 1982 to 1985, field investigations of
biological resources of the 1002 Area were carried out by
a number of investigators, and annual reports summarized
the results (Garner and Reynolds 1983. 1984. 1985, 1986.
1987). These reports and other resources were used to
prepare a DepartlllelH of the Interior report to Congress:
Arc/ic Na/ional Wildlife Rtfllge, Alaska, Coastal Plain
Rt'SOIlrce ASSt'SSIllt'1l1 - RI!J1orf (///(1 RecOIlllllclUiarioll to
Ihl' COIlgr,'ss of the Unired Slall'S and Finlll
EIII'irolllllt'lIIal I/Ilpact Srart'/II<'1l/ {Clough el al. 1987).

Biological investigations continued from 1988 through
1994 in and near the 1002 Area coordinated by research
scielllists from the U.s. Fish :md Wildlife SCr\'ice who arc
now part of the U.S. Geologic:ll Survey (~kCahe et a!.
1992). Coll:lboralOrs included speci:llists from the Arctic
National Wildlife Refuge: Alaska Department ofFish and
Game: Univc~ity of Alaska-Fairbanks: Canadi:ln Wildlife

- Amkl'<"\.\'I{boo<>d¥y

1002 bound.ry

-, In""""'>tionol~

Arctic National Wildlife Refuge {

and Surrounding Areas 'fi'"
mil..

o 20 4ll 60 !lO
~

031(,.4961:18

lilomo<=

Figure 1.1. Geographic map of lhe Arctic National Wildlife Refuge. Alaska, USA, and surrounding areas.
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Service; Yukon Department of Renewable Resources; and
the Northwest Territories Department of Resourccs,
Wildlife, ;jlld Economic Dcvelopmenl. Additional
infonnation continued to be collected from 1995 until the
present (200 I) as part of monitoring caribou (Rallgi[u
tarandus), polar bear (Ursus maritimlls), and muskox
(Ovibos moschatus) populations and their habitats.

This current report is a summary of these tecent
investigations, building upon the information of past
studies. It includes updated information about population
dynamics, distribution, energetics, and habitat use of the
key wildlife species as well as discllssions about Jlotential
effects and mitigation of petroleum development on
wildlife and habitats in the 1002 Area.

Study Area

TIle studies summarized in this report focused on the
1002 Area of the Arctic National Wildlife Refuge bllt also
extended into adjacent regions of the Arctic Refuge,
eastward into C<lnada, and as far west as the Prudhoe Bay
and Kuparuk petroleum development areas in north
central Alaska (Fig. 1.1).

'nte Arctic National Wildlife Refuge is the largest and
lllOSt northern national wildlife refuge in the United
Slates, encompassing 19.6 million acres (30,000 square
miles). A vnriety of arctic and subarctic habit<lts exist in
the Arctic .Refuge. including ncar shore marine habitats
along tlte coast, arctic tundra on the cO:lstal plain, alpine
habitats in the foothills and mountains of the Brooks
Range, and taiga and boreal forests south of the
mountains (Fig. l.l).

The cO<lstal plain of the Arctic Refuge contains
calving grounds of the intemational Porcupine caribou
herd, year-round habitats for muskoxen, fall staging areas
for lesser snow geese (Chell cacrulescellS c(/t'rllh'sccIlS).
denning habitat for pregnalll polar bears, and SUllllller
ncsting areas for numerous species of migratory birds,

TIle 1002 Area is a region on the coastal plain in the
llorthem part of thc Arctic Refuge (Fig, 1.2). It lies
between the mountains of the Brooks Range (69(> 35' N)
and the Beaufort Sea (70° 10' N) and is bounded on the
cast by the Aichilik River (l42°]{)' W) and on tIle west by
thc Canning River (1460 IS' W),

Numerous northward-flowing rivers <lnd streams
bisect the 1002 Area. Only a few large lakes arc presellt
:llld lll(}.~t freeze to the bOllom by latc winter, 'l1le climate
is characterized by extremely low winter temperatures,
persistent winds, and short cool SUlllmers, Temperatures at .
Kaktovik on the coast of the Beaufort Sea (Fig. 1.2).
averaged -25"C (-IYF) in FehnJary and +(j"C (+4J"F) in
June during 19H6-l995.

Precipitation occurs frequently as drizzle in SUllllller
and light snow in \\"iJ1l(~r. The ground surface is frozen
from Scptember until Junc. A permanently frozcn

substrate called permafrost lies below the surface of the
soil. Winter conditions with below freezing temperatures
and snow exist for 8 to 9 months each year, Easterly
willds predominate most of the year, although storms
usually arrive on westerly winds, At K<lktovik, the sun is
continuously above the horiwn from thy IS to July 27
and below the horizon from November 24 to January 17.

The mountains of the Brooks R<lnge converge with lhe
Beaufort Sea in this northeastern corncr of Aillska, The
result is a uniquc juxtaposition of landscape features in
the Arctic Refuge compared with surrounding arcas (Fig.
1.1). The steeper elevation gradient between mountains
and ocean on the coastal plain condenses a diversity of
habitats and ecological niches into a narrow <lrea.

Vegetation in the study area is predominalllly tundra
wilh a groundcover of low-growing plants «I foot high)
that includes dW<lrf shrubs, sedges, small herbs, lichens,
and mosses. Taller shrubs arc restricted to drainages and
south facing slopes, Almost the entire coastal plain is
classilied as wetland.

Fivc terrain types predominatc across lhe study area.
MOllntain terrain, with its complex and often sparsely
distributed vegetation comnltlnities, occurs along thc
wuthem periphery. Sedges, tIlssock-fonning sedges, and low
willow :lnd birch shrubs domin<lte thefoothill terrain. Hilly
coastal plains ofgently rolling topography have large areas
of pattcrned ground formed by ice-wcdge polygons and frost
boils and support tussock tundra, low shrubs, and gr:.ullinoid·
dominatcd tundra. Riwr flood plains support localizcd

·habitats of willow thickets as well as a rich diver.;ity of other
plant species and communities, Flat thaw-lake plains ncar
the seacoast have wet and moist graminoid tundra and
abundant shallow lakes formed by thawing of pennafrost.

110rc extensive descriptions of the study area can be
found in Clough et a1. (1987) and U.S Fish ·and Wildlife
Service (1982, 19HH).
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Section 2: Land Cover

Janel C. Jorgensoll, PC/a C. Joria, alltl David C.
Doug/as

Vegetation Mapping of the Arctic Refuge Coastal
PlaIn

Documenting the distribmion of Iand·cover types on
the Arctic National Wildlife Refuge coastal pl:lin is the
fOllndation for impact asseSsmenl and mitigation of
potelllial oil explor:llion and development. Vegetation
maps facilitate wildlife studies by allowing biologists to
quantify the availability of important wildlife habitats,
investigatc the relationships between animallociltions and
the distribution or juxtaposition of habitat types, and
assess or cxtrapolate habitat characteristics across
regional areas.

To meet the needs of refuge managcrs and biologists,
Sil!dlite imagery was chosen as the most cost-effective
method for mapping the large, remote landscape of the
1002 Area.

Objectives of our study were the following: I)
evaluate a vegetation classification scheme for use in
mapping; 2) detenninc optimal methods for producing a
satellite-oosed vegetation map that adcqu:llcly mct the
needs of the wildlife research and management
objectives; 3) produce a digit,\1 vegetation map for the
Arctic Refuge coastal plain using Landsat-lllelllatic
!'.Iapper (TM) satellite imagcf}', existing geobotanical
classifications, ground data, and aerial photographs; and
4) pt:rform an accuracy :l.~SeSSlllellt of the map.

The land-c()\'er classification _~cheille developed for
the mapping pmject was based on Walkcr's hierarchical
vegetal ion classification system for northern Alaska
(Walker 1983). During the developmellt of the map, the
scheme was altered slightly to provide a group of land
Cover classes lhat wcre more cornp,lIible wilh the
ill fOrmation contelll of the L:llItlS:Il-Tl'\l .~pc-ctral data and
ancillary data. Wildlife biologists were consulted to
cnsure that the system included lantl-cover types relevant
to wildlife habitat_~tlldie.~,

We conducted a preliminary assessment of mapping
tundra habitats with Landsat-TI'-I and SPOT satellite
image dala. W... IIsed:m intcc-riltioll of the 2 d;\ta sourcc.~

for one study area and uSl.'d Landsat-Tl'Il e;~c1usivclv for
another. Results indicated that the expense (at the ti'me of
the study) of illlcgr.1til1g SPOT tlat,1 would not be COSI
effeclive for the enlire mapping project. Landsat-TI\I
methods, however, could improve existing maps made
previollsly wilh Landsat-1'.ISS data duc to Tr'\l's finer
spatial resolution and additional spectral hands,
Therefore, further sltldics focused on using the Landsat
1'1'1'1 data.

We eValuated 3 methods for producing a lilnd-cover
lllap from Landsat-TM data: I) a supervised classification
approach where spectral categories \",ere defined by
referencc to field d,1t'1; 2) nn unsupervised nppro:lch
where spectral Ciltegories were defined by a stlltistical
clustering algorithm without reference to field data; and
3) a modeling approach where the unsupervised
classification was combined with ancillary dilla abollt the
landscape, such as terrain types, slope, and elevation
(Jona and Jorgenson 1996). Accuracy asse~'Sl1lents

indicated that modeling was the best approach due to

limited spectral differences among several tundra
vegctation types.

Spatial data used to produce the land-cover map
included 2 Landsat-TI\-I multispectral images, digital
elevation data (including derived slope and sun
illumination themcs), and maps of riparian zones and
terrain types (including hilly coastal plains, foothills,
mountains, thaw-lake plilins, and floodplains), Each of
thesc data sources comprised athelilatic layer in a
geographic information system (GIS).

Field dala were collected ,Il 102 sites in lhe Arctic
Refuge, with 5 to 20 plots established in diffcrent hmd.
cover types at each site over 4 years. The sampling
lOCations were digitized and a GIS thcme of field-verified
land-cover types was produced.

Field data were cross-referenced with the statistically
generated spectral classes to determine the most common
land-cover type associated with each of the spectral
classes. Because many spectral classes represented mOre
than one Iand-covcr type, the ancilillry, non-spectral data
layers were Ilsed to improve the classification (Hutchison
1982), Each spcctral class was cross-tabulated with the
field land-cover, terrain type, elevation, sun-illumin>ltlon,
and slope layers. 111ese tables were used to guide thc
modeling of decision rules fOr splilling confoundcd
spectral e1asses into separatc land,cover types.

The land-cover class assigned to each unit area Oil the
map (30-1Il~ pixel) depended on its spectral class and
associated ancillaf}' data, most commonly slope and
terrain type. Preliminary land-covcr maps were produced,
>lnd then the distribution of each land·cover class WilS
viewed in conjullction with color-infrared aerial
photographs showing vegctation to judge the lIlap
accuracy. Additional field data were gathered for problcm
~~e:ls, and thc deci.~ioll mles were modified as necessary.
1he process was repeated through several itcrations
before the final map was produced.

Thc ll1:lpping methods, datll, sUllllllary statistics, and
an accuracy assessment were presented in a map user's
guide (Jorgenson et a\. 1994). The ima~e processing
methods were preSellted ill more detail in Joria and
~o~genson 1996. Sixteen land-cover classcs werc mapped
lFlg. .1.1.). They included: I) wet gralllinoid tundra, 2) wet
graJlllnOid tundra with lO-50t;(, moist indusiolls, 3) moist
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Figure 2.1. Land·cover map of the 1002 Area with corresponding vegetation class names, descriptions, and class codes, Arctic National
Wildlife Refuge, Alaska.

;;cdgc-willow tundr:l With lO·5W;}, wei inclusions. 4)
moist sedge-willow lundra, 5) moist sedge-Dryas tundra.
6) mOist sedgc-tussock IUndra. 7) moist shrub-tussock
tundra. 8) moist low-shmb tundra. 9) moist shrub tundra

on high-ccnlcrcd polygons. 10j Dryas-graminoid alpinc
tundra, II) riparian shrub. 12) Dryas rivcr tcrracc. 13)
partially vcgclalcd, 14) barrcn, 15) icc. and J6) Willer.
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The land-cover classes are described in dctail in the
map user's guide, which includes quantitative vegetation
cover data, species lists of typical plant communities
occurring in each land-cover class, photographs, :llld
cross-reference to 7 other classification systems used in
northem Alaska.

An accuracy assessment was performed with an
independenl data set of 318 vegctation plots that were not
llsed to lHake the map. The plol.~ were systematically
located across the coastal plain and foothills but not
across the mOllntains. Point-by-point overall agreement
betwecn the mapped Imld·cover classes and the tield
assigned classes was 50% (Table 2.1).

Although land-cover types in the classification system
were distinct, land-cover types in the field occurred
across a continuum. Almost all of the vegctation in the
mapped area was less than 0.5 meters tall and the
strUctural and floristic differences alllOng related types
were not great. Subtle transition zones betwccn land
cover types arc Ch:lf<lcteristic of the vegetation of low
arctic tundra. Most errors reported in the accuracy
assessment werc between closely relatcd types that were
typically adjacent and interspersed inlhe field.

Approximatdy 86% of the assessment points were
classified as the correct type or one of the most closely
related other types. Agreemcnt is higher whcn simil.1f

•classes arc combined into the fcwcr, more gcneral classes

lypically used in wildlife studies. For example, when the
map W,IS combined into 6 or 7 more generalized classes
for ungul:tte habitat studies, ovcr 70~"o agrcement was
obtained. TIle greater initial detail of the I6-class lllap
was prescrvcd, however, because it alJows adaptability to
a wider runge of studies.

Proportional occurrences of the vegetation classes
across the entire coastal plain and within various terrain
types were roughly similar between the mapped classes
and the independcnt ground-truth data set (Table 2.2),
again with the majority of discrepancy arising bctween
c1osely-rclated vcgetation cOllllllunitics.

The finalland-covcr map is available to the public in
digital format at hllp:llagdc.usgs.gov. 111e ancillary GIS
data layers (topographic data, digitized field data,
accuracy assessmcnt point locations, terrain types, and
riparian zones) arc archived at the Arctic National
Wildlifc Refuge headquartcrs in Fairbanks, Alaska.

Because the land-cover map and its associated
landsc:lpc themes have compatible digital fonnats, they
can easily be applied to a variety of future GIS
applications. Additional the Illes can easily be incorporatcd
as l\\ore resource infom1ation bccomes available, or as
new management or mitigation needs arc identified.

Table 2.1. Contingency lable used to assess lhe accuracy of the land·cover map of the coastal plain of the Arclic National Wildlife Refuge.
A!as~a. Table IXlmpares the map's coastal plain and foolhililand-cover classes (rows. ordered by ecological continuum) with field-assigned
classes (columns) from an independent syslemalically·sampled data set of 318 points. Land·cover class codes are defined in Fig. 2.1.
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Table 2.2, Percent of each land-C()ver class in the land-cover map of the coastal plain of the Arctic National Wildlife Refuge, Alaska, and the
percent partitioned among vanous terra'lf\ types, Land-cover dass codes are defined 'If\ Fig. 2.1.
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Section 3: The Porcupine Caribou Herd

IJrm} Gnffilh, D(wid C. Douglas, Noreen E WaLxh.
Donald D. YOIlIlg, Thomas R. McCabe, Donald E.
Russell, Robert G. White, Raymolld D. Cameron, {1m!
Kenneth R. Whillcn

Documentation of lhe natural range of variation in
ecological, life history. and physiologic.:11 characteristics
of caribou (Ranglfer /armuhlS) of the Porcupine caribou
herd is a necessary base for detecting or predicting an)'
potential effects of industrial developmellt on lhe
performance (e.g., distribution, demography, weight-gain
of individuals) of Ihe herd. To Jcmollslr:llc an effect of
development, post-development pCrfOnll<1nCC Illust differ
from pre-deVelopment pCrfOfm:lllCC whik accounting for
any natural envirolllllcntaltrends.

We had 2 working hypotheses for our investigations:
I) performance of lhe Porcupinc caribou herd was
associated wilh enYlronmental pallems and habitat
quality, and 2) acces.~ 10 important habitats was a key
influence on demography.

We s()ught to document the range of natural variation
in habitat conditions, herd size, demography (defined
here as sllrvival and reproduction). sources [lild magnitude
of mortality, ~listribution, habital usc, and weight gain and
loss; and to develop an understanding of the interactions
among these characterislics of lhe herd.

III addition, we invesligated ways that we could me this
background information, combined Wilh auxiliary
information from the adjacent Central Arctic caribou herd,
\{} predict lhe din..'Clion iUld lllilgnitudc ofany potenti;11 effects
of industrial oil development in the 1002 Area of the Arclic
National Wildlife Refuge on Porcupine caribou herd calf
sun'ival on lhe herd's calving grounds during June.

Data, Methods and Assumptions

This work focused on the calving and post-calving
seasons of the Porcupilll:: caribou herd. 111e call'ilJg
season WilS defincd a.~ the 3-week period thaI bcgan wilh
the birth of calves (spring). Post-ell/ring was defined as
the 3-week periodlhat followed the calving Scason (carly
sUllllllcr).

Porcupine caribou herd size wa.~ eSlimatcd by lhe
Alaska Departmellt of Fish and Game (ADF&G) from
aeriOlI pholO-censusl~s during post-calving aggregalions.
Only censuses considered reliable by ADF&G were used.
Variance in annual censuses due 10 llluitiple observers
counting portions or the photo scts was relatively small
whL'n COl1lp;lrcu wilh cadi census (+2%) and was iCllored
illlhe display I)f annual cell.'ill.'iCS l(;-the ncarest I,O{)O
animals.

Demngraphy and calf weight-gain were estimaled
rrum repeated locations andlor recaplures of radio-

collared animals. Calving distributions were estimated
fwm 767 calving sites of adult (~3 year old) radio
collared female caribou oblained during 1983-2001
[average of 40 sites per year; fixed-kernel analyses using
Least Squares Cross Validation (Silverman 1986. Seaman
et a!' 1996. 1998, 1999)1. Concellfrared ca/l'irlg areas
were defined as the annual kemel contour thaI included
calving sites wilh greater lhan aVerage density (Seaman el
;ll. 1998). Annua/ calving grounds were defined as lhe
99% kernel utilization distributions Obtailled from annUal
calving sites. ExfeTll of cah'ing was defined as the
aggregale e;"lent of all annual calving grounds.

Vegetation types were mapped from Landsat-Thematic
l\lapper satellile imagery (Fig. 2.1; Jorgensen el al. 1994)
and reduced from 17 to 7 clnsses for caribou habitat
analyses (Fig. 3.1). We estimated the Nonmllized
lJijji.'rellce \'egl'fatio!l Index (NDV!) (Tucker 1979,
TUcker et al. 19S6) and snowcover from Advanced Very
High Resolution Radiometer (AVHRR) data from
Nalional Oceanic and Allllospheric Adminislration
(NOAA) polar orbiting satellites. Snowcover was
eSlimated using a linear regression Ihat we derived by
correlaling AVHRR infrared reflectance wilh estimates of
~'nowcoverextracted from 'lerial photographs collt..'Cted in
lhe 1002 Area during lhe snowmelt periods of 1987 and
1988 (r =0.87, Tl =80). Cloud contaminaled areas in the
AVHRR illlJges were identified (Baglio alld Holroyd
1989) ;llld excluded from anal)\~es, as were large water
bodies. AVHRR and 1l1ematic l'.Iapper illlnges were
trnnsfonned 10 an Albers Equal Area projcction and re
s;lmpled to I-km~ pixel sizc.

NDVl indexes the disproportionale refleclance of ncar·
infrared radhuion from green vcgetation (Tucker ilnd
Sellars 1986) in the callopy of plant cOllllllunilies. Thus,
relationShips between NDVI and tolal green plant
hiomass or leaf area index (LAI) would be expected 10 be
strongest for planl communities wilh reduced vertical
dislributi{)IJ of green biomass ilnd leaf area (e.g.,
cOlml1llnities dominated by sedges, grasses, or short
shmbs that arc coml!1on in the Arctic). Due 10 lhe size of
the pixels (-I klll)) AVHRR data arc linked /l1ore to
landscape processes than 10 individual plant communities
(Malingreall and Belward 1992).

Relalively good corre];lliollS have becn oblained
bel ween above ground net primary productivity (ANPP)
and se;lsonaJly illlcgrated NDVI (r = 0.89: Pamelo et al.
1997), LAI and NDVI when inlegralctl across
physiognomic categories (r = 0.97; Shippen et al. 1995),
and p!wtosynlhctic biomass and NDVI in small plots (,2 =
0.51; Hope d a1. 1993). Because NDVI indexl'd IOtal
green biomass and carilll)u arc selective feeders (White
1983), wc assumed lhal lhe biomass of forages eaten by
caribou was positively correlated Wilh tOla] green biollla~'s

at tIte lall,bcape scale.
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OWet Sedge
[J Moist Sedge

111 Herbaceous mm Shrub
Tussock Tundra Tussock Tundra
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II Riparian
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Figure 3.1. Land·cover dasses onlhe coastal plain of the Arctic Nalional \Vildl"lfe Refuge, Alaska, and eastward inlo the Yukon Territory, Canada,
as generalized for studies of the Porcupine caribou herd. Classes are based on Jorgensen et aI, (1994) as depicted in Fig. 2.1 and are expanded
to include Canada usin9 a Canadian Wildlife Service landsat-derived vegetation map of the Northern Yukon. Classes on lhis map and their
corresponding classes in Jorgensen et a1. (1994) include: Wet Graminoid (WG, WGM, some PV), Moist Sedge (MSW, MS, MSD), Herbaceous
Tussock Tundra (n, SP). Shrub Tussock Tundra (SD), Alpine (ST, AT, some PV), Riparian (RS, DT, some PV), and Non·vegetaled (SA, tC, WA,
SH).

\Ve directly estinlated NDVI at 3 times:
I) Nf)\'Ccall"ing - composite (Holben 1986) images
olll'lined a~ dose a'> pos~ihlc to median calving dale
~ach year (mean image date of 2 June. 5E = 2.0 days).
Snowcover W:1S also estimated from these images.
Ncgati\'e NDVI \':llues (areas with snOWc()Ver) were
convened to 7,ero NDVI.
2) NDW~lllid'}IIIIt, - approximately 2 weeks arter
c,llving (mean image date of 16 Junc, 5E = 2.6 ,bys).
3) NDVljarly·}uly - during the lIrst week of July
(Hle;lI1 imag,e dalll of 3 July, 5E = 2.4 days).

From these images \\"e derived 2 additional estimates:
I) NDVel'llli' - the pixd-based daily rate of increase
ill NJ)VI from calving to mid-June.
Z) NDWJ)21 - NDVI on the fixed date of21 June
each year (approximately 3 weeks aftcr calving,
iinearly interpolated from mid-Junc and e:lrly-July
images).

1:1 years whcn Sllowcover was substantial (i.e., 1986,
19BB. 1989, 1992, 1997) and NDVI3alving was ncar
l,<-'rD, there may have been a small o\'ercstimate of
NDV1_rate, In addition. cloud L:over made it impossible
hl o[)laill a complete image 011 any fixed date. Thus.

NDVI_621 was the most robust NOVl estimate bec;\uSe it
was intcrpolated to a fixed date from 2 snow-free im:lges.

We assumed that NDVl_calving and NDVI~621

represented relative green foragc quantity while
NDVI_rate reflected forage quality because it estimated
the daily accumulation of new plant tissue which is highly
digestible (Cameron ,lI1d Wl1illcn 1980). The quality
implication of NDVI_rate was based on the assumption
that caribou for:lge selectively for the most digestible
food items (While 1983). Because energy and protein
intake from milk by caribou cal\'cs remains high during
the first 3 weeb of life and then declines as calves
increase their intake of vegetation (Whitc and Luid 1984.
Parker et al. 1990), we assullled that NDVI~621 estimated
forage availability to lactating females during the 3·weck
period of peak lactation derl1;lI1d imlllediately after
c.llvillg.

Predator distributions and rdativc densities were
estimated from annual relocations of radio-collared
grizzly bears (Unus arclOs), 1983-1994, and from aerial
survey locations of goldcn cagle (Aquila chry.\'(!C{(J.I') nest
structures and wolf (Callis IUJ1l1s) dens (Fig. 6.1).

Satellite-collared c:lribou provided supplemental
inform;llion on distribution throughom the herd's annu:lI
r:lllge. Estimates of minimum daily lllOVemel1\ rates were
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obtained frolll satellitc-eollared animals, 1985- I995, and
from ncar-daily relocations of conventional radio-collared
calvcs on the calving ground, 1992-1994.

Data were analyzed with contingency tables, linear
and stepwise logistic regression, mulli-response
peTl1lUtation procedures (/'vlRPP, Mielkc and Berry 1982),
,lIld analysis ofv:lriance. Abike's Information Criteria
(AIC: Akaike 1973. Sakamoto et al. 1986) were used for
final model selection. Bonferroni procedures were used 10

provide over:11J experiment error protection as
'lppropriate. GIS technology, rClllotely-sensed habitat
daw-Iayers, habiwHJemography relationships, and
simulation modeling were uscd to assess pOlential effects
of displacement of c;llving grounds on calf survival each
June.

Not all types of data were available throughout the
elllire primary study period of I(8)-2001. Calf weights
near birth were estimated from captured 1- and 2-day·old
animals in 1983-1985, and again in 1992-1994. Calf
weight-gains on the calving ground and cow weights in
June and September were estimaled in 1992-1994.

Caribou food habits were estimated during 1973
CillOmpson ;lIld 1\kCourt 1(81), 1979.. 1981 (Russell et al.
1993), and for this study during 1993-94 from
microhislOlogical analyses of fecal pellets (Sparks and
Malechek 1968) correcled for forag.e digestib il it y
(Duquelle 1984).

Annual adull caribou survival was estimated in 1983
1992 (Fancy Cl al. 1994. Walsll et al. 1995). Over-winter
calf survival was estimated in 1983-1985 and 1988
(Fancy et al. 1994. Walsh et al. 1995). }IIII£' cal/sun'ival
nhe proportion of parturient wdio-collared females
retaining live c:llves during the last week of June) W:IS

estim:lted in 1983-1992 (Fancy et al. 1994, Walsh et al.
1995) and for this study in 19lJ3-2001.

Calving disnibutions and vegetation types on the
calving grounds were available for all years 1983-2001,
hut siltellite-based estimates of NOVI ;llld snowcover
were only available for the ye;lrs 1985-2001.

The study area covered the annual range of the
Porcupine caribou herd (FIg. 3.2), empha.sizing the
calving ground, and was described in the inlroduction to

Figure 3.2. For the Porcupine caribou herd: annual range (wide white solid line), calving sites (yellow points), and aggregate extent of calving
(thin solid yellow line), 1983-2001. For the Central Arctic caribou herd: aggregale extenl of calving (thin solid white line) and calving sites (white
points), 1980-1995. (Adapted from Wolfe 2000).
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Illis r~pofl anu in th~ 1987 Final Le,gislativc
EIl\'ironl1lenlal 11l1P;ICl SIOltcllll'lll (Clough el al. 1%7).

Nutritional Importance of the Calving Ground

Spring arriv;ll Oil thc l..'alving ground is lfll' lime of
minimum bouy reservcs for llilrf/lri('/j( fell/illt'.\' (Ihosc
;lhoutto givc birth or accompanicd by vcry young ealn:s)
(Chan-MeI,eoul't al. 1999). Thereaftcr, their enagy and
protein requirements rcach thc highest level of the year
during peak lactation in the first J wcds of June (White
and Luick 1984, P;lrker ct al. 1(90). The felllales'
appetites are high and forage intake rates can match
bCt;ltiol1 de,mand only when.' primary production is high
(White l,'t al. 1975, 1981). Small changcs in nlllritional
comel]( and digestibility of forage, howevcr, can havc
substalllial Illultiplier effects on digestible encrgy and
protein illlake (White 1(83), :lJld thus Ill;]y inlluencc
llutritional perforl1l:ll1ce of Pllrcupine caribou hcrd
females on th~ calving grOlHh.!.

Rccent advances ill idell1ifying the basis of selection
of fool! by ungul:nes (k'mollstrate th<!l forage illlake is a
function of ull£lIlate Jllorpholo~y. plant ;lrchitecture, and
biolll;1SS ofaccept;)b!e for:lgc (White et al. 1975. TrmJcll
;Ind White II)X I, Spn!in£er ct al. I9SX. Shipley and
Spalingcr 1991, Gross et a1. 1993, L:mgv:lln and Hanley
1993, Willmhurst alld l:ryxdl 1995). Becall.,e ungulates
sdect foragl,' with high dige,tible energy and high
digestible protein (LlIlgvatn and Hanlcy 1993,
Willllshurst ;lJ1d Fryxell 19(5), these propl,'11ies arc lhe
rcJe\"alll llle:JSlJre of forage value of habitats at ;IIIY sp;ltial
scale (White ct ;11. 1975, White and Trudell 198011.11).
Thus. thc forage cllnency for ungulates is primarily ;l

function of digestibiJity of acceptable foods and is not
.,imply plant biomass or gros~ energy (Fryxcll 19(1).

The .,ource of protein for fetal growth comes almost
l.'xc!usively from !J{)dy protcin of female caribou entcring
willtcr (Gerhart et al. 1(96). Female., with high body
protcin in late willieI' produce lhe largest calves (Allaye
Chall 1(91). Early \waning of calves occurs when habital
conditions do not support a protein intake sufficiellt to
meet a minima! rate of body protein depo"ition: milk
synthesis then eeascs (Russel! ;lIld White 1(98). The
protein:cllergy ratio Ill' Ji)rage consunletl during !;Ictation
increases the Illi!k protein intake by calvcs {Chan,Md.cud
cl aLl99·J), the lllmt impllrtant milk llutrient affecting c;11f
growth r<!le at all calf ag('s (White 1(92).

Whell fnr;lgc biomass is low :ll calving, Porcupine
l.'arilJoll herd females might bc expectcd to usc
microhabitats of highcst biollla,s of accept,lble foods anti
tll seketthe most digcstible foragl,'s from within them. as
has been tlOClIlllCIl!l,'d for c;lribou of the Celllfal Arctic
/1I.'rd (Wllite el al. 1(75) :lIld the Weslern Arctic herd
(White aud Trudell 19.50!». This ch,lllgc illllle b:1Sis of
selection, from forage biomass to forage digestibilily,

conslitutes seale·d('pendcllt selection (d. Wiens 1989,
C)' Neil and King 1998). We pursued this issuc {)f scale
depcndency in hahitat selectlOll by the Porcupille caribou
lk'rd at thl' larger sC;lk.s of tlk' allnual calvillg gfOlinds and
concentrated calving areas.

Because the inability to meet laCl;ltion demands may
lower the pcrfomwl/({, (i.e., wcighl-gain. survi\':ll) of
calves, calving ground habitats lllay be iJllPOfI:Ult. They
Illay be important becau.'e they ean eOlltribllle
substantially to the female and calf protein bud3cts during
the calving seaSOll, when maternal pmtcin reserves can be
low (Gerhart el al. 1996, Chan,l\kLeod et a!. 1999).

Habitat Trends During the Study Period

The climate of thc ,·'retie has heen warming in both
~UlJlIller and winter during recent ckcades {Chapman and
Wal.~h 1993. Groislllan ~t al. 1904, J-loll£hwn et al. 1(95).
Temperature increases have been gre;ltcsl ill winter. Tile
warming lws been hetCf{lgeneous al,TOSS the Arctic
(Cllapnmn and Wahh 1993, Serrae 20(0), but was
evidclll in spring (Fig. 3.3/1) and wlntcr (Fig. 3.J/J)
temper;lIurcs within the Jlorthern par! of the annual rangl,'
of lhe Porcupine caribou herd.

An earlier greening ;lIld later Sl~ncsccnee of green
plant biomass in areas Jlorth of 4(}'N (~vIYJleni el al. 1907,
1998: Zhou et ;d.10(1) have heell detl,'cted with i\'DVl
anti associated with the w;lrrning trend. The earlicr
greening W:IS evi{kllllocaJly withill thc e.\lenl of calving
(Fi~, 3.2) of the Porcupine caribou herd in the form of an
increasing relative amount {lfgreen plant bioJllass on21
June (NDV IJl21. /~ ::: 0.50. !'::: 0.0(2) dming 1985-/999
lFig.3.4),

A \·('ry low value for NDVIJl21 was observt:d in
1992, lhe yC;lr that stratospheric ;lerosols from the 19() I
erujltion of l'Ilounl Pinatubo in the Philippines r('ached the
Arctic in .'pring (~lillnis et;ll. 1993). Both 20()1 and 2000
were substantial outliers (RStudent::: ,2..19, -1.86,
respecti\'elyJ frOJll tIle relatiollship betwcen NDVI_621
and year, 19'<\5'1999 (Fig. 3.4), Bot1l2001 ;md 2000 had
I.'xceptionaJJy 1;ltc sprill£s wilh high .'no\\"cowr al calving.
We do (11)[ yet kilO\\' ifll!esc l)utliers indic'ate a change in
the trend ohserwd during 1085-/999.

The :tn·ric Oxci!!arioll (r:ig. 3.5) i.\ celllered over the
high Arctic and is nne of a nUlll!ler of correJ;lIed indices
of largc'.,cak' atmospheric pressmc differell1iah (e.g.,
North ,\tl:lIltic Oscillation, Northern l-Iclllispherie :\nnular
!\lode) (Thompson and W;IJl:lce 199B, 20(1). The Aretil,·
o.'cillation is the heighl of the le\"el of one,half
at!llosphere of pre.\surc- above thc surface of thl~ l,'anh and
is weakly c\)rrel,lled with sllrf:lel,' lClllper:llllrCS
(Thompson and W;llJacc 19911). The Arctic O~citr;lIion h,l.\
a W;lrm po.,iti\·l' phase when surface prt:;;sur('s are low
:lnd warm North :\ll:ulIic water enters the Arclie Oc(':m,
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Figure 3.5. Standardized values of the Arctic Oscillation (AO) for
winter (January, February, March) and population size of the Porcupine
caribou herd, 1958-2001. Mean value indicated by solid horizontal line.
• PDO 'IS the Pacific Decadal Oscillation (Hare and Matuna, 2000).

and a coolnegalivc phase when surface pressures are
relatively high.

Initiation of increasing and decreasing trends in the
Arctic Oscillation has been coincidelll with phase shifts in
the Pacific Decadal Oscillation in 1977 :md 1989 (Hare
and l'.fatuna, 2000) (Fig. 3.5). Correlations between the
closely rehllcd North Atlantic Oscillation and a number of
vegetative and ungulate population characteristics have
been reported for Northern Europe (Post et al. 1997, Post
and Stenseth 1999).

Median annual NOVI at calving (NOVCcalving)
within the extent of calving of the Porcupine caribou herd
was positively correlated with the Arctic Oscillation from
the winter (january, February, l\-'larch) of the previous
t"aJclldar year (-15 month lag, r = 0.32, P = 0.011) (Fig.
3.6). 'nlis suggested that early forage availability for
lactating females was influenced by weather patterns on a
hemispheric scale.

Further, the suspected phase .~hift in the Arctic
Oscillation at the end of the 19HOs (Fig. 3.5) was
coincident with an increase in the frequency of daily
tellljJerature excursions above freezing in both the spring
(Fig. 3.711) and fall (Fig. 3.7h) on the transitional ranges
of the Porcupine caribou herd during the 1990s. There hns
bccn a decre-:lse in the depth and extent of snowcover in
Northwestern Canada ncar the willlering ground.~ of the
Porcupine caribou herd during this latter period as well
(Brown and Braaten 1998).

'I1ms, forage biomass during peak lactation demand
lNOVI~621) increased during the period of study, 1985
1999 (Fig. 3.4), and this positive trend was coincident
with snlllmer warming on the calving ground (Fig. 3.3a).
In addition, forage availability at calving (NDVI_calving)
has been positively cl}ffe]aled Wilh hemispheric-scale
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Figure 3.3. Mean temperatures for 2 stations within the Porcupine
caribou herd's aggregate extent of calving (Komakuk Beach and
Shingle Poinl, Yukon Terrilory, Canada) and 1stalion \\ilhin its winler
range (Old Crow, Yukon Territory) for al June, and b) winter (January,
February, March), 1950-1995.

Figure 3.4. Median Normalized Difference Vegetation Index (NOVI) on
21 June wilhin the aggregate extent of calving for the Porcupine
caribou herd, 1983-2001. Values for 2000 and 2001 were outliers
(RStudent =-2A9, -2.86, respectively) and excluded from the
displayed regression line, r ,= OA96, P=0.002.
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Figure 3.7. Frequency 01 days wilh daytime tempera lures abol'c
freezing 'rn c1) spring (21 March - 30 April) and b) fall (21 September
20 October) on Iransitionat ranges of the Porcupine caribou herd
during lhe herd increase phase, 1970-1988. and the herd decrease
phase, 1989·1 99a. Brackets indicate 95% con~dence intervals on
mean values.

Figure 3.B. Population size of Ihe Porcupine caribou herd. 1972·2001,
estimaled from aerial photo-censuses by the Alaska Depar1ment of
Fish and Game.
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Figure 3.6. Mediarl Normalized Difference Vegetalion Irldex at calving
(NDVI_calving) wilhin the aggregale extent of calving (Ee) of the
Porcupine caribou herd for the currenl year, and winter Arctic
Oscillation index (AO, January. February, March) for the previous
calendar rear, 1985-2001,

The growth CLlI"\'~ of the Porcllpin~ caribou lll'rd
suggtslcd an approxima1~ 30- to -'to-year cycle ,If
inCfl'ase and decrease in ahundance (Fig. 3.8), Tht herd
Ilulllhereu-IOO.OOO ill 1972. incrcased:l! about .l.l)'} per
ycar from 1{]79lhrough 1989 when it reached -In.noO
:Ulimals. lhen declined at aboul 3.6(} per y~ar from 19l'\{]
tn llJ98 (Fig. 3))). The decline from 1998 to 2001 was
onlyabollt 1.5',:, per yt'ar, aud the Ill'rd no\\' totals
-In.on :lIlilllals.lfthe current dtdin~ continues.lhe
herd \\"ould be expected to again reach lhe lo\\"\.'.';t levels
evcr record\.'d dUfing 200)"2010. If the herd continues l(l

(Ieclinc below -100.000 animals, thcn tlle lenglh of a
complelc Ill'rd cyde flIay cxcccd 30 Yl';JfS.

Herd Dynamics and Demography

·1', ·'0 ·DO 00 O~ 10 T5 ~O ;,~ 30

AO Index (JFM) - Previous Year

atlllospl1l'ric L'onditiolls (fig. 3.6). Courlterilctlng tht.
positive trend in forage abundance during peak bct:llioll
has htcn a tendcncy IOwaI'd Illore fr~~ze-tha\\' cyclcs on
spring and fall tr:lJ1~ilional ral1g~~ of thc Porcupinc
c<Jriholl h~rd (Fig. 3.7d,b) coincidcllt with a suspectcd
phase shift in the Arctic Oscillation.

These freeze-thaw cyd~~ Ol! Ir:lnsiliOllal and winter
ranges mily have inlluellced .\now properties. rcduccd acce%
10 forage. increased Irave! co.';t,.;, and/or deueased lhe ability
(If carihou 10 cscape their pr-:Jmors. Th-:s~ climate
inlluenccu c()I1ditions on transitional/winter r:lngl:s m:ly have
contrihUlnllO thl: decline in size of the PorL'lJpin~ caribou
lwrd (Fig. 3.5) in spite or f<lvor;tbl t conditions on the cal ving
ground. Local and largc"scale cIimale patterns as well as
cat:lstrophic events in Ihc Southern Hemisphere (e.g ..
eruption of 1\1011rH Pinatubo) apparently hav\.' had major
intlucncc.\ on Porcupinc caribou herd habita1s uuring lhe
period of study anu h;lve set the st:tgc for all o!lscrvations
of Porcupinc caribou llcru distribution :Ind dcm(lgraphk
ProCl'.~SCS during the past 2 uecades.
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Porcupine c3ribou herd size appeared correlated with
Arctic Oscillation nlthough there were too few data 10
conduct a proper time series ilnalysis (Fig. 3.5). In
contrast to the Porcupine caribou herd, DIller Alaska
barren-ground caribou herds (Westem Arctic, Tcshckpuk
Lafrc, Central Arctic), generally continued 10 increase
during the downward trend ill the Arctic Oscillatiolllhat
was evident during lhe 1990" (Fig. 3.5),

Capacilyfor growth (defined as tlIe Illaximum realized
lung-Icnn growth rate) of the Porcupine cariboll herd
appeared subslalllially less than for oIlIer Alaska herds.
Capacity for gn)wth ,\lllong herds of dranwtically
different sizes is best visualized by plolting rc!atj\'c herd
si;tes (Fig. 3.9). r.'!aximulll long-term growth rate (-4.9 t.'O,
assumed linear, 1979-1989) (Fig. 3.8) of the Porcupine
caribou hcrd was nevcr morc than about half tlle rate
observed for other Alaska barrcn-grollnd caribou herds
[Westcrn Arctic herd (1976-1996. -9.5%), Teshekpuk
Lake herd (1978-1993, -13%), Central Arctic herd (1978
1992, -10.3%)1 (Fig. 3.9).

The Porcupine caribou herd was the first AI:lska
barren-ground c:lribou herd co begin and maintain a
prolonged decline in the last 2 dec:ldes (Fig. 3.9). Annual
survival of Porcupine caribou herd adult females was only
about 34% (Fancy et al. 1994, Walsh et al. 1995), which
W:IS lower than lhat generally observed in other c:\ribou
herds (BergenJd 19S0);and adult female survival may
have been respollsible for the relatively low growth rate
of the Porcupine caribou herd.

Annual calf survival averaged ahOllt 48'7;' with about
half (56'70 of the annual 1lI0nalil)' occurring on the
calving ground (Whitten et:ll. 1992, Fancy et al. 1994,
Walsh et al. JlJ95).

There werc no significant differcnces inmcan
panurition, calf survival during Junc, or nel nllf
production (defined as the produc{ (l( panurition rate and
June calf survival) (Fig. 3. lOa-c) bctwcenthc increase.
and decreasc phases of the herd (Fig. 3.8). Panurition rate
aver.lged 0.81 (range 0.71·0.92) during 1983·2001 (Fig.
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FIgure 3.9. Relative post·calving herd sizes (minimum observed =
1.0) of the 4 Alas~a barren·ground caribou herds (PCH =Porcupine
caribou herd; WAH:: Western Arclic herd; CAH :: Cenlral Arctic herd;
TlH =Teshekpuk lake herd), 1976-2001. Maximum observed
populalion size for each herd is noled in [he legend.

Figure 3.10. ReproduClivEl eslimates for [he Porcupine caribou herd,
1983-2001: a) parturition rale of adull females, b) calf survival from
birth through Ihe last week of June, and c} net calfproduction (the
product or parturition rate and calf survival].
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3.lOa) and did not differ between the increase plH'lse
(0.80, SE =0.04, 1983-1989) and the decrease phase
(0.82. SE = 0.08.1990-2001).

Calf survival during June was quite high and aver;lged
0.75 (range 0.57-0.94) during 1983-2001 (Fig. 3. lOb) but
did not differ between the. increase phase (0.71, SE =
(J.07, 1983-1989) and the decrease phase (0.79, SE =
0.13, 1990-2001). Net calf production averaged 0.62
during 1983-2001 (range 0.50-0.82) (Fig. 3.lOc) and did
110t differ between the increase phase (0.58, SE = 0.06,
1983-1989) and the decrease phase (0.63, SE::: 0.13,
1990-2001). For all these demographic characteristics,
variance tended to be greater during the decrease than
during the increase phase of the herd.

Because average parturition, calf survival during June,
and net calf production did not differ between the
increase and decrease phases of the Porcupine caribou
herd, 1983·2001, a reduction in adult, sub-adult, and/or
calf survival while animals were off the calving ground in
late-summer through winter must have accompanied the
herd decline. Emigration to the adjacent Central Arctic
herd was an unlikely cause of the Porcupine caribou herd
decline bec3use satellite-collared animals that
occasionally (4 OUI of 167 coIl3r-years) wintered with the
Centr31 Arctic herd, returned to the Porcupine caribou
herd the following summer.

Periodic lows in net calf production ami calf survival
during June 0992,1993,1997; Figs. 3. lOb, c) were no!
sufficient to maintain the herd declinc (5. A. Arthur,
Alaska Department of Fish 3nd Game, personal
cOllllllunication). LJnfortu1l3tely, a complete record of
'ldult, sub-adult, and calf survival estimates was not
:lv3ilable for late-summer through winter during the
decrease phase of the herd, 1989-2001.

Seasonal Distribution and Movements

The Porcupine caribou herd caribou winterl:d (15
Novemba ~ 1·1 April) in Alaska south of the Brooks
Hallge and in Callad3 in tlle Richardson and Ogilvie
~'lountalns in the Yukon Territory (Fig. 3.11). Their
annual range enwll1passcd -290,000 klll" (Fig. 3.2). lllC
e;o;tent of calving encl)l1lpassed -36,(}{)0 km". Spring
migration to the anlluOlI calving grounds began in mid
April and continued through April and ~lay (Fig. 3.11).
Return to fall/winter ranges began with departure from
the annual calving grounds in late-June and early-July
(Fig. 3.11). In fall (15 Scptember-14 Nm·ember). the
Porcupine cnriboll herd was distributed widely.

r...lininlllm daily travel rates of parturient females were
variable throughout the year (Fig. 3.12). Non-parturient
females had similar movemcnt rates. ~linirnull1 movement
occurred during winter. I\fovement began increasing in
mid-April with initiation of migrmion 10 the annual

c31ving ground and was directional toward the annual
calving ground.

After their calves were born, the direction of
movement of satellite-collared parturient females was
random for 20 days (Fancy and Whinen 1991). Calf
lHovement rate (minimum, stmightline, estimated from
conventional radio-collars) in the ye3rs 1992-1994 was
about 2.5 km/day during the first week after birth. The
f3te incrcased gradually during the next wcek to nbout 5
kill/day and then inere;lsed through the cnd of June 10
approxinl3tely 15·20 km/day. As fellwles 3nd calves
departed the c31ving ground in late June and early July,
some individual calves traveled as much as 90 km/day.
Helativcly high rate of movement continued throughout
July. Because movement rates were low during the
calving season and directioll of movement was random
for 20 days after birth (Fancy and Whitten 1(91), the
distribution of c<llving sites was assumed to be
representative of habiwt usc by caribou through 21 Jtlne.

Movement declined during August perhaps in
response to harassment by Oestrid flies or to localized
foragc abundance. 1'.fovelllcnt increased during the pre-mt
period in late-September and Octobt.:r and then rcached a
minimum again by mid-November. TIle average female of
the Porcupine caribou herd traveled approximately 4,355
km aillUlally (Fancy et al. 1989).

During 1985-1992. median arrival of satellite-collared
parturient females on the allnual c31ving ground ranged
from 17 MayA Junc and median date of departure ranged
from 3-26 July. Non-parturient females tended to lag
slightly behind and south of the parturient females from
early-May through calving (Whitten et 31. 1(92), bllt
within I week aftcr calving, paI1mient :Illd nOli-parturient
female distributions were essentially coincident.

Lcngth of stay on the annual calving ground ranged
from 34-67 days. Caribou have tended to depart the
annual calving grounds earlier since 1995 (F. J. Maller,
U.S. Fish and Wildlife Service, personal comlllulliemion).
This trend lllay have been relnted to Illore advanced plant
phcnology within the e;o;tent of calving in late June during
the late 1990s (Fig. 3.4).

!',.·ledian calving date, 1983-1996. was I June (range 30
May-6 June) with 50S;' of ;Iflllual calving occurring within
2 days of the annualmedlan calving dale. No temporal
trends were cvident in median calving date, and annual
calf survival was not related to mcdian calving date (P >
0.1)5).

Sizes and locations of annual calving distributions
were quite variable. Annual calving grounds encompassed
.1,(j72-1(j,667 kl11~ during 1983-2001 (Fig. 3.13, Table
J.l). Similar distributions were observed during acrial
surveys. 1972-1982 (Figs. 11-5 ill Clough et ai. 1(87). On
average, concentratcd c<llving area.~ occupied 12.3'.';'
(range 0.7-25'7(0) of the annllal (alving grounds (255-
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Figure 3.11. Distribution of satellite-collared female caribou of the Porcupine caribou herd during 7 time periods,
1985·1995. An average of 10 animals (range 4-17) were collared each year yielding 14,447 observations; 87% of
these Observations were obtained 1985-1990. Not included were the locations 013 females that each spent one
winler with the adjacent Cenlral Arctic herd.
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2,548 km2) and contained 471,:;' (range 29-6) %) of calving
locations.

There was no concentrated calving area in 2001 when
the spring was very late and the eXlent of calving was
almost completely snow covered. Density of pal1urient
females in the concentrated calving area ranged
approximately 13-106/km' over the years and averaged 7
limes (range 3.7-10.8) higher than outside the
concentrated calving area each year (Table 3.1). None of
lhese estimates differed between the increase and
decrease phases of the herd (P > 0.05). Since 1972, there
have been only 2 ye::lfS (2000, 2001) when all calving
occurred in Canada and I addition::!1 year (1982) when all
concentrated cal\'ing occurred in Canada.

Neither the areas of annual calving grounds nor areas
of concentrated calving areas were correlated (P > 0.05)
with the number of calving sites, with the estimMed
number of parturient females ill the herd, with the ~rcelll

of the extent of calving that was snow free, or with any
greenness (NDVI) estimate in either the extent of calving
or the annual calving grounds. Thus, neither herd size nor
habit;lI charactcristic.~ were clearly related to calving
ground si7.e. Factors affecting calving ground sil.c remain
unclear.

Distribution of calving sites differed (MRPP, P < 0.05)
among all sllccessive years, 1983-2001, except 1983-1984
when the number of calving sites obtained from radio
collared females was lowest and 2000-2001 when late
springs restricted calving to Canada (Table 3.1). TIlere
was no uni·directional trend to shifts in location of annual
calving grounds or cOllcentnlled calving areas (Rayleigh's
Tcst, P = 0.870 and 0.740, r~spectively). During 1983~

1994, panurient females displayed no among-year fidelity
to the concentrated calving area (P = 0.951) nor any
habitat attribute for calving (P > 0.135), bllt females that
calved in the 1002 Area returned there for calving in the
following year morc often than expected (P =0.024).

The percent of femalcs calving in the 1002 Area in the
years 1983-2001 was quite variable, averaging 43%
(range 0-92%) bUI not differing (P =0.128) bctween the
decre,lse (50%, SE = 32%) and the increase phase (JO%,
SE = 23%) of the herd (Fig. 3.14). The proportion of the
concentrated calving area tlwt was in the 1002 Arl~a

followed a similar trend. As the relativc amount of grccn
biomass at calving within the extcnt of calving
(NDVI_calving) increased beCall.~C of earlicr springs. thc
percent of fcmales calving in the 1002 Arca increased (r

= 0.68, P < 0.001) (Fig. 3.15). Tlms. the averagc
proponion of Porcupinc caribou herd females thai calve
in the 1002 Area lllay increase if thc climate conti niles 10

warm.
'nlC general location of calving in the years 1983-200j

was related to the wintcr Arctic Oscillalion (January,
Fcbmary, tvl ",lrch) during previolls calendar year,
aJ1pr(),~illlately 15 months bdore calving. In years when

Jun Jul Au,) S<Ip OCt I~,,", Doc

Dale

Flguro 3.12, Minimum median daily movement rate of panurient
satellite-colJared females of the Porcupine caribou herd, 1985-1995.
Values calcula1ed from no more than one location per day. An average
of 10 animats (range 4-17) were collared each year yielding 14,447
observations; 87% of lhese observations were obtained 1985-1990.
Not included are the data for 3 females that each spent one winter ....ilh
the adjacent Central Arctic herd.

thc Arctic Oscillation was positive, more than half of the
concentrated calving area was likely 10 be located on the
Ala.~ka portion of the coasl;ll plain (83.3% of the years,
Fisher's Exact Test, P = 0.045). Similarly, there was a
tendency (66.7% of years, Fisher's Exact Test, P = 0.057)
for more than half the females to calve in the 1002 Area
when Ille Arctic Oscillation in the previous calendar
winter was positive.

TI1C time delay in correlation between the Arctic
Oscillation and calving location and between Ihe Arctic
Oscillation and NDVLcalving (Fig, 3.6) Illay have been
related to a I-year delay between tiller fonllation and
flowcr production for EriopllOrum l'agil1l1twn
(collongrass) (Billings and Mooney 1968, Bliss 1971).
Imlllature cotlongrass flowers havc been a dominant food
itcm for Porcupine caribou herd when they have calved
oillhe Arctic Refuge coastal plain. Cottollgrass tiller
formation is prob;lbly related to the availability of
resources (moisl\lre and soil nlllrienls).

Positive phases of the Arctic Oscillation lila)' havc
enhanced rcsnurce availability, incrCilsed tiller production
in the previolls year, and resulted in increased flower
production during the CUlTent spring. We would expect
Ihat thc incre;l.~cd greenness at calving (NDV13alving)
might rellect le<lf ;\rea of cotlollgrass tillers, rather than
the pale grecn immature llowers.

During post-calving (>3 weeks after calf binh).
Porcupine herd cariboll (reganlless of calving location)
tended to move westward (fig. 3.11). Even in exceptional
years when calving Ol:currec! far to the e;lst in Canada
(e.g., 2000, 2(01) (Fig. 3.13) caribou reached lhe Arctic
Refuge coastal plain and portions of the 1002 Area by
late-June or July (S. :\. Arthur...\laska DL'panmellt of Fish
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Figure 3.13, Calving dislributions of the Porcupine caribou herd, 1983-2001, as eslimated from fixed kernel analyses of lhe sites where radio·
collared femates were firsl observed with calves during repeated aerial surveys in May and June, There are 3 zones: 1) concentraled calving area
(shO'Nn in dark gray), the conlour enclosing calVing sitos with greater lhan average fixed kernel densily, 2) annual CiJlving ground (medium gray),
the 99% fixed kernel ulilizalion dislribution for ayear, and 3) aggregate exlent of calving (light gray), the ouler perimeter of all annual calving
grounds, No concenlrated calving was detecled in 2001.
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Tabla 3.1. Number of calving sites, number of calving sites in the concentrated calving area (CCA), area (km1) of CCA, area (km l
) of annual

calving ground (ACG), ralio of sizes of CCA to ACG, population size of the Porcupine caribou herd, percent of radio-collared female caribou that
calved in the CCA, percent of radio-collared female caribou that calved in the 1002 Area, percent of the CCA within the 1002 Area, and percent of
the ACG wilhin the 1002 Area, 1983-2001, Alaska, USA, and Yukon Terrilory, Canada.

CalVing Sitos In CCA ACG Ralio Population %females %Iemales %CCA %ACG
Year SHes CCA Area Area CCA/ACG Sizo (K) InCCA In 1002 In 1002 In 1002

1983 18 11 2,584 10,064 0.25 135 55.6 61.1 62.4 42.8

1984 18 11 839 6,599 0.13 61.1 33.3 19.8 39.2

1985 34 16 1,585 10,784 0.15 47.1 55.9 69.2 36.8

1986 20 8 419 5,432 0.08 40.0 10.0 28.8 8.4

1987 36 15 479 6,048 0.08 165 44.4 13.9 14.2 15.7

1988 61 24 267 3,823 0.07 39.3 1.6 0.0 5.9

1989 51 15 255 3,872 0.07 178 29.4 33.3 59.3 30.1

1900 53 22 1,167 8,379 0.14 39.6 69.8 100.0 47.2

1991 43 21 731 5,767 0.13 48.8 88.4 92.5 68.6

1992 43 18 2.174 16,667 0.13 157 41.9 41.9 79.1 22.5

1993 35 18 1,401 9,098 0.15 51.4 57.1 70.2 40.3

1994 79 33 814 6,602 0.12 152 41.8 84.6 n.3 54.8

1995 60 31 827 5,141 0.16 51.7 91.7 100.0 71.2

1996 65 30 1,354 9,453 0.14 46.2 53.8 90.6 33.•
1997 29 15 530 5.661 0.09 51.7 31.0 33.7 31.8

1998 39 20 789 6,316 0.12 128 51.3 84.6 93.4 73.1

1999 20 • 601 7,820 0.08 45.0 20.0 9.3 30.4
2000 22 13 791 8,541 0.12 59.1 0.0 0.0 0.0

2001 41 a 10,602 123 0.0 0.0

average 40 18 976 7,604 0.12 148 47.0 42.7 55.5 34.3
minimum 18 8 255 3,872 0.07 123 29.4 0.0 0.0 0.0

maximum 79 33 2,548 16,667 0.25 178 61.1 91.7 100.0 73.1-

SE 18 7 630 3,060 0.04 20 7.8 30.1 35.9 22.5

a No concentraled calving was detected in 2001 .

0.00 0,05 0,10 0.15 0.20 025 0,30
NDVLcalving - Extent of Calving

0.35

Figure 3.14. Percent of radio·collared Porcupine caribou herd females
that calved in the 1002 Area of the Arctic National Wildlife Refuge,
Alaska, 1983-2001.

Figure 3.15. Pelcent of radio·collared Porcupine caribou herd females
thai calved withill the 1002 Area of the Arctic National Wildlife Refuge,
Alaska, in relalion to the median Normalized Difference Vegelation
Index at catvillg (NDVI_calving) ',~i!hillthe aggregate eXlent of calving,
1985·2001. Point legends indicale tM year of the estimates.
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and Game, personal communication). As a result of these
westward movements, essentially lhe entire 1002 Area
was eventually used by late June or early July. ~Iost of
the usc of the weslernmost portion of the 1002 Area by
satellite-collared females of the Porcupine caribou herd
occurred during 24 Jllne-14 August (Fig. 3. I I).

Foraging on the Calving Ground

The calving season diet of Porcupine herd c;lribou
during 1993-1994, when concentrated calving was
primarily in the 1002 Area (Fig. 3.13), W;lS dominated
(76-82''J-o) by immature flowers of cOllongrass from Ihe
time the caribou arrived on the calving ground until about
16-18 June (Figs. 3.16a, 3.170). Similar diets were
observed in 1973 (Thompson and l",kCOllrt 1981), but the
]oc<llion of concentrated calving in that ycar was not
documcnted (Clough ct al. 1987).

Diet was relatively consistent betwcen years, but
somewhat more variable in 1994, and not related to
avcmgc daily weight-gain of calves in 1993 and 1994.
Both couongrass flowers and young willow (Salix spp.)
leaves arc easily digestible and arc COllllllon forage of
upland calving caribou when they arc aV<lilable (e.g.,

-)
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.....~ Coltongrass - ...~ Willow

Figure 3.16. Porcupine caribou herd <1) diel composition and b)
median phenology 01 major forage ilems. 1993. Diel composition
estimated from microhistological analj'sis of lecal pellets, corrected for
digestibility. Phenology scores lor collongrass: 1=leaves only, 2 =
flowers in boot. 3 =early flower, 4=full flo'....er; and for willow: 1=
dormant, 2:: bud swelling, 3 =ieaf unfOlding, 4:: fuillenf.
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Thompson and l\kCourt 19H I, Kurop:!1 1984, Russell ct
al.1993). Cotlongrass flowers wcre most common in the
veget<llion type herhaccolls tllssock tundra, and willow
was most common in shrub tussock tundra and rip<lTian
shnlb vegel<ltion types (Jorgenscn ct al. 1994).
Herbaceous planl.~ were ubiquitous.

Dictary ~hins within the 1993 and 1994 c<llving
seaSO/1S apparently allowed caribou 10 increa~e nutrient
concentration in their diet <IS the season progressed. By
mid-JUlie, 1993-1994, as coUongrass nowers matured, the
lcu\'es of willows unfolded (Figs. 3.16h, 3.17[,). lllen,
within about·1 day.~ (Fig.~. 3.1611, 3.17(1), caribou diet
shifted to an apprOXimate 50:50 mix of willow and
herbaccl)us plants.

The dict ~hift resulted in an increase of dietary
nitrogen concentration (from Yi; \l) 401:) and a decrease in
Nelllr:ll Detergcnt Fiber (NDF) conccntration (from 57%
to 2iS,) b:lsed 011 nUlritiollal analy~cs of coltnngrass and
willow of appropri:lte phenological ~tages frolll the
calving ground. Availahk biollla~sof willow likdy
exceeded the billl1la~~ of cot!()ngrass tlowers during the
diet shift and tllereafter.

Figure 3.17. Porcupine caribou herd a) diet composition and b)
median phenology of major forage items, 1994. Diet composition
estimated from microhis!olOjJical analysis of fecal pellets, corrected for
digestibility. Phenology scores for cottongrass: 1 =leaves only, 2 =
nowers in boot, 3 =early flower, 4=lull nower; and, for willow: 1 =
dormant 2 = bud swelling. 3 = leaf unfolding, 4 =fuli leaf.
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Caribou maintained the willow and herbaceous diet
until they depaned the calving ground near the cnd of
Junc. Because climate warming and earlier gn::cning Illay
increase the carbon:nilIogcn ratios of individual forage
species and reduce their quality on fixed dates (Walsh CI

al. 1997), rapid shifting among forage species lllay allow
caribou 10 accommodate lime-specific reduction ill
nutritional quality of individual plant species that
accompanies climate warming.

Diet of Porcupine herd caribou was substantially
different when they used the Canadian portioll of the
extent of calving than when they used the Arctic Refuge
coastal plain and the 1002 Area. Rcgardli:ss of timing of
snowmelt in Canada, calving did there was dominated by
mosses ;lnd evergreen shrubs (58.4-73.5%, Russell et al.
1993). These forage groups were much less digcstible
Ihan the iillmalllfe cottongrass llowers and willows
(Russell et al. 1993) that dominated the calving diet of the
Porcupine caribou herd in 1993 and 1994. This implied
Ihal diet quality during calving was reduced when the
Porcupine caribou herd IIsed the Canadian portion of the
extent of calving rather than the Arctic Refuge coastal
plain and the 1002 Arc;\.

Habitat Selection

Habitat sekctioTllllay be assessed at sever;ll orders
(Johnson 1980); selection at each order implies
disproportionatc usc of sOllie component(s) of the hahitats
that arc available. For migratory barren-ground caribou,
selection orders might be defined as follows frolll highest
to lowest order:

First Order -thc specics distribution on earth.
Second Order - area usc by herds within thc species

range.
Thin! Order - annual range use within herd ranges.
Fourth Order - se;lsonal range usc within annual ranges

of herds.
Fifth Order - annual use within the aggregate extent of a

seasonal range.
Sixth Order - annual concentrated u.->e within:UJ annu:Il

seasonal range.
Severllh Ordcr - patch use within a conct.'ntratcd LISt.' arca.
Eighth Order - pbnt specks usc within habitat patches.
Ninth Order - plallt part usc withilfplant spccies.

Higher ordcr selectioll may nmstrain thl~ choices at
lowcr orders (Johnson 19S0.J. Thc basi.~ of sclcctioll may
or may llot be eOllsisll'nt among orders and, when the
basis of selection changes among Mders, hahitat selcction
is considered to hc scak-dependcllt (O'Neil :JIld King
1998). In this work, we assessed habiWl selection at fifth
and sixth Mders as defined aboV<.'. l\luch discussion h;l.~

(oclI:',Ctl on fOllrth t}f(!L~r sclcclion (d. llergcrud alld Page

1987; Fr)'xell 1991, 1995), but analysis of selection at the
founh order for the Porcupine caribou herd was beyond
the scope of this repon.

For the purposes of the m;ltcrialthat follows, we
define fifth order selection as the comparison of use
within the annual calving grounds (ACG) to availability
in tlle extent of calving (EC), written as ACGIEC
(hereafler called cail,jllg grow/(f sdcclion). We define
xi-t'th order sekctioll as the comparison of use within
anllunl concentrated c:llving arcas (CCA) to habitat
availability within the annual calving grounds (CCM
ACG, hercafter called cOIlCt'lJlraled cah,jllg seleclion).

Because Ihac was spatial dependency alllong habitats
(vegetation, NOVI estimates, snoweover; all inventoried
from the same I-km' pixels) we present Ihe results for
each habitat attribute separately. Selection was assesst.'d
by comparing mean usc/availability ratios among years
with the null use/avail:lbility r<ltio of 1.0.

Habitat conditions within the extent of calving have
been variable during 1985-2001. There was substantial
snowcover throughout the extent of calving in 1986,
2000, and 2001, but greening was early inl990, 1994,
1995, and 1998 (Fig. 3.18).

TIlere was scale dependency in habitat selection by the
Porcupinc caribou herd during c<llving. Parturient females
sclected :lJlIIual calving grounds with proponionately
greater area of high (>median) rate of greening
(NOVLrate, 1.33x, p:::: 0.005) (Fig. 3.190) and
proportionately less arca with high forage biomass both at
calving (NOVLcalving, 0.6Ox, I' < 0.001) (Fig. 3.19b)
and during peak lactation (NDVL621, O.70x, p:::: 0.002)
(Fig. 3.19c) than available in the extent of calving.

Panuricnt females also selected annual calving
grounds with proponionatcly more area in the 26-50%
(1.76x, 1':::: OliO!) and 51-75% (l.71x, p:::: O.008)
SllOWt:over classes and proportionately less area in the 0
25t;~. (0.84x, P :::: o.onS) snowcovcr cbss than avail;lble in
the extent nf calving (fig. 3.20).

Analysis of vcgetation types in aJHltJal calving grounds
showed that parturient females selected wet sedge (I.42x,
p", 0.004), herbaceous tussock tundra (1.42x, P < D.OOI),
and riparian (1.37x, P < 0.000 \'cgctation types, avoided
the alpine vegetatioll typc (0.60x, P < (lOOl), antI did not
respond (I' > 0.(5) to the shmb tussock tundra or moist
sedge vcgetation typcs (Fig. 3.21).

In cOlltrast. at the next Iowa selection order (shth),
p:lTturient fcmales of !lIe POTl::upine caribou herd selected
concentrated calving areas with proportionately gn::alt::r
area of high roragt:: biomass bolh at calving
(NDVI3alving, 2.35x, l' < 0.0(1) (Fig. 3.19b) and during
peak lactation demand (NOVL621, 2.59x, P < 0.001)
(Fig 3.19c) thall available in the annual (,alving grounds.
Tht.' females were non-selective (I' > 0.05) for rate of
gret::uing (NDVI_r:lte) (Fig. 3.19a) and all SllllWcovcr
cbsse,~ (Fig. 3.20), selecled herbaceous tllssock tllmlra
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Cloud

Figure 3.18. Annual condilions of snowcover and vegelatiorl phenology derived from Advanced Very High Resolution Radiomeler (AVHRR)
satellite imagery during the calving period (30 May· 5 June), 1985·2001, for the Porcupirle caribou herd. No concentrated calving was detected in
2001.
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(1.68x, P =: 0.001), avoided alpinc vcgetation (O.34x, P <
0.001), and werc non-responsive (P > 0.18) to the
remaining vcgctation types (Fig. 3.2]).

Although selection of vegctationlypes was scalc
independcllt, therc was scale depcndency in thc selection
of foragc quantity (NDVCcalving, NDVI_62I) and
quality (NDVCmtc). Parturient Porcupinc caribou hcrd
females selected annual calving grounds with a hjgh
proportion of easily digestible forage (NDVIJate), then
selected I:oncenlrated calving areas with relatively high
plant biomass atl:alving (NDVI_calving) and on 21 June
(NDVI_621).

Thc basis of habit,1l selection shifted from forage
quality to forage quantity bctween the fifth (ACG/EC)
and sixth (CCMACG) ordcrs. 'llle work of White et <II.
(1975) and White ,lIld Tmdell (19801J) ,It the levels of
microhabitats (-seventh order, selection for biomass) and
plant spccies withinlllicrohabitats (-eighth order,
selection for digestibility) suggests that the basis of
selection continues to be dynamic ,lcross sliccessively
smaller scaks.

For<lgc quality appears to be the ba;;is of selection at
both relmively large (fifth order) and reblively small
(eighth order) scales. Forage quantity appears to be the
b:l.~is of selection at interllledi:lh.~ scale.~ of analysis within
thi, range. Specification of the .'iC'11e of analysis is critical
to developing an understanding of the basis of f()rage
selectioll by ungulatcs, and Porcupine herd caribou
demoll':;tratcd a variable functl(mal response In foragc
(NDVl estim;Hcs) within thl' C.\!l'lll of calving.

Figure 3.20. Average percent of area in 4 exclusive snowcover
classes for the aggregate extent of calving, annual calving grounds,
and concentrated calving areas of the Porcupine caribou herd, 1985
2001. Statistically significant selection or avoidance (P < 0.05, overall
experiment) in comparison with the calegory to the left is indicated by
'to or '." above the bars. For example. female caribou on the annual
calving ground avoided areas of 0-25% snowcover and selected areas
of 26-50% and 51-75% snowcover when compared with availability in
the aggregate extent of calving. No significant selection of any
snowcover class was detected for the concentrated calving area when
compared with availability in the annual calving ground.
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Figura 3.19. Average percenl of area in low « median} or high (>

median) classes of a) daily rale of increase in lhe Nomlalized
DiffereflC€ Vegetation Index (NDVUate) b) NOV) at calving
{NDVCca!ving}, and c} NOVI on 21 June (NDVI_621) for the aggregate
extent of calving, annual calving grounds. and concentrated calVing
areas of lhe Porcupine caribou herd, Alaska. 1985·2001. Statistically
s"lgnificanl selection or avoidance (P < 0.05, overall experiment) in
comparison with the category to the lell is indicated by 'to or'-' above
the bars. For example, female caribou on the annual calving ground
avoided low NDVUate and selected high NDVUate in comparison
\'.ilh availability in the aggregate extent of calVing. No significant
selection of NDVUate for the concentrated calving area when
compared w;,th the annual calving ground was detected.

lE----" h1llh-
r~DVI_c'M~~ CI•••
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Figure 3,21. Average percent of area in 6 vetetation types for the
aggregate extent of calving, annual calying grounds, and concentrated
calving areas of the Porcupine caribou herd, 1985-2001. Vegetation
types: Wsedge::: wet sedge; Msedge::: moist sedge; HerbTT:::
herbaceous tussock tundra; ShrubTT::: shrub tussock tundra. Alpine.
and Riparian. Statistically significant selection or avoidance (P < 0.05,
overall experiment) in comparison ....'ith the category to the left is
indicated by "+. or·o • above the bars. For example. the female caribou
on the annual calving ground avoided the Alpine vegetation type and
selected the HeroTT vegetation type when compared with ayailability
in the aggregate extent of calving. and on the concentrated calYing
area the caribou showed similar selection when compared v.1lh
availability in the annual calving ground.

lllcrc were no clear difference~ in pallerns of
selection of any types of h:lbitat~ between the incre:lse
and decrease phases of the herd. 11lis observation is
tempered by tlle fact that habitat selection was assessed
for only the l:lst5 years (1985-1989) of the iJlcrc:l.~e

phase, but has bC!:1l nssessed for nlll2 years oftlle
current decline (1990-2001).

111e shifting location of annual calving grounds within
the ex lent uf calving was apparently a functionnl respouse
to :lllllually variable landscape pallerns in the qualllity of
easily digestible forage (NDVCrate). The location of
cOllcentrated calving areas within annual calving grounds
was an appnrent function;11 rcsJlonse !O forage biomass
(NDVLcalving, NDVI_621).

lllis functional response to h;lbitals allowed
Porcupine. caribou herd fcmales to allain suhstantial
intakes of nitrogen (Fig. 3.22) based 011 estilll;\ted diet
composition (Figs. 3.16(1, 3.170), estimated nitrogen
content of consumed forages, and consumption rates
presemel! by White ct ;11 (1975), White and Truddl
(19801/./1), and Trudell and While (1981). -lllUS, Ihe
Porcupine caribou herd calving ground was clcarly
important to the ;\nnllal nitrogL~1l budge! of I;lctaling
rcmales and was likely important 10 the annual energy
budge!.

The :ldjacent Central Arctic herd obtained only about
olle-quarter as llluch dict;lry nilrogen from its calving

o lcc'-_-c:-L_; l L '-_L__~-'-
CIlnlrnl Arctic POlcupino Bolhursl Goorgo Rivor

Caribou Herd

Figure 3.22. Estimated 10tal intake of dielary niltogen (9) from !he
calving ground (25 May - 14 June) for 4North American caribou herds.
Forage composition of diet and nutritional composilion of forages were
estimated from locally collected samples. Intake tales were estimated
Itom White el al. (1975).

ground as did the Porcupine caribou herd (Fig. 3.22). It is
likely that the proportion of the annual nitrogen budget
obtained from a cah'in£ ground is positively correlated
witll the relative value of the calving ground to tIle
nutrition of a herd wilhin its annual range.

Effects of Insect Harassment on Habitat Use

1\-10s(]uitoes (Cllcu/ida~') and flies of thl': family
Oestridae arc known to harass carihou. although
h;uasslIlent by Oestrid flies Illny OCCllr primarily after
Porcupine herd caribou leave the calving ground.
Lactating females that are disturbed by insects may
experience a negativc energy balance due to increascd
movelllent rates when trying 10 escape harassment by
insects (White et :d. 1975. RlISseli et al. 1993). When
harassment causes lactating felllnlcs to substantia.lly
reduce foraging time, calf growth lIlay be reduced (Helle
and Tarvainen 1984, Fancy and White 1987, Russell et al.
1993).

During wann and calm days (mean temperature> IJoe
and mean wind speed <6m/sec) when conditions were
sllch that caribou were likely harassl'd by illsect~ (Nixon
19(0), Porcupine herd caril)()u prefcm~d dry prostrate
shrub vegclation types on ridgc tops in the fOOlhills and
1ll0lHIlains of the Brooks Range, clcv:lled siles on the
coastal plain, and areas adj:lcent 10 the Beaufort Sea
C(Ja.~t, apparently lO gain relicf frolll f]losqui(()es (Wabh el
al. 1992).

Porcupine Ill'rd caribou did !lot display as strong a
tendency to move to the coasl!ine during plltclltial insect
hnrassillent as has been seen for tile adj;K:clll Central
Arctic herd. Observation.~ of Ill\JVCl1lellts of unmarked
nnimals during survey flights, howcver, indicate that
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segments of the herd oflen follow the coastline while
moving along the coastal plain of the Arctic Refuge in
July (F. J. Mauer. U.S. Fish and Wildlife Service,
person::li cOllllllllniculion).

Individual radio-collared caribou showed at leasl
partial fidelity (Le., caribou repeatedly returned to
specific areas) to either the coastal plain, foothills, or
mountain zones during the insect harassment season in
differellt years (Walsh ct al. 1992). 111C negative energetic
consequences of insect harassment (I-Idle and Tarv:lincn
1984) suggest that frce access to insect rdicfhabitat is
imp0l1:1111 to caribou (Walsh ct al. 1992), but in sOllie
herds the energetic cost of insect harassment may be low
(Toupin et :II. 19(6).
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Calf Performance In Relation to Habitat Use

t.lean calf weights wilhin 1-2 days of binh \liere
remarkably similar among years. On averagc, female
calves caught during 1992-94 when the herd was
declining weighed 6.2 kg, slightly less (I' = 0.003) than
~;;2-day-old female calves caught during 1983-85 (6.7 kg,
Whitten et al. 1992) when the herd was increasing.

The increase/decrease classification, however,
explained only about 9% of the variance in calf weights.
111e difference in female calf weights between the
increase and decrease phases of the herd was due solely
to a cohon of heavy calves in 1985 (7.2 kg). Female
calves caught in 1983-84 weighed an avcnlge of 6.3 kg
(Whinen et al. 1992).

There was a significant interaction among years and
between Jleriods (O-3 weeks and 4-5 weeks after birlh) (I'
< 0.001) in daily weight-gain of fcm:de c;llves, 1992-94
(Fig. 3.23). Daily gain wa's panicularly low during tIle
fourlh and t1flh weeks of life for calves born in 1993 (Fig.
3.23).

Daily weight-gain of CDlves did not differ between
calves born in the concentrated calving are~IS and inlhe
peripheral calving areas (I' = 0.214). ~Iuch higher relative
densities of caribou (7x. on average) in Ihe concentr:l!ed
calving area~ compared to peripheral calving areas lll;lY
have reduced forage available to individuallacta!illg
females.

Even tllOUgh cOllcelllrated calving areas fwd a greater
proponion of area with high plant biomass (both
NDVI_calving ;llld NDVC621) than did the annual
calving grounds, the differential ill forage abundance was
cvidellily not sufficiellt to overcome the higher densities
of caribou in the cOJlcentrated calving :In,'as and to
enhancc the weight-gain of cal ves horn there.

Paltcl"lls of habitat use by calve.~ var-icc! signit1c:llltly
if> < 0.(1) betwcen periods :llld ;\IlHlng year.~', 1992-199-1
(Fig. 3.24a·(;), but were generally similar to use of sites
for calving (Fig. 3.21). Weight-gain of cal\'cs during
calving ground usc was 11ll! :lssociated with the percell! of

FIgure 3.23. Daily gain (kg) of caribou calves of the PorCtJpine herd,
1992-1994, durin9 2 periods (O-3 weeks post·birth and 4·5 weeks post·
birth). Gain was estimated from sequential weights or recaptured radio
collared anImals. Means are listed above the appropriate bars.

time that calves spent in any particular ve,getalion Iype or
in any class of forage at calving (NDVCcalving), rate of
increase in forage during lactation (NDVIJate). fOnlge
available at the peak of lactation (NDVC621), or
~nOwcover(P > 0.05).

Although individual calf weight-gain was not
explained by within-annual-calving-ground habitat usc,
several characteristics of parluricnt females and calves
were rclated to habitat conditiolls in the anllual calving
grounds, 1992-1994. 111e rank orders of I) NDVC62I in
th~ annual calving gwund, 2) average parturient fcmale
weights (Fig. 3.25), 3) p:lr1urient femalc'hody condition
scorc, and 4) average calf weights, all at 3-weeks post
calving, were all the sallle (1993 > 1994> 1992).

Lack of correlation betwccn indi vidual calf weight
gain and usc of annual calving ground habitat suggests
that the location of annual calving grounds Illay have
maximizcd calf weight-gain, given the conditions of the
annual habitat avuilable within the ex.tent of calving. Once
the annual calving ground WHS located in an area that
provided a high propUrlion of easily digestible forage
(high NDVI_fate), then variation in caribou density and
forage biomass (NDVI_calving, NDVL62I ) may have
interacted to reduce vari;l\ion in performance among the
individual study animals.

Factors Associated with Calf Survival on the
Calving Ground

During 1983-19H5, average 1ll0l1ality \)f calves during
June was 29';,,;; (Whitten et al. 1992), slightly higher than
the 1983-2001 avcrage of 25';';". III those early years, about
61 % of mortality on the calving ground was due 10
predation antlt!ll'. !L'll1ainder 09%) was due to llI11ritional
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or physical charac{~ristics of calv~s (Whitten et al. 1992,
Roffe 1993). 'nle interaction betwe~Jl nutritional status of
the calv~s and pr~dation mortality was not known.

Figure 3.24. Availability of 6 vegetatiol1types in the aggregate extent
of calving for the Porcupine C<lrioou herd and use by radio-collared
calves durirlg 2 periods (0-3 weeks post·birth and 4·5 weeks post-birth)
for (1) 1992, b} 1993, and c) 1994. Vegetation types: Wsedge =wet
sedge; ~,lsedge:: moist sedge: HerbTI =herbaceous tussock tundra;
ShrubTT =shrub tussock tundra, Alpine, and Riparian.
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Predation occurred further south and at higher elevations
ncar the foothills during 1983-1985 (Whilten et al. 1992).

During 1983-1985, golden eagles caused most
predation mortality of calv~s on the annual calving
grounds (-60%), grizzly bears mnked second (-24%),
and wolves ranked third (-16%) (Whillell et al. 1992).
Young and l\1cCabe (1997) estimated that bears killed
about 2% of calves during 1994, a year with rclativ~ly

high overall calf survival (Fig. 3.1 Ob).
Immature golden eagles ranged throughout the coastal

plain and foothills (Clough et al. 1987), while golden
cagle nests and wolf dellS were primarily restricted to the
foothills (S£'I' Fig. 6.1). Grizzly bear densities were
moderate and their distributions were concentrated in the
foothills (Voung and McCabe 1997). In late summer
through winter, the source and distribution of predation
mortality of calves were unknown, but wolves were
probably the dominant predator.

We Ilsed mUltiple scales to analyze factors associated
with calf survival during June: I) fate of individual calves
within the population of calv~s; and 2) the proportion of
the annual popUlation of calves that survived Illltilthe end
of June in relation to a) habitat characteristics within the
extent of calving and b) habitat characteristics wiUlin each
annual calving ground. These latter 2 classifications are
conceptually equivalent to the fifth and sixth order habitat
selection analyses.

Several factors were associated with enhallc~d

survival of individual calves, 1983-1994 (n = 345 calves).
Survival was greater (10.8%, P = 0.004) if the calf was
born in a high density concentrated calving area rather
than in the low density peripheral portion of the calving
ground; greater (11.0<:"0, I' = 0.008) if born ncar the
median calving date rather than being born early or late in
the calving season; greater (I 1.2%, P = 0.006) ifbom on

Figure 3.25. Median Normalized Difference Vegetation Index on 21
June (NDVI~621) withirllhe annual calving grounds of the Porcupine
caribou herd arld weights of parturierlt female caribou when C<lplured
,....ithin the anrlual calving ground Orl 21 JUrle, 1992-1994.
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NOVI_621 . Extent of c~tYing

Figure 3.26. Call survival through June for the Porcupine caribou
herd, 1985-2001, ill relation to median Normalized Difference
Vegetation Index on 21 June (NDVC621) .....ithin the aggregate exlent
of calvillg (EG). Legends identify the year of the estimate. Calf survival
was not estimated in 1986 because inclement weather prevented a
complete sample in fate June. Calf survival for 1993 was a significant
ouUier (RStudellt = 3.84, see lext for biological justification) and was
excluded from the estimated regression lill8 {f' =0.85, P < 0.0001).
Upper and lo.....er dashed lines indicate 95% confidence intervals on the
predicted observations.

modd can be used to assess whether calf sun'ival during
June is affected by development.

Calf sun'ival for 1993 was an outlier (RStudent =
3.84) and excluded from the estimated relationship
between NDVI_621 in the extent of calving and calf
sun'ival (Fig. 3.26) alld from all subsequent models of
calf sun'ival. During 1992, :ltlllospheric aerosol.~ from the
emption of fl.lt. Pinatubo in the Philippines re'1clled the
Arctic ill the spring (Stolle et a!. 1993). 111is resulted in a
late spring, cool SUIlUllt:r, early and heavy snow
deposition in the fall, and ncar catastrophic conditions for
caribou.

We sunnise tllat the consistently bad weathcr
conditions during 1992 and early 1993 resulted ill a carry
over effect t1Klt reduced calf sun'ival in 1993 to levels
much lower than would havc been expectcd on the basis
of NDVl_621 alonc. It was likely that this suspected
additional mortality in 1993 affected calves within the
first day or two of life; perhaps many calves were of very
low binh wcight. We draw this conclUSion because 0- to
3-week weight-gain of calves that sun'lred to be radio~

collared ill 1993 was as high as any other year (Fig. 3.23)
and the weights of parturicnt females Ihat were caught
with their live calvcs on -21 Junc in 1993 were as high as
any weights we observed, 1992-1994 (Fig. 3.25).

At the smaller scale of the annual calving grounds, the
proportion of Porcupine caribou herd c:llves that survi\'ed
through June was positively related to both NDVC621 in
the annual calving grounds and to the proJlortion of calves
that were born all the coastal plain (assumed lower

Ihe coastal plain with lower suspected density of wolves,
eagles and bears; and greater (8.3%, P = 0.026) if born in
the 1002 Area.

The survival advaillage of high density calving to
individual calves tended to be greater when calves were
born in tIle foothills and mountains than when lhey were
born on the coastal pl:lin (14.3% advantage vs. 7.9%
advantage, respectively).

Individual calf survival was not related (P = 0.160) to
the fre(jueney of use of its binh site as :l ponion of the
eonecntrated calving area, 1983-1994, but calf survival
was 100~:er (9.9%, P = 0.026) if the binh site was in an
area n4'er used as a concentrated calving area. In a
stepwise logistic regressioll analysis thai simultaneously
considered calving density, tillle of binh, zone of birth
(coastal pl:lin or foothills), and in or out of the 1002 Area,
only calving density (P = 0.004), time period of binh
(early, middle, late; P = 0.(12), and zone (1' = 0.(08)
entered Ihe lllodellh:ll predicted individual calf survival,
1983-1994.

'111C surviv:lI advalllage of both high calving density
and being born near the middle of the calving period may
havc been due to predator swamping where high spminl
and temporal densities of calves may make it difficult for
predators to capture individual calves (Hamilton 1971).
Bears tended to be less successful at capturing calves in
the concelllrated calving areas of the Porcupine caribou
herd (Young :lnd McCabe 1997).

When assessing the proponioll of the unnual
population of calves that surVived during June, the liming
of binh in relation to other calvcs W:1S not applicable, but
median calving date, J983-1996, was available. In
addition, we could consider Ihe relativc alllount of food
(NDVCealving, NDVCrate, and NDVL621), winter
range conditions prior to calf binh (snow propenies), and
the proportion of calves horn in coastal plain or foothill
,",ones.

Analyses of the proportion of calves surviving in
relation to these independent variables were conducted
scparately :"It 2 scales: a) the extent of calving and b) the
annual calving grounds.

Within the extent of calving, the relative amollnt of
forage available to females during peak lactation
(NDVL621) provided the best mouel of calf sun'ival
during June (r = 0.85, l' < 0.0(1) (Fig. 3.26). No otller
independellt variable that was considered added
significanl explanatory power.

This model (Fig 3.26) (Percent JUlie Calf Survival =
10.107 + (2.U:) • NDVUi21 in the extent of calving)] ~

JOO) was the best available cstimate of survi\'al of calves
during JUllC for the Porcupine caribou herd under
undisturbed conditions during the past 2 decades. '111is
model of calf sun'ival was independent of annual calving
ground location and, if the 1002 Area is developed, the
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predalion risk) (r = 0.70, P < 0.00l). No other vari;lble
added significant explanawf)' power. Median NDVI_62I
in lile annual calving grounds and the propof1ion of calves
born on lhe coastal plain were nOl correlated (P> 0.94).
Forage in the 3Jlnual calving ground accQullled for
approximately 75% of the total variance explained by this
model and assumed pred:llion risk accoullled for the
remainder (Fig. 3.27).

TI1US, in addition to scale dependcncy in the functional
response M caribou lo habilats (sc!eclion of NOVIs
within the extent of calving and within the annual calving
grounds), there was scale dependency in the numerical
reSJlonse of calf survival to calving ground location and
habitat conditions. Only forage \\,;15 related to calf
surviv;ll at the l;lrgesl spatial scale (extent of calving) thal
IVe :lnalyzed.

At the intermediate scale (annual calving ground),
Corage dominated calf survival, bul predmion risk added
iubstantial explanatory power. Attlle snlal!est scale
individuals within the population of calves), spatial and
emporal v:lriance in calf density (indirect predation risk)
md direct pred:l!iOll risk 1I10st effectively explained calf
urvivaJ.

TIlis scale dependency ill calf survivallikeJy occurred
'ecause the annual vari:lllce in habit:ll conditions in both
he eXlcnt of calving and in the annual calving grounds far
xceeded the annual variance in predation risk within the
xtcnt of calving and \vithin thc annual calving grounds.
'he scale dependency in caIr survival made it impossible
) extr..lpolate across scales. Thus, 10 develop an
nder$landing of the relativc influence of forage and

ure 3.27. Predicted calf survival for the Porcupine caribou herd,
\5-2001, in relation to median Normalized Difference vegetation
ex on 21 June (NDVU21) within lhe annual calVing ground and 10
proportion of calves bom on the Arctic National Wlldl'lfe Refuge
sIal plain physiographic lone where predator densily \'las lower
1in the foothill-mountain physiographic zone (r"::: 0.696, P <
)1). Calf survival was nol estimated in 1986 because inclement
,lher prevented a complele sample in lale June.

predation on calf survival, it is imperative 10 specify the
scale of analysis, and nssess multiple scates
simultaneously.

'nle temporal increase in forage during peak laetalion
(NOV,-62I ) (Fig. 3.4) was coincident with local climate
warming (Fig. 3.3a). Forage at calving (NDVCcalving)
was positively associated with the Arctic Oscillation (Fig.
3.6). TIlere were also pOsitive relationships between
climate and NDVl3alving, between Jlercent of females
calving in the 1002 Arca and NOVI_calving, and between
calf survival alld NOV I_calving [t..l = 0.33, P = 0.011
(annual calving ground); r = 0.60, P < 0.001 (extent of
calving)]. As a result, June calf sllrvival was weakly
correlated (r = 0.22, P =()'029) with the proponion of
cows that calved in the 1002 Area. Further, because
climate affected calving ground location (e.g., Porcupine
caribou herd females were more likely to use the western
pOf1ion of the extem of caldng following winlcrs with a
positive Arctic Oscillation), both forage availability and
predalioll risk were implicitly related to climate.

In YC;ITS with substantial Sllowcovcr on the coastal
plain (Fig. 3.18) and rekuively low NDVI_62I in the
extent of calving, average calf survival (66%, /l =7, SE =
690) was 19% less (P = 0.0(8) than when there was little
S!lOWCOVer at c:Jlving and NDVC621 was high (85%, fl =
6, SE = II %). Thus, climate was an important influence
on habitat conditions, on tile likely lise of the Alaska
coastal plain and 1002 Are;l for c;llving, and on calf
survival during June, 1983-200 I, ullder undisturbed
conditions.

Potential Effects of Development on June Calf
Survival

In ordl'r to assess the polelllial cffecl.~ of devdopllletll
of the 1002 Arca on thc Porcupine caribou herd during
cal ring, we needed a model of caribou behavioral
response to oil field infrastruclilres. 'I1le adjacent Central
Arclic herd (Fig. 3.2), which calved in lhe vh;inity of
Prudhoe Bay - Kupal1lk complex of petroleum
development arcas. provided lhc only available model of
caribou behavioral response to petroleum de\'dopmelll
during calving.

PIlr{/lrielll ji.'IIIll!e caribou (i.c., those about to givc
binh or accompanied by very young calvcs) of the Celllral
.·\rclic herd repeatedly Jemostraled their scnsitivity to
Jislllrb;lIlce during the first few wed;s of life of lheir
cain's (Smith arld Cameron 1983, Whittcn and Cameron
1983, /)au and Cameron 19~6: Cameron et al. 191)2;
Ndlemann and Came['{)11 19%. 1998).

Parturient fcmales ;l\"oided, \)l" wcre k.~s likely to
cross. inji'ilSlntt'llires (roads and pipelines) during the
calving SeaSl)lj (Cameron and Whillen 1979, D:lIl and
Cameron 1986. !\IUfphy and Curatolo 19H7, Ll\vhcad
1988, Cameron et ;iI. 1(92). In ;ldditioll, densities of
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caribou during calving (June) were gre<lter than expected
beyond 4 km from roads and pipelines (Cameron et al.
1992).

Central Arctic herd caribolllllay make substantial usc
of areas in the vicinity of oil field infrastructures during
periods of moderate to high insect abundance during P{)st~

calving in July (Pollard et al. 1994). 11lat observation is
not relevallt, however, to the distribution of thc Central
Arctic herd during c:llving ill JUlle nor to the assessmcnt
of Porcupine caribou herd distriblllion during calving ill
relation to potential oil development: Caribou of the
Porcupine herd generally depart the calving ground
during early July.

Historically, 2 zoncs of concentrated calving of the
Central Arctic herd havc becll recognized (Murphy and
Lawhead 2000). The zones were physically divided by thc
Sagavanirktok River and the trans-Alaska oil pipeline.
nlcre was an e:lstern reference zone where development
infrastructure was historically :Ibsen! through 1995, and a
western deVeloped zone that included the Prudhoe Bay,
~lilne Point, and Kuparuk petroleulll developmem areas.
In 1996, the developed versus reference zone study
design was compromised by the completion of pipeline!;
le:ldin£ to the Badami petroleum development area, cast
of the tran!;+Alaska oil pipeline and into the reference
zone.

During the late 1980s, concentrated calving in the
developed zone shifted from the vicinity of the Kuparuk
l\·filne Point petroleum development areas to undeveloped
are<l~ to the !;outh-southwest of the oil fidds (Lawhead et
al. 1993, Murphy and Lawhead 2000). Low density
c:llving continued 10 occur in these petroleum
development areas while concentrated calving shifted.
'Illat shift was completed by appro:\il\l:llcly 1987 when
the Oliktok Point and r....1illle Point roads were completed
and substantial infr:lstructure was in place. nle uni
directional shift in concelltr'Jted c:llving in the deVeloped
zone, 1980-1995, has sUbSe{jllently been confirmed (P <
0.002, Wolfe 2000). During the same years, however, the
concentrated calving area in the reference area showed no
un i-directional shift (P = 0.14, Wolfe 2000) (st't' also Fig.
4.7).

Since 1996 the bulk of high densily calving in the
developed zone has remained south of roads and pipelines
although a slIlall zone of high density calving occurred in
tlle Kuparuk-Milne Point :m::a in 1996 (Lawhcad and
Prichard 2001). The shift in calving distribution in the
developed zone occurred even though the Milne Point and
Kllpamk pctrolcllJn development area~ included
:;Ub.~l:llllini illlpro\"emellls in field design and layout (e.g..
elevated pipes. reduceu road l!cnsity) tli;l! should have
fncititated caribou passage clllllpared with the dc~igll of
the older Prudhoe Bay COlllpleX.

No olher concentrated calving ;lrca of Alaska harrcll
ground herds has demonstrated a ~latisticaJJy significant

uni-directional shift during the past 2 decndes.
Kelleyhouse (2001) showed no un i-directional shift in
concentrnted calving for the Western Arctic herd, 1987
2000, but was unable 10 asses.~ shifts in the concentrated
calving areas of the Teshekpuk L:lke herd due to an
inadequ:lte number of ycars forthe test. As noted
previously, directional shift~ of concentrated calving areas
of the Porcupine caribou herd have not differed from
randomness, 1983-200 I.

Forage during peak lactation (NDVC621) in thc
cOllcentrMed calving area in the developed zone of the
Central Arctic hcrd declined as the concentrated calving
area shifted south-southwest, 1980-1995 (Wolfe 20(0).
During this shift, forage during peak lactation remained
highest in the area llsed for concentrated calving during
1980-1982 (Wolfe 2000). nlere was, however, no decline
in forage availability on June 21 (NDVI_621) in the
concentrated calving areas in the reference zone of the
Cenlral Arctic herd during 1980-1995 (Wolfe 2000). No
clear biological evidence explained the shift of
concentrated calving in the developed zone to an area of
reduced forage availability for lactating females. 11lUs,
petroleulll development was implicnted as a cause of the
southerly shift in cOllcentrat.::d calving in the developed
zone of the Central Arctic herd, 1980-1995.

Since the first census of the Centml Arctic herd in
1978, the herd size has increased from approximately
5,000 to :lpproximately 27,000 animals in 2000 (E. A.
Lenart, Alaska Department of Fish and Game, personal
comlllunication. Sa also F(r; 4.2). 'nlere was a sharp
decline (from 23,000 to 18,000) in the herd from 1992
1995 and a subsequent recovery. It is unknown whether
the Centr;ll Arctic herd would have increased at a higher
rate than obsen'ed had the concentrated calving area in
the dcveloped zone not shifted 10 the sOllth-sollthwest by
1987.

'111e ohsen'ation of either;l/l inCl"eas.:: or decrease of
any magnitude in the size of the Central Arctic herd or
any othcr herd is not, by itself, sufficient evidence to
conclude that there has be.::n an effecl of development or
lack thereof on herd size. For example, had the 1002 Area
been developed in 1989, the sub~eqllent natural decline of
the Porcupine caribou herd (Fig. 3.8) would not have
eonstitutcd evidence of an dicci of devdopillellt.

To asscsS potential effects of devt::!opillent on the
growth curve of the Ccntral Arclic herd, we needed t{)
make cOlllpari.~ons with an ecologically similar Ill~rd. The
Porcupine caribou herd docs not con~titlile a good
l.'cological cOlllparison and neither dlws the Western
Arctic herd. "nle Teshekpuk Lake herd (Fig. 3.9) is the
most ecologically comparable herd to thc Central Arctic
herd in Alaska.

Thl~ C~ntral Arctic herd and Tesllekpuk Lake herd are
certainly not identical, however: I) bolh herds arc
relali vely small ill size and the trajectories of their growth
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curves suggest exponential growth, 2) both herds have
relatively high bull:cow ratios (-80: 100),3) calving
ground habitats of both herds showed similar climate
trends (Kelleyhouse 2001, Wolfe 2000), 4) both herds
exhibited the same dip in herd size during the rnid-1990s
(Fig. 3.9), 5) neither herd has consistently demonstrated
lhe long distance migrations exhibited by the Western
r\rcric herd and Porcupine caribou herd, and 6) before
1987, both components of the Central Arctic herd as well
lS the Teshekpuk Lake herd calved in wet coastal habitats
Nith relatively late snowmelt.

The apparent divergence in the relative sizes of ~Ie

::entral Arctic herd and adjacent lcshekpuk Lake henl
lrter 1987 (Fig. 3.9) suggests that the growth r;He of the
::elllral Arctic herd may have slowed after roads and
lipeIincs expanded in the developed zone and the
oncentrated calving area in the developed zone shifted
outh-southwest. The relative trajectories of the 2 herds'
Towth curves were par<lllel through the mid- to late
980s when both herds were slightly less than 4 times as
uge as when first ccnsused. 111en:=after, their trajectories
ivergcd slightly. By the late 1990s the 'Icshekpuk Lake
erd W;lS about 7 times larger than when firs! censused
'hile the Central Arctic herd was only about 5.4 times as
lrge as when first observcd. Cronin ct al. (1998) noted
lat exponential growth rate of the Teshekpuk Lake herd
as approximately twice as great as the exponential•:owth rate estimated for the Central Arctic herd (0.152
J. 0.077, respectively) from the mid· I 970s through the
id- I 990s.

Sevcral ecological factors llIay have diluted or
lscured any population consequcnces of avoidance of
'Hokum development areas by the Central Arctic herd
Iring calving. FiN, only the half of the herd that used
e developed lone was Jlott~l1tially affected. Reduction in
"aibble food for lactating females during peak lactation
lS demonstrated only for the females that used the
veloped zone concentrafcd calving area (approximately
% of all felllales ill the Central Arctic herd; Wolfe
00).
Second. the Central Arctic herd remained on the

:lstal plain when it shiftcd its concentmted calving areas
the developed zone. The parturient females and calves
re not displaced !O the adjacent foothills where
:dator densities were assumed to be greatest. 111US, the
f! lllay have incuITed little if allY additional Jllortality
:= to prcdation.
'lllinl, developlllent of the complex of petroleulil
Iclopmem areas frolll Pl1ldhoe Bay to Kuparuk hilS
:urrcd during a period of relatively favorable
'ironmental cOlldition.~ U.,.faxwcIl 1996). Thc re.~ilicllcc

lerds I\l abiotic, biotic, or anthropogenic dl<lllenges
'.lltl be expected to be gre;llest during favorable
ironlllental conditions.

Fourth, because thl: Central Arctic herd obtained a
relatively sma]] proportion of its annual nitrogen budget
from its calving ground compared with other herds (Fig.
3.22), the Celllral Arctic herd calving ground may have
had less relativc value to herd performance than the
calving grounds of other herds.

Fifth, calving ground density of the Central Arctic
herd has been, and remains, quite low (npproximately
one-fifth thl: effective density of the Porcupine caribou
herd; Whitten and Cameron 1985). 'nms, even though
females of the Central Arctic herd in the developed zone
shifted their concentrated calving to an area with reduced
total forage, the amount remaining per caribou may have
heen sufficiellllO accotnmodmc nutritional requirements.

Because ecological conditions for the Porcupine
caribou herd are substantially different than for the
Central Arctic herd, il is unlikely that all these
ameliorating factors will apply to the response of the
Porcupine caribou herd to development within its calving
ground. Ncvertheless, the avoidance of oil field roads
and pipelines by parturient females of the Central Arctic
herd during the calving SC;lson is transferable to
Porcupine caribou herd because sensitivity to disturballce
by parturient caribou has been repeatedly noted clsewhcn:=
(Wolfe et al. 2000).

To assess tlle potential effects of petroleum
developmellt in the 1002 Area on the Porcupine caribou
herd, we assumed that displacement of Porcupine caribou
herd's concentrated calving grounds would occur, similar
to the shift observed for llle concelllrated calving, area in
the developed zone orthe Central Arctic herd (Lawhead
et al. 1993, Wolfe 2000). We then used empirical habitat
demography relationships developed in the Porcupine
caribou herd studies to assess the implicntions of this
hypothetical displacement on calf survi va] during June for
the Porcupine caribou herd.

We based our predictions on an empirical Illodel
relating calf sllfvivalto forage in the annual cah'ing
ground on 21 June and to the proportion of calves born in
low predation risk (Fig. 3.27). This empirical Jl\odel was
Percent June Calf Survival::: [-0.0396 + (2.0989" median
NDVL621 in the annual c;lh'ing ground) + (0.00283 ..
proportion of calves hom in low pred:ltion risk)] .. 100,
(,-2::: 0.70; P < 0.001). 111e spalially explicit nature of this
intermediate-scale lllodcl subsumed the effects of
temporal <ind spatial caribou density on individual calf
surviv:ll.

First, we IJsed the empiricalmoJd 10 predict calf
survival in each of the 17 ()b.~ef\'ed allnual calving
grounds oflhe Porcupinc caribou had, 19l'i5-2001 (Fig.
3.13). Thcn each cOllcentrated calving area wa.~ displaccd
the minimum distance necc.~sary to pf{)vide 4 kill

clearance froill the boundary l)f e"Jch of 4 hypothetical oil
devdopment scenarios for thc 1002 Area presented in
Tussing and I-laky (1999; scenarios 2-5) :llld for the
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single hypothetical development scenario presellted in the
1987 Finnl Legislative Environmental Impact Statement
(Clough cl aJ. 1987). The scenarios in Tussing and Haley
(1999) <lrc based on the most recent estimates of the
distribution and quantity of oil reserves within the 1002
Area (U.S. Geological Survey 2001).

This protocol assumed oil field design similar to the
Kuparuk and /l.Elne PoilU petroleum development areas
within the scenario boundnric$. The Illodeling exercise
coutd be llsed 10 assess the potential dfccl:> of additional
development scenarios that arc llot presented in Tussing
and Haley (1999) or Clough C[ 011. (1987).

CCllIral Arctic herd parturient females actually
separated their concentrated calving areas from
development infrastructure by about 7-8 km (Wolfe
2000). We used a conservative displacement of 4 kl1l
based on observations by Cameron et al. (1992) of
increased caribou density from 4 kill outward beyond
roads and pipelines. Calving sites and the entire annual
c31ving grounds were displaced along with the
conccntr3ted clliving areas.

Our protocol stated that a cOllcentr,l!ed calving area
could not be moved onto the Beaufort Sea. \Ve made no
chrmges in shape of the concentrated calving areas or
annual calving grounds. As a result of these shifts,
relatively small portions of the peripheral, low-density
calving areas were occasionally moved onto the Beaufort
Sea along with some associated calving sites. We treated
these ocean sites as missing data when assessing the
potential effects of displ,lCcment Oil calf survh'al.

!'v1odcled displacelllclll for the Porcupinc caribou herd
was to the cast and sOll1h, parallel 10 thc Beaufort Sca
coastline, because that is the direction of the herd's
migratory appronch to the ;lnnunl cnlving grounds in
spring. Displal.:emellt ()f the developed-zone concentrated
calving nreas of the Central Arctic herd has been
primaril y to the south, the direction of ~lpproach to thaI
calving ground from winter range.

Our protocol minimizcd di.~placcrnent of the
Porcupine caribou herd calving grounds into the foothills
and mountain mne. This tcnded to kcl.:p thc ;mnual
calving grounds on the coastal plain in the best remaining
foraging habitats. In sOllie cases, observed cOllcentr<t!ed
calving areas (e.g" in 1988,2000, and 2001) did 1I0t
overlap the boundaries of any of the hypothetical
developmellt scenarios, and in those cases the annual
calving ground was not displaced.

Once the concentrated calving areaS and associ:l\ed
anllual calving grounds and calving sites \WrL~ displaced,
the fnrage during peak lactation (NDVC(21) within the
displaced annual calving ground was rt"iuventoried, the
mcdian was rl.:calculated. and the proportion llf calves
born in the low predation risk zone (coastal plain) was
recalculated.

.~'!I. __~_'------'-__'_'_r----"'_""""""""''''''''''''''~~
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FIgure 3.28, Estimated change in calf survival during June for the
PorCtlpine caribou herd, 1985-2001. as a function 01 the dislance of
displacement of lhe annual calving ground and associated
concentrated calving alea and calving siles. Upper and lower dashed
lines indicate 95% confidence inlervals on the mean effect.

11lell the empiricallllodcl was again used to predict
c,llf survival for the displaced calving ground. 111e
difference between tlle calf survival estimate for the
displaced and observcd calving ground was cnlcul;tted
and a dmaset of 46 displacement distances and associated
changes ill calf survival was gencr3ted for 3nalysi~.

111e model showed a significant (r = 0.47, P < 0.001)
inverse relationship between displacement distnnce nnd
predicted change in calf sllrvivnl (Fig. 3.28).

The simulations indicated that :1 substantial reduction
ill calf sun'ival during June would be expected under full
development of thc 1002 Area. Eighty-two percent of
obsen'ed calving distributions would ha\'e been displaced
and the aver:lgc distancc of these displacements would
havc been 63 kill (r,mge l6~99 kill). 'nlis would have
yielded a net average effective displacement of 52 kill and
an expected mean reduction in c;llf survival of 8.2% (SE
= 0.71,~O.

It is remotely conceivable that calving caribou of the
Porcupine caribou herd could select habitats tllat yielded
equivalent fnrage and predation risk after displacemcnt.
Forage for lactating females of the Central Arctic herd,
howcver, declined as the concentrated calving area in the
developed wne shifted to the south-southwest (Wolfe
2000). This SllggcSI.~ that such compensatory habiwtuse
by the Porcupine carihou herd would be unlikely if their
calving grounds were displaced by oil development.

BccausL' there was no empirical basis for changing the
shape of the {)bscrved calving distributions, it W;l.~

impossible to estimate the magnitude of the effect of
considering the peripheral calving areas and calving sites
as missing data when they were displaced onto the ocean.
Tile effect wa$ expected to be snl,lll. Arbitr:lrily assigning
calvin!!. site.~ that were displaced onto the ocean back onto
the Cl);stal plain and making no otlwr 'H.1justmcnts would
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lave increased displaced calf survival by only about O.6S-;'
In average. lllis probably constituted the maximum
lossible C£fect of treating areas and calving sites thai
t"crc displaced to the BC[lufort Sea as missing dat[l.

Stochastic simulation modeling (Walsh et al. 1995)
ldicatcd that a 4.6% reduction in Porcupine caribou herd
alf survival during June, all else held e(lual, would have
cen sufficient to halt growth of the Porcupine c[lribou
crd during the best conditions observed to date. A lO-km
\'erage displacement in our simulations would have been
Jfficient !O bring the upper confidence itllerval on the
lean effect below a 0% predicted change in calf survival
'ig. 3.28). A mean displacement of 27 klll in our
:odeled prediclion.~ would have been sufficient to reach
iC threshold of 4.69(· Illean reduction in calf survival
lfficielll 10 halt growth of the Porcupine caribou herd
lder best observed growth conditions 10 date. This latter
vel of displacement could occur well bdorc full
·.velopmellt of the 1002 Area.

The estimated effect of displacement of the Porcupinc
ribou hen! Oil c[llf survival during June was
·nserv:ltive for several reasons. First, we used the
nservativc estimate of a 4 km displ[lcelllent I)f
Jlcen1rated calving areas from infrastructure (Callll:fOn
al. 1992) vcrsus 7-8 kill (Wolfe 2000). Second, we
Iplaced tlle concentmted calving ;lreas parallel to the
'aufon Sea coastline lll\ls maimaining calving
:tributions on the bes't remaining coastal plain habiWI
:I minimizing displ[lcement into the foothills where
~dation would be expected to increase calf lllortality.
lally, relatively low density calving was allowed to
:rlap developed [lreas, as has been observed for the
ncent Central Arctic herd (Wolfe 2000, Lawhead ;lIld
chard 20(1).
Because the a;;sumptiolls were conservativc, IlIC
ults were conservativc. Su!lstanti[ll (10 to 27 km)
placemeJlt of concentmtcd calving areas and associated
lUal calving grounds and calving sites of thc Porcupinc
ibou herd i.~ likely to negatively affect calf surviv;11
ing JUlle. At tIle upper cnd of this range of
Jl[lcement (27 km), recovery of the herd from the
[ellt decline (Fig. 3.8) would be unlikely. These
elusions are consistent with those found in the 1987
II Legisl[ltivc Environlllentallmpaet Statement
)Ugh et a!. 1987).
The Ilorcupine caribou herd has demonstratcd
,tantiainaillral variability in size alld demography
os. 3.5, 3.8, 3. IOIl"C). Because developllll~nt of the
2 Area would take time, any cll"ec!.~ on the herd's
'ornl:lncc may take (kcadeS to detec!. Reduced calf
iralmay slow the rate of increaSe during positivc
;es of the growth cun'e of the herd and increase the
of decline during !he negativc phases of the herd's
I,th curve. The period of natur;ll cycles in herd size

may increase and the ;llllplitude of herd size Ill[lY be
affected.

The best empirical tool available for detecting
potential effects of development is the modeled
relationship between calf sun'ival ;lIld forage for females
during peak lactation demand (NDVI_62l) within the
extent of t"[llving (Fig. 3.26). This model is independent
of actual annual calVing ground location and encompasses
a ne[lr full cycle of herd size [IS well as subsl[l/lti[ll
variation in hemispheric we;lther patterns (Fig. 3.5) and
varbtion in calving ground location (Fig. 3.13).

With industrial development, if observed c;tlf survival
falls below the lower 95{;~;' confidence limit Oil the
predicted observations from this Illodel (Fig. 3.26), or if a
parallel pattern of calf surviv:ll yields a significantly
lower inten;ept term, then an el"fect of development on
calf sun'iv[l! would be indicated.

Individual observations til[lt fall below the lower
confidence limit and which call be satisfaelorily explained
by exceptional environmental characteristics (e.g., carry
over effects of ncar-catastrophic conditions in 1992 to
1993 after eruption of I\f\lunt Pinatubo) (Fig. 3.26) need
not be considered evidence for effects of developmellt on
calf survival. A pattem of obsen'ed calf survival below
the lower confidencc limit would be cause for cOllcen!.

Statistic[llme!hods for making these types of decisions
are currently in development (Rexstad and Debevec
2001). l1tis assessmcnt will require continued intensive
cal ving ground sun'eys and calf sun'ival estirn:l1es.

Conclusions

Our research has shown that the Porcupinc caribou
herd has signific:lI1t annual variance in calving ground
location (Fig. 3.13), f[lces annual vari;lIlce in habitat
conditions, selects areas willI abulldall! high quality
forage for calving. has incre;lsed MIn-ivaI of calves born
in the concentrated calving areas, alld shows a con'clation
between calf survival and both forage for females during
peak lactadon ant! predation risk in the annual calving
grounds. All this implies that unrestricted ;Jccess to annual
calving grounds and concentrated calving areas
maximized perfoonallce of lactating Porcupine caribou
herd females and their c[llves. Becausc the Porcupine
e:lriboll herd has shown limited c;lpaclty for growth, frel:
access to calving ground habitats lIlay have compensated
for less than oplimal wintering h;llJitats.

Location of the conceillrated cal ving areas during the
pas! 19 years (1933-2001) is the best estimatc of thc arca
that has provided the highest qualit)' calving habitat for
females and their calves. Calf s\lfvival within !he
aggregate eXlem of conccntrated c;l1ving arcas has been
higher (han fllr cal res born in [lreas never used as a
l:OIlCelllralcd calving area (83.8'_';~ vs.7J.9'/;', respectivdy,
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Figure 3.29. Aggregate extenl of annual calving (light green shading)
and aggregate exlenl of cnncentrated calving (dark green shading) for
the Porcupine cariboU herd, 1983·2001. The deformedlundelormed
geological boundary is discussed in USGS Fact Sheet FS-028-01
(U,S. Geological Survey 2001),

19l-:3-1994, p:::: 0.026). 'nlUS, the aggregate extel1! of all
observed concentrated calving areas (Fig. 3.29) identifies
the most valuable portion of the extent of calving in terms

of calf survival during June.
Our [llOdel prediction of ,I reduction in calf survival

when calving, g,rounds were displaced supports the
concept that caribou made a critical "decision" in locating
their annual calving grounds within the extent of calving.
19:-:3-2001. It appears that actual calving ground location
maximized June calf survival given the habitat conditions
within the extent of calving for a given year.

Weight-g,lin of calves provided further evidence for
',he import:lnee of unrestricted localion of ,1I11lual calving
grounds. The lack of a relationship IJl?tween calf wcight
~~;lill and habitat usc within annual calving grounds
s\I!:\!ests that weight-gain was optimized by selection of
th~ ~Innu<ll calving gr~unds. particularly during the first 3

weeks of life.
Cornparalive growth of captive and wild P{)[cuJline

caribou herd (:alves (Parker et al. 1(90) has shown that
wild Porcupine caribou herd calves attain their maximuill
~~(:!~e{k potenti':.ll for d:lily wei ght-gain during, early- to
ill:d·lactation (Gerhart et ,Ii. 1(96). Therefore unrestrictcd
c:<.:!cction of the annual cal ving ground may optimize
',·.'eight-gain of calves for a year- The matching r:lllk ordas
Ilrt'-lDVI_621 in the annual calving grounds and calf
wc'\ghtS:H 3 weeks of age. 1992-1994, support this
cilil<.:ept.

UnreStricted selection of annu;ll calving grounds likely
h;.;j significant implications for the p:lrturient females as
',','el1 ;IS for their calves The ll1atchin~ rank orders of I)
NDVI_621 within mlllual calving grounds, 2) parturient

femalc weights. and 3) parturient female body condition
sC(Jres during peak lactation. 1992-1994, suggcst
substantial contribution of the calving ground 10
parturielll females' lllllritional status. Bccause fall wcights
of panurient females influenec their probability of
conception {Camcron et ai. 1993, C:lmeron and va Hoef
1994, Russell et ;11. 1(98). c:tlving ground habitats may
contribute 10 parturition rmcs in the following year.

Petroleum developmcnt will most likely result in
restricting the location of concentratcd calving areas.
c:llving sites, ,lIld annual c:llving grounds. Expected
cffect~ that could be observed include reduced surviv,ll of
calves during June. reduced weight ,lIld condition of
parturient females :md reduced weight of calves in late
June, ,md. potentially, reduced weight and reduccd
probability of conccption for parturient fcmales inthc

fall.
Whether these factors :lrc additive to annual

performance or arc compensated on wimer range will
determine the nct value of the annual c:llving grounds 10

herd performance. Detcnnining the additivcJ
compensatory nature of allnual calving ground value,
through field and simulation studies, should be the fir~t

research priority in future work
Still unclear is the cause of the decline of the

Porcupine caribou herd (Fig. 3.8) during a period when
calving ground habitat conditions were favorable as a
result of summa warnling. Increased winter JllOrtal ity was
implicated by the herd decline because sub-adult and
:ldult mortality on the c;llving ground has been
ineonscquenti,l1 (Fancy et:ll. 1994, Walsh et al. 1995),
,wd parturition rate and calf survival during June has
remained high during the decline.

Possible mechanisms for this suspected increasc in
off-calving-ground mortality include: I) reduced
IOIl"evitv or adult females as a result of the cumulative

~ -
cncrgetic costs of persistem high parturition and calf
survival during climate warming. 2) incre;lscd energetic
costs of insect harassment:ls the climate has warmed, 3)
reduced availability of winter forage or other adverse
effects associated with increasing frequency of freeze
thaw cvents. 4) thc herd exceeded forage carrying
capacity of winter range, or 5) an increase in some form
of predation (human or natural) on tlte winter range.

Increased frequency of spring and fall icing events on
non-cal \' ing hal)lt;Il.~ of the Porcupine caribou herd (Figs.
3.71l./J) supportS the third hypothesis and lIlay be
implicatcd in the fifth hypothesis (increased predation
mortality). Increased frequency of icing was not evident
on the non-calving ranges of other Alaska barrcn~gr()und

caribou herds that have not declined significantly during
the 1990s (Central Arctic herd, Teshekpuk Lake herd,
Western Arctic herd). Testing the remaining hypotheses
will require subslalllial additional fieldwork.



14 BIOLOGICAL SCIENCE REPORT USGSfBRD 2002-0001

In summary, 4 research-based ecological arguments
Idicatc that the Porcupine caribou herd may be
anicularly sensitive to development within the 1002
;::ll1ion of the calving ground:

tva' nnJiill({;vjrv Q(rht' Pnrrwi!lf Cllri!JQII herd -111e
Porcupine cnribou herd has had the lowest c:lpacity
for growth among Alaska barren-ground herds
(Porcupine caribou herd = 4.9%, Central Arctic
herd =10.8%, Teshekpuk Lake herd =13'70,
Western Arctic herd = 9.5%) :lnd is the only
barren-ground herd in Alasb known to be in
decline throughout the 1990s. lllis low growth rate
(Fig. 3.9) indicMes that the Porcupine caribou herd
has kss capac it}' to accommodate anthropogenic,
biological, and nbiotic stresses than other Alaska
barren-ground herds. Any absolute effect of
development would be expected to have a larger
relative effecl on the Porcupine cariboll hcrd than
on the olhcr herds. For examplc, an approximatc
4,6t,1> rcduction in calf survival, all elsc held equal,
would be cnough to prcvcnt Porcupine caribou
herd growth under the best conditions obserwd to
date (Walsh et al. 1995) or prevent recovery frolll
the current decline. A similar reduction in calf
survival, all c1sc held equal, for other Alaska
bnrrell-ground herds, howcvcr, would not bc
sufficient to arrest their growtll.

lk/lltl1l Hr<II,'<Giliti n(COIlccnrT(I(j'd wid/! R<l.liJlSJ.Ji

thf Cel/tral ATc1jc...£G..!i.lli.lliJJ.cr!i..all'(/v (mm

n,'tm!lICIIl dD:.d.J.)j!III('1l1 jlltra.WTIICWT('S - It is
assullled thm the Porcupine caribou herd caribou
will avoid roads and pipelincs during calving in a
manner similar to the Central Arctic herd if
developmcnt of the 1002 Area occurs. Avoidance
of petrolculll development infrast ructure by
panuricnt caribou during the first few weeks of the
lives of calves is the most consistently observcd
helmvioral response of caribou to devclopmcnt.

l{wk (J(birlhJ/lillilv a!I"l"Iuj«' coli';'!!: }wbiliU
Calving areas in Canada and away from thc Alaska
coastal plain were used only whcllthe Arctic
Refuge l'{lastal plain, including the 1002 Area,
were unavailable due to late snowmelt. Diet quality
on the Canadian portiolls of the calving ground
was substantially lower than on the Arctic Refuge
("oastal plain and i002 ponio!1s oftlle calving
ground. \Vhen snow cover reduced access by
females to the Arctic Refuge coastal plaill and
1002 Area for calving, calf survival during lUlle
was 19~;' lower than when they could calve on the
Arctic Refuge cl):lstal plain and 1002 Area.

Strong link between ca/(suITjva{ nnd free wQl'emenr
n((ema1cr - TIle location of the llilnual calving
grounds and concentrated calving areas was
variable among years in response to variable
habitat conditions and was oftcn coincident with
the 1002 Area, Empirical relationships between
calf survival, forage nv:lilable to fcmales in the
annual calving grounds, and predation risk derived
frolll 17 years of ecologiclll data predict that lunc
calf survival for the Porcupine cnribou herd will
decline if the calving grounds arc displaced, and
that the effect will increase with displacement
disl:lncc. This prediction (Fig. 3.28) is a function
of displacement: I) reducing accesS 10 the highest
quality habitats for f(mlging and 2) increasing
exposure to risk of mortality from predation during
calving (lirst 3 weeks of June).
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(Dauphine 1976, Thomas 1982, Reimers 1983, White
1983, E10ranta and Niemincn 1986, Lenvik et al. 1988,
Thomas and Kiliaan 1991) and survival (Haukioja and
Sal{l\'aara 1978, Rognmo et al. 1983, Skogland 1984,
Eloranta and Nieminen 1986, Adamczewski ct al. 1987).

Those concerns, though justified in theory, lacked
empirical support. With industrial devc!opment in arctic
AI:lska virtually unprecedented, there was little basis for
predicting the extent nnd duration of habitat loss, much
less the secondary sllort- and long· term effects on the
well-being of a particular caribou hcrd.

Furthennore, despite a general acceptance that body
condition and fecundity of the felllales arc functionally
related for reindeer and caribou, it seemcd unlikely that
any single model would apply to all subspecies of
Rmrgila, and perhaps not c-vcn within a subspecies in
different geographic regions. We therefore lacked a
complete underst:lJIding of the behavioral responses of
arctic c:lribouto industrial development. the manner in
which access 10 habitats might be affected, and how
cll,mges in habit:lt use might tr:lnslate into measur:lble
effects on fecundity and herd growth rate.

SPINE ROAD

KUPARUK
PIPELINE

MILNE PT,

N

OLiKTOK PT.

Section 4: The Central Arctic Caribou
Herd

o 5 10 KILOMETERS
EM~.~.'='==ll

From the mid-1970s through the mid-1980s, use of
calving and summer habital~ by Central Arctic herd
caribou (Rangifa tarafldlls gmnti) declined ncar
petroleum development infr:lstructure on :\I:lska's arctic
cO:lstal plain (Cameron et a!. 1979; Cameron and Whitten
1980; Smith and Cameron 1983; \Vhillen and Cnllleron
1983a, 1985; Dau and C:llllcron 1986).

With surface development continuing to expand
westward from the Prudhoe Bay petroleulll development
:m::a (Fig. 4.1), concerns arose that the resultant
cUlllulative losses of habit:!t would eventually reduce
productivity of the caribou herd. Specifically, reduced
nccess of adult females to preferred foraging areas lllight
adversely affect growth and fallening (Elison et a1.1986;
Clough ct:ll. 1987). in turn depressing calf production

Raymond D. Cameron, Walta T Smith, Robert G. Whitt',

and Brad Griffirh

FIgure 4.1. Petroleum development irlfrastruclure in the Prudhoe Bay and Kuparuk peiroieuill development areas, Alaska, showing primary and
secondary roads. pipelines. and gravel pads, 199~.
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Our study addressed the following objectives: I)
estimate variation in the size and productivity of the
Central Arctic hcrd; 2) cstimate changes in the
Jistriblllion and l1lovements of Central Arctic herd
caribou in rdation to thc oil ficld dcvelopment; 3)
estimate thc relationships between body condition and
rcproductivc performance of female Central Arctic herd
caribou; and 4) compare the body condition, reproductive
success, fUld offspring survival of females under
disturbance-free conditions (i.e., cast of the
Sagavanirktok River) with the stmus of those exposed to
petroleum-relatcd development (Le., west of the
Sagavanirktok River).

Status of the Central Arctic Herd

Photocensus results indicate net growth of the Centml
Arctic herd from 1978 through 2000 (Fig. 4.2). Within
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Figure 4.2. Pholocensus estimates of lhe Cenlral Arctic caribou herd,
1978-2000 [Whitlen and Cameron 1983b; Alaskii Department of Fish
and Game (AOF&G) files] and net calf production based on
obsel\'alions 01 radio-collared adull (i,e" sexually.mature} females
lrom 10 June through 15 August (ADF&G files). Nole: Procuclivity dala
not adjusted for differences in sample sizes east and west of lhe
Sagavanirktok River, Alaska,

that long-term trcnd, however, there was an abrupt
decrc:lse from 1992 to 1995. This decrease coincided with
calf production estimates at or bclow approximatcly 70%.
Steady growth thereafter was associated with productivity
estimatcs consistcntly exceeding 70%.

Development-related Changes in Distribution

Since 1978, changes in the distribution of calving
caribou :lssociated with the Kuparuk petrolcum
development :lrC:l, wcst of Pmdhoe Bay (Fig. 4.1), have
been quantified using stri]HranSecl surveys flown by
helicopter.

After construction of a road system ncar Mi]ne Point,
mcan caribou abund:lnce declined by morc than two
thirds within 2 kill from :l road and was less than
expected, overall, within 4 km; but nearly doubled 4-6 km
from roads (Fig. 4.3) (Cameron et al. 1992b). Prior to
road placcmcnt, caribou were found in a single, morc-or
less continuous concelltration roughly centered where thc
1\-1ilne Point Road was subsequently built. After
COl1stmction of the road, a bimodal distribution with
separate concentrations east and wcst of the road W:lS

clearly apparent (Fig. 4.4) (Smith and Cameron 1992),
indicating avoidance of infrastructllre by cnlving c:lribou.

'nese results suggest thai roads spaced too closely
will depress calving activity within the entire oil field
complcx. In fact, relative occurrence of caribou in the
heavily-developed western portion of the Kuparuk
petroleum development area declined significantly from
1979 through 1987, independent of total abullll:lnce (Fig.
4.5) (Culleron et al. 1992b) .
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Figure 4.3. Fraclional changes in mean densit1' or caribou from the
Cenlral Arctic herd bet,'1een pre·construction (1978-81) and post
conSlruction (1982-87) periods for 1-km·dislance intervals from the
Milne Point road system in the Kuparuk petroleum development area,
Alaska. (from Cameron el at. 1992b)
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Figure 4.5. Decline In percentage abundance of canbou from the
Central Arctic herd west of the Mitne Point Road, Kuparuk petroleum
development area, Alaska (Spearman's Rank, P < 0,02), and changes
in tolar numbers of caribou observed north of the Spine Road (see Fig.
4.3), 1979·1987, (from Cameron el al. 1992b)

Figure 4.4. Changes in mean relative distribution of caribou from the
Central Arctic herd in the Kuparuk petroleum dovelopment area,
Alaska, during calving: 1979-1981, 1982-1986, and 1987-1990. Shown
only are those 10.4·km2·lransect segments in which the occurrence of
caribou exceeded the area contribution to total coverage (0.9%).
Gradations in line spacing depict multiples of observed use relative to
availability: \~ide =<3X; narrow = >3X-5X; solid =>5X. {from Smith
and Cameron 1992}

An e.'\]lonelltial decline ill the occurrence of caribou as
density of roads incre:lsed (Fig. ·1.6) (Ncllemann and
C;ulleron 1(98) underscores the sensitivity Ilf the females
dllring the calving period. The probable consequence is
reduced access 10 preferred habitats (Bishop and Cameron
1990, Ncllemann and Cameron j()96, 1993).

Incremental redi.~tribution anti local hahitatloss within
tho.) Kupamk petroleulll development area may have
triggered changes on a regional scale. \VoIfe (2000)
reported an inland shift in concentrated calving ,lctiYity

;t\vay from the I\lilne I\)int petroleum production unit
(Fig. 4.7), apparelltly in reSponse to the increasing density
of infrastmcturc.

Ground observations within the Kuparuk petroleum
dcvelopmcnt area in 1978-1990 provided additional
insights on changing distribution and movements.
Caribou incrcasingly avoided zones of intensive activity,
especially during the calving period (Smith et al. 19(4),
corroborating data from strip-transect surveys. Lower
success in crossing road/pipeline corridors by large
insect-haras.~ed groups (Smith and Cameron 1985,
CllfalOlo and !'vlurphy 1986, l\lurphy and Curatolo 1987,
Murphy 1(88) may have contributed 10 a general shift
from Ihe central KupanJk petroleum development ;1rC:lto
peripheral areas with less slIfface developmcnt and human
activity. Routes of summer moyement arc now primarily
soUlh of OliklOk Point and along Ihe Kuparuk Rivcr
floodplain (Smith e( ;II. Jl)y.lj.
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Body Condition and Reproductive Performance
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Figure 4.7. Shifts in concenlrated calving areas, Central Arctic
caribou held, Alaska, 1980-1995. (adapted from Wolfe 2000)

Thcsc rclationships link the nutritional consequcnccs
uf changes in distrilllUioll tl) thc reproductivc success of
,:ariboll of the Central Arctic herd. \\bt nf the
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An analysis of the summer distribution of radio
collared females in 1980-1993 (Cameron Cl al. 1995)
suggests that caribou usc of the oil field region at Prudhoe
Bay has declined considerably from that noted during the
1970s by Child (1973), Whilcet al. (1975), and Gavin
(l97R). Caribou abundance within the main industrial
compli:x as well as cast-west movcmcnts through that area
were significantly lower than for other areas occupied by
caribou along the arctic coast (P = 0.001 and P < 0.001,
respectively). Conservative calculations yielded an
estim:ltcd 78% lkcreasc in usc by caribou and a 90%
decrease in their lateralmovemcnts (Cameron ct al.
l (95), all changes apparcIHly in response to illlensi ve
devclopmcnt of the Prudhoe Bay to Kuparuk oil Held
region over the past 3 decades. Occurrence of caribou that
usc the complex, however, is reportedly unrelated to
distance froill infrastnJcture (Cronin et al. 19(8).

Figure 4.6. Relationship between mean (SE) density 01 caribou from
the Central Arctic herd and road density within preferred rugged
terrain, Kuparuk petroleum development area, Naska, 1987-1992.
Different lellers indicate a significant difference (P < a.OS). (from
Nellemann arid Cameron 1998)

Reproductivc success of caribou is highly correlated
with nutritlollal statuS. 'lllC probability of producing a calf
varies directly with body weight and/or f:lt content of
sexually-mature females during the prcvious alltullln
(Cameron et al. 1993.2000; Camcron and Vcr I-locI' 1994;
Gerhart ct <ll. 191)7). In cOlltra.q, calving date and
perinatal survival arc more closely rclated!o maternal
weight shortly after parturition (Camero-n ct al. 19(3)
(Fig. ·1.8). The likelihood of conceiving is probably
determined by botly condition at breeding. whereas
parturition dale and calf survival relkct maternal
condition durin£! late gestation.
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Figure 4.8. logistic regres~ions (solid lines ale significant al P < 0.05)
of parturition rale, incidence of early calving (i.e., on or before 7 June),
'and perinatal (>2 days post partum) calf swvwal on autumn and
summer body weights of female caribou, Cenlral Arctic caribou herd,
Alaska, 1987-1991. The empirical percenlages are shol'm al arbitrary
10-kg intervals of body weight. Numbers in parentheses are sample
sizes. The asterisk indicates indusion of one fomale weighing 57 kg.
(from Cameron et al. 1993)

Sagavanirktok River, inlhe petroleum developmcnt zone,
caribou had reduced access to preferred fnraging habitats
Ilcar roads (Ndlelllalln and Cameron 1996) and shifted
their cOIlCelllratcd calving area into habitats with lower
plant biomass (I' < 0.001) (Wolfc 2(00). In contrast,
foragc biolllass remained constant (I' = 0.23) within
concentrated o::alving areas east of the Sagavanirktok
Hiver where no (levc!opment was present (Wolfe 2000)
(Fig. 4.9).

Repeated use of lower-quality I.:alvi ng habiwts may
rcduee forage illlake by females calving west of the
Sagavanirktok River. Likewise, impaired SUllllller
movelllelllS between insect rdid habitat and inl:H1d
feeding areas could depress ellergy halance (Smith 1996)
and, hence, rates of weight~gain.

Indeed, sl:veral data sets suggest rl:dllccd nutritional
stal\lS and fecundity of radio-collared females exposed to
oil deve lopmel1t west of the Sagavanirktok River.
Estimates of July :llId October hody weights, over
SllJlllller weight-gain, thc incidence of 2 successive-year
pregnancies, and jk'rinatal calf slll"\'lv:l1 all tended 10 be

---z . 1 ;~
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Figure 4.9. Changes in median Normalized Difference Vegetation
Index (NOVI} on 21 JUrle for concentraled C<lIYing areas 01 the Central
Arctic caribou herd in the study reference zone (relatively
undeveloped) and treatment zone (developed} easl and west of the
Sagavanirktok River, Alaska, respectively, 1985-1995. (from Wolfe
2000)

lower for fcmales to the we,,1 than for those under
disturbance-free conditions to the cast, aHhough
individual differences were not significant at the 95%
confidence level (Cameron et al. 1992a).

In a more rccent analysis of data for 1988-1994,
howcver, mean parturition nlte of females I.:alving west of
the SagavanirklOk River was less than that of females
calving 'cast of Ille Sagavanirkwk River, 6V.1o vs. 83%,
respectively (I' = 0.003, Table 4.1) (C':Hneron 1995).
Corresponding frequencies of repmdudive pauses
(Cameron 1994, Cameron and Vcr Hoef 1994) werc
significantly higher (I' < o.m, I-test, ratio method) in the
weSt (36<;~" 26 of 73 observations) compared with the cast
(19'.";', 12 of 64 observations), IJr approximately one pause
every 3 and 5 years, respectively (Cameron 1995).

The key constraint on repfllduction is lactation, which
exal.:!s a substantial I.:ost Oil sUll\mer weight-gain, in turn
innuenclng the probability of conceiving that autumn.
During 1988-190 I, weights of alllact:lllng Central Ardll.:
herd femaks sampled :lveragL'd 9 kg less than



ARCfIe REFUGE COAS'I:<\L PLAIN TERRESTRIAL WILDLIFE RESEARCH SU1'.'[1'.IARIES 43

·-......PottunbO<l
R~!•• O.ell

Autumn Body WoJOht (kll)

.i· .. ·......

, ...

1996-2000 (Fig. 4.2) Sllgg~sls the prevalence of forage
and inscct conditions that cnhanced growlh and f:lll~ning

dcspite the d~Jllands of milk production and presence of
induslrial aClivity. With the opening of the Badami
pelroleum development area cast of the Sagananirkrok
River in 1996, howevcr, the undisturbed status of lhal
arca was compromised. rendering funher comparisons
qll~slionable.

Clearly, anthropogenic impacts on caribou mllst be
identified and :Iss~ssed within the framework of a variable
natur:ll environment. Favorable foraging and insect
conditions would allenuale lhe conseqllenc~s of
disturbance-induccd changes in quality of occupied
habilats. Conversely, adv~rsc conditions would exacerbate
those same lypes of consequences. Unless analys~s arc
hased on multi-year observations of marked individuals
and incorporate comparative data on all undisturbed
control or reference group. conclusions will be equivocal
al best. For example, absent a valid baseline, net growth
of the Central Arctic herd (Fig. 4.2) is no b~H~r evidence
{)f compatibility wilh developmenl lhan a net decline
would be evidence of a conflic\.

111e crucial consideralion for the fUlure of lhe Ccntral
Arctic herd and other arclic caribou herds is whether
changes in distriblllion associated with surface
de\'<.~loplllent, by depressing repmdtKtion \)r survival, will
either reI ani an incrcase in herd si1.c or accelerate a
decrL'asc.

Our data, in fact, indicate that productivity can and
wi II decline if the clllllulalive loss of preferred habil:lt,
when superimposed on natural forces, is .~ufficient to
compromise Ilutrition.

FIgure 4.11. Dislributions of observed autumn (Oelober) body weights
for laclating and nonlactating female caribou from the Central Arctic
herd. The associated parturition rales are inlegrated estimates derived
from lhe logistic model (Fig. 4.8). (from Cameron and While 1992)

Overview

% Parturient (n)

Year West East

1988 72.7 (ll) 100.0 (8)

1989 53.8 (13) 77.8 (9)

1990 83.3 (12) 100.0 (7)

1991 45.5 (11) 75.0 (12)

1992 72.7 (11) 75.0 (12)

1993 55.6 (9) 62.5 (8)

1994 66.7 (6) 87.5 (8)

Table 4.1. Parturition status of 43 radio-collared female caribou8,Centra)
Arctic herd, west and east of the Sagavanirktok Riverb, Alaska, 1988
1994. West includes the Prudhoe Bay and Kuparuk oil fields; easl was
generally free of disturbance during thai time. (data from Cameron 1995)

a All sexually malura.

b rndlviduallocaUons conslstonlly west or cast lor 2-7 years during
tho calving period.

Host, paired comparisons, P=O.003.

llonlacl:lting fcmales (Fig. 4.10). This resulted in a
projectcd 28% lower parturition ratc for the laclating
femalcs (Fig. 4.11) (Carm:ron and Whitc 1992).

Lower parturition rates of fell1<1les wc-st of the
Sagavanirktok River during 1988-94 (Table 4.1) may
reflect a failure \0 compensale for the metabolic burden of
milk production (i.e., through increased forage intake or
reduced energy cXJlcnditure). Hence, those fernaks of the
Cc-ntral Arctic herd that Ilsed thc dcvelopmcllt zone were
in consistently poorer condition in autumn, expericnt:ed
llIOTe frequcTlt reproductive pauses, and produced fewer
calves (Fig. 4.2).

Yet the degree to which laclation constrains weight
gain docs vary. An increase innel calf production during

Moan parturlUon rato% 64.3'·± 5.0 82.S";!; 5.3

Figure 4.10. Mean (SE) body weights of lactating and nonlactating
female caribou from the Central Arctic herd. Alaska, in summer (July)
and autumn (October). (from Cameron and White 1992) 'Significanl at
P< 0,001.
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Section 5: Forage Quantity and Quality

Janet C. JOI:q •.'II.\OI/, Mark S. Udt'l'it:., alld Newey A. Felix

The Porcupine caribou herd has tr:lditionally used the
coastal plain of th~ Arctic National Wildlife Refuge.
Alasb. for calving. Availability of nutritious forage has
been hypothesizcd as one of lhe reasons the Porcupine
caribou herd migrates hundreds of kilometers 10 reach the
coastal plain for calving (Kuropat and Bryant 1980.
Russell et al. 1993).

Forage quantity and qual it)' ;}nd the chronology of
snowmdt (which determines availability and phenological
stages of forage) have been suggested as important habitat
attributes lhat lead calving caribou to select one area over
,wother (Lent 1980, White and Trudell 1980, Eastland et
al. 1989). A majorqu~stion when considering the impact
of petroleum devdopment is whether potential
displacement of the caribou from the 1002 Area to
alternate c:llving habitat will limit access to high quantit),
and quality forage.

Our study had the following objectives: I) quantify
snowmdt patterns by area~ 2) quantify relationships
among phenology. biomass, and nutrient content of
principal forage species by vegetation lype; and 3)
detemline if traditional concentrated calving areas differ
from adjacent are:ls with lower calving densities in terms
of vegetation characteristics.

We investigated caribou forage in 2 areas: an
historically tr:lditional calving area entirely within the
1002 Area and :In :ldjacent displacement area entirely
outside of the 1002 Area (Fig. 5.1).

111e traditional calving area was defined during the
1002 Area baseline biological studies as the area of
intensive calving use during [0 of the 14 years studied
from 1972 to 1985. Importance of this area was upheld by
data on calving locations from later years.

Availabil ity of potential displ:lcement areas is limited
here becausc the eoast:l1 plain narrows as lhe rugged

'-
, ~ " "

Figure 5.1. Map of c.3ribou forage sludy area. Porcupine c.3ribou herd,
on the coastal plain ollhe Arctic National Wildlife Refuge, Alaska.

Bmoks Range mountains approach the Beaufort Sea. The
displacement :lre,L cho.'ien for comparison was located to
the south and east of the 1002 Area in the only [Jan of
Alaska's North Slope thaI is a designated Wildemess
Area.

The displacelllel1l area had topography similar 10 lhe
lraditional area: a mix of rolling foothills and Ct);lsta[
plains. It lay along lhe spring migration route typiCillly
traversed by the Porcupine caribou herd. Female caribou
have calved in this area. especially during years when
snow melled late (Fig. 3.18).

We gathered data at both study areas during the
caribou calving period in early June of 1990 and 1991.
Fifly-five 30m x 30m study sites in 1990. and 45 in 1991,
were loc:lted at the intersections of grids positioned
r:lndomly ovcr the entire study area. We sampled during 3
periods in 1990 (311\Iay-) June. 8-12June, :ll1d 19-22
June), and 2 periods in 1991 (4-6 June and 9- J3 JUlie).

Data were collected on 4 prevalent plant species
identified in the literature as impL)rtant forage for caribou
on Alaska's North Slope: ErioJl/1orum vllgil/(l/um (lUssock
cottongrass). E. (ll/glIstiloliulII (tall eOllongrass). Cart'.\·
at/limitis (aqu:ltic sedgcl, and SlIli.\' pfmrijolia ssp. Jlllfdmi
(diamond-leaf willow) (Thompson :ll1d !'.1cCourl 1981,
Russell et al. 1993).

At each study site. for:lge quantity data were collected
in 14 I-Ill: quadr:lts along 2 randomly-located transects.
Phenology data were collected at the same 14 quadr:lts,
plus 20 3-m: quadrats located on 2 additional random
transects, Tussock cOllollgrass inl10rescences and
diamond-leaf willow \ca\'es were colleeled on transects
for analyses of nLJlriel11 and fiber content at a r:lndolll
subsamp\c of sites during 1990 only.

Wc compared the tr:lditional and displacement calving
areas by measuring thc following characteristics:
distributions of vegctiltion types, snowcover. plant
biomass, nUlri~nt and fiber eOlllen\, ;md phenology.

Non"p:lramctric analysis of variancc using a repeated
measures design was used to test for differences between
the calving are:1S and between sampling periods (time).
Analyses were conductcd individually for each parameter
in each year.

Inter,Lctions between area and tillle were tested with
1\-1anll-Whitney tests (Conover 1980) of area differenccs
for each time contrast ill a full orthogonal set. If
interactions were insignificant (/' > 0,(J5), area differences
were tested wilh Ivlann- Whitney tests based on the Illeill\
valuc for all s:llnpling periods. The differences between
the first :llld last sampling periods were tested with the
sign test using data from both areas. If any inlaaetions
were significant, tests for differences between areas were
conducted separately for eilch sampling period, and sign
tests were conducted sep:lr:ltely for e:lch arei:!.
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Forage Comparisons Within and Outside the
1002 Area

Spring snowmelt was very e:lrly in 1990 and was
Ilearly complete before the calving period. Snowmelt in
1991 was slightly earlier than normal. In 1991, we found
the traditional calving :!rea had more lIfca with partial
snowcover remaining during the calving period than the
displacemelll area (40<;';' vs. 33%, P = 0.02). Some plallls
were in earlier phenological stages in thc traditional area
(Table 5.1).

TIle quantity of new green forage was low throughout
both study areas during the calving period in both years
even though snow melted earlier than normal (Table 5.2).
Only tussock cOllongrass flowers appeared 10 be readily
available for forage during the peak of calving. 111e 2
other sedges had very little new growth. The willow,
which is the major forage species latcr in the summer,
leafed out only at the end of the calving period. The
tundra appeared brown and no other plant species were
producing abundant new growth during the calving
period.

Four forage species were quantified Cfable 5.3).
Tussock cottongrass !lowers had much higher biomass in
the traditional calving area than in the displacement area
in both years, although the difference wa~ statistically
significant only in 1991. Tussock coltongrass was

uncommon at the displacement area sites. The 2 other
sedges had very low cover and no significant differences.
Diamond-leaf willow did not leaf out during the study
period in 1991, but in 1990 willow leaves had gre(lter
biomass in the traditional calving an~a when they leafed
OUI.

Tussock cotlongrass flowers and diamond-leaf willow
leavcs were tested for forage quality throughout the slUdy
period in 1990 (Table 5.4). Higher nutrient concentrations
increase forage quality, while higher fiber and lignin
concelllrations dccrease digestibility. Both plant spccies
tendcd to have greatcr forage <juality ill earlier
phenological stages than in later stages. Tussock
cottongr:lss flowers had greatcr forage quality in the
tradition:ll calving area than in the displaccmellt area.

Distributions of vegetation types were distinctly
different betwcen the 2 areas (fable 5.5). '111e traditional
calving area had greater cover of 2 vegetation types
imponant for caribou forage: tussock tundra and moist
sedge-willow tundra. The displacement area had greater
cover of early succession vcgetation types such as Dryas
rivcr terr<lces and barrcn or panially vegetated ground due
to the greater extent of !loodplains in that area. Tussock
tundra is a late-succession vegetation type and is nearly
absent from lloodplain terrain (Jorgenson et al. 1994).

The displacement area also included the highest
elevation foothills where development of tussocks is

Table 5.1. Median phenological slagesaor major forage species in the Porcupine caribou herd's lraditiorlal caribou calving area (C) and potential
displacement area (D) on lhe coaslal plain of lhe Arclic Nalional Wildlife Refuge, Alaska.

1990 31 May- 03 Juno 08 - 12 June 19-22Juno

C D C 0 C 0 Amab Tlmoc

Tussock coltongrass 3 3" d 3 3"d 3
.. P.:O.Ol4

Tall collongmss 2 2 2 2 P"O.60 "
Aquatic sedgo 2 2 2 .0=0.44

Dlamondloaf willow .. .. P"O.Ol2 2 2 3

1991 04 -06 Juno 09-13June (no sampling)
•r c 0 c 0 Aroab Tlmac

Tussock collongrass 2 2 3 3 P=O.85

I Tall collongrass .
i P=O.04 "• 2i',

Aquatic sC!dge 2 2 P::O,83 "'
Dloffiondtoaf willow 0 O"d 0 P.:O.Ol

• P< 0.05, •• P.: 0.01, ns _ no significant dilforence., Phenological stages: Tussock coltongrass, 1 := boot stage, 2 := early flower, 3 := lullllower, 4 := s(){)d; Tall cottongrass and
Aquatic sedge, 1 := vegetatlvo .: Scm, 2 := vegetative;> SCm, 3 := early 1Iower, 4 := full nower; Diilmondleaf willow, 0 == no now
grO\~1h. 1 == bud swollon, 2 := leaf unfolding, 3 := full lea"

b SlgniHcallCo lovel for difference between oreas averaged over all periods., Significance level for chango boN/eon first and last sampling period.
d Phenological stage signllicanUy i'luvanced, allhough median valuos wore lhe same.
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Tabla 5.2, Medianabiomass (g/m2)and percent cover of 4major
caribou forage species in the 5 mosl common vegetation types on the
coastal plain of the Arclic Nalional Wildiife Refuge. Alaska. during the
Porcupine caribou herd's calving penod. June 1990.

glm~ 0.00" 0.881le O.OOJJl O.83c 3.2Sc

a Values are medians for all siles. with site vatues obtained as
moans for 3 times. Medians with the sarno supem::ript were
nol slgnificanUy differont (P.:: 0.05).

b Vegetalion types; WG ::: weI gramlnoid tundra. MS ::: moist
sedge-wiflow tundra. MSD ::: moist sedge-Dryas tundra. IT:::
tussock tundra. ST::: low shrub tundra.

Tall COl1onqrass

% cover 1.2A1l 1.4" O.Se O,4e O.Sue

Aquatic slX1q!)

% cover 0.9' 0.,' O.OB 0.0" O.OB

DjamQndloilf willow

poorer than inlhc lower foothills of t}lC traditional calving
area. Glacial lobes covered about olle·fiflh of the foothills
in the displacement area during Ihe most recent glaciation
that ended -10.000 years ago. lllese recelllly deglacialed
areas have very little tussock lundra (Jorgenson 1984).

Different distributions of veget3tiontypes may explain
Illost of the differcnces found in fornge quantity and
quality bctween the traditional and displacement areas.
Tussock cotlollgrass nowers had greuter biomass and
forage quality in the tussock tundra type compared with
other ,'cget3tioll types (Tables 5.2 and 5.6). The greater
biomass of flowers in the traditional a.rea mainly resulted
frolllthe greater eXICnt of tussock tundra. No consistent
differences in flower quantity or quality between tussock
tundra in the traditional calving an~a ;llld tussock tundra in
the displacement area were observed.

The location of the Porcupine caribou herd traditional
calvin!! area is greatly influenced by veget:llion type
distributions and snowmelt patlerns across the Arctic
Refuge coasl:ll plain. lllese factors appear to detennine
the quantity and quality of forage availablc to Ule caribou
during calving.

Because of the low amount of for:lge available during
the calving period. the differences in vegetation

STITMSD

.:: O.OlAlJ 0.04e 0.031lC

VegataUon TYPesb

MSWGSpecies

Table 5.3. Median densily (no/m2). biomass (gfm2), and percerll cover of major forage species irlthe Porcupine caribou herd's lradiliorlai caribou
calving area (C) and polpnlial displacement area (0) on Ihe coastal plain of the Arctic NatlQnal Wildiife Refuge. Alaska.

1990
31 May- 03 June 08-12June 19 - 22 Juno

C D C D C D Area!! Tlmeb

Tussock collongrass flowers

nolm2 0.6 0 0.5 0.2 0.2 0 P=0.87 "'
o'm2 0.02 0 0.01 <: 0.01 0.D1 0 P=1.00 n'

Tall collongrass

% cover 0.' 0.4 0.6 0.3 0.6 0.2 P:::0.93 '"
Aquatic sedge

% cover 0 0 0 0 0 0 P=Q.72
.,

Dlamondlear willoW leaves

o'm2 0 0 0 0 2.0 0.3 P=O.10

1991
04 ~ 06 June 09-13June (no sampling)

C D C D C D Areaa Timeb

Tussock collongfllss flowers

no/m2 2.7 0.0'· 3.5 0.0·· P<:0.01 n'
o'm2 0.09 0.00·' 0.11 0,00·· P<:O.Ol n'

Tall cottongrass

% COver 0.2 0.3 0.3 0 P=O.68 n'
Aquatic sedge

% cover 0 0 0 0 P=Q.oa .,
• P <: 0.05, •• P <: 0.01. liS no significant difference.
4 Slgnillcance levol fQr difference bel\veen areas avoroged over 311 periods.
b Significance Jevel for change between first and lasl time periods. If the significance levels diflorod betwoen areas. both are

shown (C/D}., last sampling period with significantly hlghar cQvor, although median valuos were tha sarna.
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Table 5.4. Median nlltrient and fiber concentrations {percent of dry weight) of 2 major forage species in different phenological stages in the
Porcupine caribou herd's traditional caribou calving area (e) and potenlia! displacement area (D) on the coastal plain of-the Arctic National
Wildlife Refuge, Alaska.

Early Flower Full Rower Sow

Tussock coltongrass C 0 C 0 C 0 Areaa Tlmab

Nitrogen 2.8 2.6
..

2.2
.. P=O.Ol "'2.5 2.2 2.4

Phosphorus 0.49 0,45 0,46 0.38
.

0.36
. P:0.03 'Ins0.38

Calcium 0.18 0.16 0.13 0.12 0.14 0.11 P=0.25 "'
Neutral detergent fiber 55.8 58.0 58.2 62.7 66.8 65.9 P:0.07

AcId detorgent fiber 16.5 18.4 19.0 ..
22.8

.. P:O.Ol20.4 23.2

Ugnln 2.3 2.6 2.5 2.3 1.9 1.9 P==O,43 "'
n (II of slles) 6 7 8 15 8 14

leaf Unfolding Full leaf

Dlamond/eaf willow C 0 C 0

Nitrogen 3.7 3.4 2.2 2.2 P=O.27

Phosphorus 0.50 0.47 0.18 0.17 P=0.79

Calcium 0.51 0.49 0.62 0.59 P=Q.34

Neutral detergent tiber 22.2 22.4 25.0 25.6 P=0.71

Acid detorgont fiber 16.3 15.6 17.0 17.7 p..O.71

lignin 10.3 9.4 8.8 9.4 p,.O,43

n (II of siles) 8 8 8 8

, P< 0.05, .. P< 0.01, ns _ no significant dilference.
0 Significance lavel for difference between areas averagod over all periods.
b SIgnificance level for chango between first ond last lime periods. If tho slgnifk:anco levels differed between areas, both are

shown (C/O). A1ltosts for tussock cottongrass Inflorescences wara of lull flower and soed stages only.

Table 5.5. Dislribulion ofvegelalion types (percent of area) in the cariboll habitlt study area (Fig. 5.1) based on an independent sample of756
systematically-located vegelation plots on the coastal plain of the Arctic National \Vildlire Refuge, Alaska.

Vegetation Type Entire Calving Habitat Traditional Displacement Calving
Coastal Plain StUdy Area Calving Area Area

Tussock Tundra 22 30 39 21

Moist Sedge·Willow Tundra 30 25 31 19

lolV Shrub Tundra 7 11 8 13

Moist Sedge·Dryas Tundra 12 9 7 12

Wet Graminold Tundra 13 8 8 7

Dryas River Terrace 3 7 13

Riparian Shmblands 2 3 3 3

Barren 2 3 3 4

P<lr1ially Vegetated 2 2 <1 5

Water <1 2 <' 4
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Table 5,6, Median nutrient and fiber concentralions (percent of dry weigh!) of tussock collongrass inflorescences in different phenological stages
compared oolvieen tussock lundra and o!her vegetation types on !he coastal plain of the Arctic National \'Vildlife Refuge, Alaska.

Full Flower Sood

n" Other n Olher Stage

Nilrogen 2.4
..

2.4 Po:: 0.012.0 2.1

Phosphorus 0.43
..

0.39
..

0.34 0.35 P 0:: 0.01

Neutral detergent liber 60.0 63.6 66.2 66.7 P '" 0.25

AcId datergent fiber 19.7 21.8
.

22.8
.

P""0.0423.6

lignin 2.6 1.1 1.9 1.9 P", 0.03

nlilolsiles} 17 6 16 6
• P 0:: 0.05, ··P<.O.Ol

a IT '" tussock tundra; Other'" all other vegetallon typos that had tussock collongrass inflorescences lrlcluding moist sedge-willow
tundra, moist sfrdge-Dl)'as tundra, and shrub-dominated tundra.

characteristics found between the 2 areaS studied arc
probably biologically impOrtillll and could affect cnlving

success of the herd if pctroleum development causes thc

displacement of c,llving caribou Out of the 1002 Area into

adjacent arcas with lower forage valuc,
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Factors Associated with Predator Distributions

.Gri~zly bear distributions during the caribou calving
penod III C;lrly June appe:lred to he inl1uenced bv a
combination of faclors including seasonal habit;t
selection pallcrns, annual variations in sllOwmelt, and
annual diStribution patterns of calving caribou

Within-year (1983-1993) spati:lI,listributio·n patterns
l)f radiO-COllared grizzly bears tJid not differ among time

I
I
I

I
I
I
I
I

I
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Calving caribou (Rallg/fer ranmdlls) of the Central
Arctic Iwrd, Alaska, have avoided the infrastructure
associated with the complex of petroleum development
areas [rolll Prudhoe Bay 10 Kuparuk (Cameron CI a!. 1992,
Ncllcmann and Cameron 1998, and Section 4 of this
documellt). Calving females of the Porcupine caribou herd
lllay similarly avoid any oil field roads and pipelines
developed in areas traditionally used during the calving
and post-calving periods. This may displ.1cc the c:lribou
(emaIL's 3ml calves to areas cast and sOlJlh of the 1002
Area of the Arctic National Wildlife Refuge.

Increased calf mortality could occur if calving caribou
arc di~placed into areas that have a higher density of
predators, higher rates of predation, or where a higher
proportion of the predators regularly usc caribou as a food
source (Whillcn et,ll. 1992).

Qur study assessed predation risks to caribou calving
in the 1002 Area versus calVing in potential displacement
areas. Due to funding constraitlls, our research focuscd on
grizzly bears (UrSlls ilretos), with wolves (CallIIS II/pus)
and golden eagles (:1quila ehr)'S{1l!tos) receiving only
cursory aUention. Our research objectives were I) to
t:ollljJ;lrC rcla tive ,lbundancc \} f prCtl.ltors within the 1002
Area with thai in adjacent periphcml areas, 2) to
determine fat:tors :Jffecting predator abundance on the
calving grounds, alld 3) to quantify the \lSl: of caribou as a
food source for predators and the importance of caribou to
the producti vity of predator populations using the coa.,tal
plain of the Arctic National Wildlife Refugl:.

To al·curately describe the activities ofpretJators
rdativc to calving caribou, We divided the study area into
3 naturally occurring physiographic zones: wastal plain,
which included Virtllally all of the 1002 Area « 300 III

elevation); foothills (301-900 1lI ek"ation); and mountains
(> 900 III elevation).

Landscape II.~C distriblilions were estimated with fixcd
kernel analyses ll.~ing Least Squares Cross Validation
(Silvcnnan 1986, Seaman et al. 1996, 1998, 1999).
COIlce!ltra{Ni liSt' art'as were defined as the utilization
contour that included sites with gr~'ater than average
density (Seaman et;ll. 1998). In all cases, sampling was
limited to the llonh .,Iope of the Brooks Range.

Eagle distribution estimates were based on aerial
Stlrvey locations of 202 nest structures that \I'ere no doser
than I km from adjacent stntctures. Wolf distribtllioll
estimates wcre based on al:rial survey locations of 22 dens
ill the Arctic Rclitgc and Ilnrthwcstcm Yukon lcrritorv,
Canada. Addition.ll \Volf dens in the foothills and .
illlmnlains to the ea.'t of tlle l'stimated wolf t:oncelltr.tlcd

use area probably existed, but were not documented in the
analyzed data set.

Grizzly bear distributions were estimated annually,
based on 23-60 annual locations of radio-collared bears
during the first week of June, 1983-1994. No grizzly
bears were radio-collared in Canada. Grizzly bear habitat
use was investigated using Chi-square tests (Neu el
a!. 1974). Distance-based tests of independence (Diggk
and Cox 1983) as well as analysis of variance procedures
were used to COmpare grizzly bear and calving caribou
distributions.

Predator Distributions

Predators (grizzly be,lrs, wolves, and nesting golden
eagles) in general were more abundallt in 11le foothills and
Jllountains than on the coastnl plain (Fig. 6.1). The
distribution of grizzly bear radio-locations relative to the
coastal plain, taothill, and mountain zones was 11011
f:1lldOIll (P < 0.0001, Chi-square).

In all years, the foothills received greater usc by bears
than expected, whereas the coastal plain received less use
than expected (P < 0.05), except in 1990 when the coastal
plain was used in proportion to its availability. We
hypothesize that bears were more :lbundant in the
foothills because the rolling hills proVided greater
diversity in topogr3phy, vegetation, and phenology than
the l1atter coastal plain. Other studies have reported lower
grizzly hear densities 011 the arctic coastal plain th:m in
the fOOlhills of the Brooks Range (Miller et a1. 1997.
Reynolds 1979).

Radio-collared wolves were more likely to be found in
the foothills (55%) and mountains (36%) Ulan on the
coastal plain (9%). All active wolf dens (n = 11) were
located in the 1ll01llltnins, with the exception of one den
located ill the foothills. Since 1982, there havc been lIO
reponed cases of wolf deliS on the coastal plain of the
Arctic Refuge.

All 170 golden cagle nest SlnlCIUrcs, including 22
active ncst sites, that were located within 30 km of the
1002 Area were found in thl: foothills and mountains
(Young et al. 1995). Subadult golden eagles, howl:ver,
were ,1bundant on the Arctic Refuge coast31 plain and
foothills where their distribution.~ coincided with those of
calving c:lfibou.
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Figure 6.1. Distribution of a) golden eagle (Aquila cllfysaeloS) nest structures, b) wolf (Canis lupus) dens, and c)
griZZly bears (Ursus arc/os) near the calving grounds of the Porcupine caribou herd. Solid yellow lines enclose
concentrated use areas (CUA. siles with grealer lhan average observation density). solid while lines delineate 99%
use distn'bulions (UD), and the dashed red line delineates the approximate 300-m·elevalion boundary between the
coastat plain and foothill/mountain physiographic lones. The ouler pen'meters of all annual griZZly bear fixed kernel
estimates of CUA and 99% UD are depicted.

period~, whereas concurrent distributions of cal\'ing
caribou did differ. This suggests that annual grialy bear
tlislriblllions were inOuenced less by the distribution of
calving caribou than by other factors (e.g., annual
snowmelt pallerns). Among-year differences (1' < 0.05) in
grialy bear spatial distribution panerJls suggest that
;\lInual variations in snowmelt contribute 10 annual bear
distribution patterns.

Radio·collarcd grizzly bears were relocated more
frequently on the coastal plain in years when snowmelt
occurred early (38.9%) or normally (23.S'ib), ,IS in 1990

and 1989, respectively. than in years when snowmelt
occurred late (12.1'.',,). as in 1988. Distributions of radio·
collared bears and caribou cows with calves tended to be
positively associated in 1988 :l11d 1989 (i.e .. years of late
and normal snowmclt. rcspectively, when calving
occurrcd primarily in the foothills). and negatively
associated in 1990 (i.e.. a year of carly snowmelt when
calving occurred primarily O!1 the coastal plain) (Young et
a1. 19(4).

Analyses of concurrent grizzly bear and calving
caribou distributions in 1983-1993 indicated that bears

I
l:
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selected high or medium caribou density zones in 5 of 9
(56%) years, but avoided the highest density of caribou in
2 (22%) years. Two ye:lrs were not comparable.

During the caribou calving period, radio-collared
wolves were located primarily in the mountains and
foothills where their activity was associated with den
sitcs. All known wolf dcn sites on thc North Slope of the
Arctic Refuge have been locatcd in the mountains and
foothills. Thus, the avai labilily of suilable: den sitc.~

appears to be the primary factor innuencing wolf
distributions during the calving period.

Factors affecting the distribution of nesting golden
eaglcs differed from those of subadult birds. Nesting or
adult birds sought suitable nesting habitat on cliffs found
primarily in the foothills alld mounlains in proximity 10

colonies of Arctic ground squirrels (Spermophilus parry's),
their primary prey (Young et al. 1995). Subadult birds
appeared to be associated primarily with distributions of
calving caribou.

Rates of predation

Use of caribou as a food source varied among and
within predator species. Of 26 gri7.Zly bear observation
surveys that were stlccessfully completed (>1 hr), 8 (31%)
included a kill of a caribou calf (Young and l\kCabe
1997). Kill rates of caribou calves ranged from 1.0 10 6.3
killslbear unit/day; a bear unit being a solitary individual,
a family group, or a male with I or more consorts.

Trends in the data suggested that bears were more
likely to encoullIer and kill caribou calVes as calving
density decreased. This suggests that predator swamping
may be an effective anti-predator strategy by calving
females of the Porcupine caribou herd with respect to
predation by grizzly bears.

Radio·collarcd wolves were relocated in the vicinity
of caribou 34% of the time and on caribou carcasses 9%
of the time. Productivity was similar (P > 0.05) between 3
lVolf packs with access (4.3 pupsflilter) and I pack
without access (4.2 pups/litter) to the traditional caribou
calving grounds. Because there are few wolves (20-40)
and their distributions are usually separated from tho.'ie of
calving caribou, wolves kilt relatively few caribou during
the calving period.

Based Oil prey remains collected at nest sites, 1988
1990, we observed little evidence of use of caribou by
nesting golden cagles. Ground squirrels were their
predominant prey (Young et at. 19(5). Subadult birds,
however, arc important pretbtOfs of cal\'illg caribou
(Whitten ct at. 1992; sa (lim sCcriVlI 3 (lIth;s rqwrr).
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Figure 7.1. Number of muskoxen observed in the regions first
occupied after reintroduction - the 1002 Area. Arctic National Wildlife
Refuge, Alaska, USA, during spring censuses, 1982-2001

(95% contour) were used to document changes in
distribution and range expansion over time.

Locations of muskoxen sc:en during seasonal muskox
surveys in the Arctic Refuge, as well as locations of
mixed-sex groups seen during other studies, were used to
docuillent the Continued expansion of the population
distribution fromI994-200J. Reconstructed models of the
population estimating maximulll and predicted population
growth were used to evaluate how changes in calf
production, survival, and emigration affected local
abundance of muskoxen.

The Arctic Refuge's reestablished population of
muskoxen grew slowly for a few years and then increased
rapidly for more than a decade (Reynolds 19980).
Between 1977 and 1981, the population grew at r = 0.24,
a rate approaching nlilximum growth. In 1986,368
muskoxen were counted in the 1002 Area but after 1986
numbers of muskoxen declined (Fig.7.1). The r:\te of '
increase slowed to 0.14 in 1982-1986 and to <0.00 in
1987-1995.

11le rme of population growth (r =0.14) in 1972-1996
(Reynolds 19980) was similar to rates recorded for other
e;o;panding populfltions of lIluskoxen in Alaska and
Canada (Spencer and Lensink 1970, Gunn et al. 1991).
An introduced population of llIuskoxen in Greenland was
still imlpting 25 years after release, but those animals
were in an area of abundant high-quality forage with no
predation and low snowfall (Olesen 1993).

ln 1996-2001, numbers of muskoxen counted in the
1002 Area ranged from 16810 212 (P. E. Reynolds, U.S.
Fish and Wildlife Service, unpublished data) and indicate
that muskox abundance is still declining slowly (Fig. 7.1).

Factors affecting changes in the number of muskoxen
in the 1002 Area of the ArctiC Refuge included changes in
rates of sllccessful reproduction and sun'ival as well ns
changes in animal distribution.

Calf production was the only source of increase in this
reestablished population; a lack of adjaccnt populations

Section 7: Muskoxen

Patricia E. Reynolds, Kenneth J. lVi/SOli, and David R.
Klein

Dynamics and Range Expansion of a
Reestablished Muskox Population

Muskoxen (O~'ibos moschatlls) disappeared from
Alaska in the late 1800s, but relUrned to the Arctic
National Wildlife Refuge when animals were
reestablished into areas of former range in 1969- I970
(Klein 1988). Released at Barter Island (Kaktovik) and
the Kavik River, Illuskoxen initially moved into regions
that encompassed the 1002 Area on the coastal plain of
the Arctic Refuge. From 1974 to 1986 the muskox
population grew rapidly. By 1987, however, numbers
declined in the regions that they had first occupied
(Reynolds 19980).

Petroleum e;o;ploration and develoJlment could occur ill
lllusko;o; habitat in the 1002 Area of the Arctic Refuge.
Status of the muskox population and factors related to
trends in local abundance need to be detennined if
changes resulting from natural processes arc to be
separated from those that might result if industrial
development is permitted in the Arctic Refuge.

We developed a study with the following objectives to

understand the dynamics of the muskox population in and
ncar the 1002 Area of the Arctic Refuge: I) detenJline
abundance and rates of population increase, production,
and survival; 2) document changes in population
distribution over time; and 3) evaluate factors associated
with changes in the number of muskoxen.

Numbers of muskoxen seen during annual censuses in
1982-200 I, combined with data from earlier studies, were
Ilsed to estimate animal abundance and population tn::nds
of n1U.~ko:"en in the 1002 Area (regions first oecupil.'tl)
and adjacent areas to the cast and west (regions occupied
later) (Reynolds 1998(/). Rates of.mcccssful calf
producTion (defined as calves: 100 femules >2 years old
present in late June), survival of calves and ye;lrlings, and
long term reproduction pattem.~ by marked female
llIuskoxen were determined from annual sex and age
eOlllposi tion counts nl.1dc from Ihe ground in 1983-200 I.

fbdio-collared auult muskoxen were relocated (j

tillles!ye;lr from 1982 to 199·110 determine seasonal and
anllual variability in pOJlulalioll distribution and to
doculllent adult lllonalities. Locations Were determined
from the air with a global positioning system (GPS) or
were plotted on 1:63,360-sealc llWpS. The adapti\'e-kt~rnd

technique within the computer program CALHOl\IE (Kie
et a1.19(6) was llsed to delineate the size and locations of
regions used by mixed-sex groups of llluskoxen in 1969
1981,1982-1985,1986-1989. and ]l)90-199J. Core a/"ell.\"

OlliSi' (70% adaptive-kernel contour) and !01II1 range
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of muskoxen precluded immigration. Growth of the
population during its most rapid increase was due to high
rates of reproduction and survival of muskoxen in newly
occupied habitats. In the 1002 Area, indices of successful
calf production reached a maximum between 1977 and
1980 (87 calves: 100 females >2 years old) during years
when successful reproduction by some 2-year-old females
and 100% reproduction among females >2 years old
occurred in some groups (Jingfors and Klein 1982).

Calf production declined between 1983 and 2001 (Fig.
7.2). In 1983-1986, as the rate of population increase
begun to slow, calf production in the 1002 Area averaged
61 calves: 100 femaks >2 years old compared with 49 in
1987-1990,41 in 1991-1994, and 28 in 1995-1999
(Reynolds 1999). In June 2000 and 2001, very few calvcs
«5 calves per 100 females >2 years old) were seen.
Because calves were counted several weeks after birth,
we could not determine if changes in the production of
muskox calves were due to lower fecundity or increased
neonatal mortalities.

Reproductive patteOls of radio-collared females in the
1002 Area showed similar trend.~. Mean reproducliI'('
intervals (number of years between successful
reproductive event.~ in a 3-year period) increased
significantly (r = 0.95, II = 6, P = 0.0009) between 1982
and 1999. By 1991-1993, 1Il0st marked females
successfully reproduced at intervals of 210 3 years, rather
than every year (Reynolds 200 1). Percentages of marked
females without calves for 3 or more consecutive years
were 0% in 1982-1987, 15% in 1988-1990, and 25% in
1994-1996 (Reynolds 2001). In summer, body weights of
8 lactating muskoxen (me:lIl = 223 kg, range = 188~254

kg) were not different (I =2.2, df = 10, P =0.167) from S
non-lactating females (mean = 196 kg, range = 136-254
kg) and were similar to weight.~ of female muskoxen in
other wild and captive populations (Reynolds and
Reynolds 1999).

Unlike calf production, which declined in 1983-1995
(r= 0.75, P < 0.001), calf and yearling survival did not
decline over time (calf survival: r =0.01, I' =0.71;
yearling survival: r =0.01, P = 0.82). Annual variability
in young animal survival followed the same annual trends
as calf production and was related 10 SIIOW depth and the
length of the snow season (Reynolds 1998a).

Between 1983 and 1999 the percelllages of radio
collared muskoxen dying each year were variable but
showed an increased trend (Reynolds 1999). Sources of
mortality included kills by predators, including humans.

Legal hUllling of muskoxen in the Arctic Refuge began
in 1982. Over lime, the lIumber of permits issued ctlch
year increased frolll 5 males only to 12 males and 3
femaIcs. The season was expanded from 2 to 8.5 months.
An :l\'erage of 7 muskoxen was killed in 1985-1989
compared with an average of 10 in 1995-1999. About 3%
of the muskox population in the Arctic Refuge was
harvested annually from 1990-1999 (P. E. Reynolds, U.S.
Fish and Wildlife Service, unpublished data).

Kills or scavenging of muskoxen by grinly bears
(Ursus arcros) in and near the Arctic Refuge increased
significantly between 1986 :llld 2001 (/3 =0.504. df= 18,
I' < 0.001) (Fig. 7. 3). Known kills of muskoxen by
grizzly hears ranged from 0-2 deaths per year before
1993, 1-4 de:lIhs per year in 1993-1996, and 5·10 deaths
per year in 1997-2001 (Reynolds et al. 2002).

Forty-seven deaths of adult or sub-adult muskoxen
from known grizzly bear predatioll occurred between
1982-2001. Of these, 28 nll1st..:oxen died during 10
incidellts of multiple kills in which bears killed more than
one Illuskox from a group. r-.lost of these kills (79%) lOok
place between May 1998 and June 2001 (Reynolds et al.
2002).

Gri7.7.ly bears likely also killed Illuskox calvcs and
cau.~cd other mortal itics of young calves that were
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Figure 7.3. Number of mus~oxen killed or scavenged by grizzly bears
from April 1982lhrollgh June 2001 in northeastern Alas~a. USA. (from
Reynolds et al. 2002)
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Figura 7.2. Changes in rales 01 successful production of mus~ox
calves in the regions first occupied aller reintroducliOrl-the 1002
Area. Arctic National \Vildlife Refuge. Alas~a, 1983-2001. Successful
call production was measured by countirlg lhe number of calves per
100 females >2 years of age in lale June.
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descrted during predalion cvcnts. ~lultiplc kills of calvcs
were observed in C:lI\ada (Clarkson and Liepins 1993).
The increase in kills by grizzly bears suggests thai
prcdlllion may have bccn onc factor that resulted in vcry
low numbers of calvcs in late June of 2000 and 200J.
Deep snow and a prolonged winter seaSon in 2000 and
2001 also likely contributed to the low numbers of calves
seen in Ihose ycars and lllay havc cxacerbated the number
of predation events (Reynolds et a!. 2002).

Shifts in distribution :lnd emigration also affected
numbers of muskoxen in the 1002 Area of the Arctic
Refuge. Following their release in 1969 and 1970, most
muskoxen became associated with 1 of 3 mixed-sex
groups in 3 regions of the Arctic Refuge. The regions first
occupied were located between the C3nning and Aichilik
Rivers within the boundaries of the 1002 Area (Fig. 7.4a)
(Reynolds 1998a). After 1986, muskoxen in mixed-sex
groups colonized new regions cast and west oftlle 1002
Area (Fig. 7.4c,d) (Reynolds 1998a).

In 1995, about 800 llluskoxen werc counted in the
enlire range of the population (Table 7.1), which had
expanded westward to the Itkillik River, Alaska, and
eastward to the Dabbage River in northem Yukon
Territory, Canada (Reynolds 1998a). In 1998-2001,
mixed-sex groups of muskoxen continued to expand their
range west to the ColviJle River, southwest along the
Sagavanirktok River, and south and cast of the Babbage
River in northwestcrtl Canada. During these years, <700
muskoxen were counted throughout the total range of the
population (Table 7.1) (P. E. RCyllolds, U.S. Fish and
Wildlife Service, unpublished data, E. A. Lenart, Alaska
Dcpartment of Fish and Game, unpublished data, and D.
A. Cooley, Yukon Renewahle Resources, unpublished
data).

Differences betwecn the observed and predicted
abundance in the 1002 Area, based on rc-collstmcted
population projections. suggest that ch:\llges in muskox
calf prodllction and animal survival caused most of the
decline ill the rate of population growth (Reynolds 1999).
Density dependcnt factors as well as annual variability in
snowfall and increasing rates of predation atllikely
influenced observed changes in calf production and
animal.wryival.

Emigration of mixed-sex groups of muskoxen also
reduced the number of muskoxen in the 1002 Area
(ReynoldS 1998/1, 1999). In 2000 and 2001, the additional
emigration \)f mixed-sex groups containing marked
animals ;lJld the low rates of successful calf production
«5 calves per 100 females> 2 years old) contributed to
the declining trend in Ilumhers of muskoxen in the 1002
Area (P. E. Reynolds, U.S. Fish and Wildlife Scrvice,
unpublished data).

Although muskoxen arc continuing to cKpalld into
their fonner range ill northem Alaska and nortllwestcO\
Canada, numhers of IllllskllXen inlhe ]()02 Area arc llOt

likely to increase from their present leyel of <250 animals
in the ncar future.

If exploration and extraction of petroleum resources
arc permitted in the Arctic Refuge coastal plain,
associated industrial activities could further reduce the
number of muskoxen in the IDOl Area either through
induced disJlersal or decreased productivity and survival.
/l.Iuskoxen arc year-round residents of the ID02 area,
which heightens their vulnerability. In addition, their
small numbers make it less likely that the Illuskoxen can
recover from perturbations.

Status :llld distribution of muskoxen in and near the
ID02 Area should continue to be monitored to document
future trends.

Seasonal Strategies of Muskoxen: Distribution,
Habitats, and Activity Patterns

Seasonal shifts in distribution, habitat usc, 3nd activity
are means by which animals maximize energy intake and
avoid conditions that risk their survival. The muskox is :111

energetically conservative species (Klein 1992) and its
seasonal habitat usc and energy budgets influence its
reproduction and survival (While et al. 1989). Limited
forage availability and energy constraints in winter as
well as potential cumulative effects of disturbance
contribute to its susceptibility.

As year~round rcsidents of the coastal plain of Ihe
Arctic Refuge, muskoxen arc vulnerable to human
activitieS in both winter and SUlllmer. Information is
needed about their seasonal patterns of distribution and
activity to cvaluatc and minimize. potential effccts
associated with oil and gas exploration and developmelll
proposed for the Arctic Refuge's 1002 Area.

Our study to detefllline seasonal patterns of lllusko;"en
on the coastal plain of the Arctic Refuge had the
following Objectives: I) comp:lfe distribution and habitat
usc of muskoxen in different seasons, and 2) deteolline
seasonal movements and activity patterns of muskoxen.

rn the Arctic Refuge. snow is present from 8-9 months
e:lch year (September - 1\1ay). Fi\'c seasons werc delined
for muskoxen based on ecological and hiological
conditions; call'illg (late l\farch to mid-June), summa
(late June to mid-Septembcr), {'arfy winrl'r (late
Scptcmber 10 lllid-Nov~l1lber), mitt-wiTlfer (late November
to mid-January), and 111ft' will/a (late January to mid
I\farch).

To idemify pt1pulation distribution in different
.\caSOJlS, 19-25 radio-collared Illuskoxcn were monitored
and 4 to 6 radio-relocation surveys were flown each year
from 1932 to 1995. Locatil)lls of groups of muskoxen,
both marked and \lnJ1lark~d, were determined using a
global positioning systcm or wer~ plotted on 1:63,360
sL:;l!e maps.
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Table 7.1. Number of muskoxen seen in different regions in northeastern Alaska, USA, and northweslern Canada in 1982·2000 during pre
calving surveys. GMU 268 and 26C are Slale of Alaska game management units. The muskox population originated from animals released
adjaC€nt 10 the Arctic National Wildlife Refuge, Alaska. in 1969 and 1970. The muskoxen began to disperse inlo new regions east and west of
the Arclic Refuge by 1986 (Reynolds 1998a).

)

West altho Arctic 1002 Area in the Arctic
Refuge: Itkillik River to Refuge: All Arctic Refuge:
Canning Rlyer (GMU canning RIver to Canning River to Canada

Year 26B)0 Alchllik Aiverb (GMU 26C)

1982 219 219

1986 9 386 399

1990 122 273 332

1995 330 228 321

1998 207 213 331

2000 277 189 246

East of the Arctic
Refugo in northern Arctic Aefuge
Yukon Terrilory, + west + ensl
Canadac

2'9

23 431

41 495

146 797

116 654

149 672

\
a data source: E. A Lenart, Alaska Departmenl of Fish and Gamo, Fairbanks, Alaska, USA
b regions first occuploo; numbers included in Arctic Reruga numbers
c dlltll source: D. Cooley, Department of Renewable Rosources, Yukon Territories, Cannda

Figure 7.5. Seasonal changes in rales of mo;'emenl and activity
counts of satellite·collared female muskoxen in and near lhe Arctic
National Wildlife Refuge, Alaska, i986·1992. (from Reynolds 1998b)
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core areas was highly variable in sumlller, out means
differed by almost an ordcr of magnitude between
summer and other seasons. 111e minimum sii'.c of core
areas used in summer wa.~ >4 times larger than minimum
core areas occupied in winter or calving.

rvtuskoxen wac conservative in their daily movements
throughout the ycar. Most (95%, Il = 2314) lllovelllelllS
made by satellitt-collared llluskoxen wtrc <5 km/day
(Reynolds 1998b). Of these, 46<;·" were <1 kill/day.
Moderate 1Il0V~ll1entsof 5-10 kill/day took pl3ce primarily
between June and September (77 of lOS). Only 1 «1%)
moderate 1ll0\'ellle11l of 5-10 km/day was recorded
between January and April. Movement rates >!O kill/day,
resulting in relatively long moves, w~re rare (18 of 2314);
16 (89%) movements >10 km/day occurred in July.

Mean daily movemenls in summer (2.6 km/day) were
greater (P < 0.05) lhan in other seaSOllS (1.1-1.4 km/day)
{Reynolds 1998b). l\lcan rales of movcmenl were
signific:Hllly higher (P < 0.05) in July than in olher
months (Fig. 7.5). Activity counts/minute from satellite-

Seasonal distribution and movemenl rates were
determined from 15 female muskoxen filled with satcllitc
collars (ultra-high frequency platform transmitter
teffilinals that were relocated by satellite) (Reynolds
1989). Three to.'5 animals carrying satellitc collars were
monitored yearly from October 1986 through March
J992. These collars transmitted infonnation about animal
location and activity every second or thinl day for 6 hr/
day (Reynolds 1998b).

Seasonal distribution of the population and seasonal
home ranges of satellite-collared mu.skoxen \\"ere'
delineated with an adaptive-kerncltechnique and the
program CALHOl\!E (Kie et :II. 1996). Seasonal
differences in population distriblllion were cOlllpared as
the overlap of core areas (70% cOlllour), distances
bet\\,'een core-area centers, and core-area sizes.

Mean movement rates (km/day) for ench season and
eaeh month were calculated from distanccs moved by
satellite-collared lllllskoxen. Distances were calculilted
between consecutive locations at 40-55 hr intervals. fo.1can
activity indices for each season and each month were
derived. AClivity counts from 5 satellite-collared
Illuskoxen with >10 days of activity COUlltS pcr monlh
were used to estimate mean aClivity (Reynolds 1998h).

Lmd-cover and terrain lypes, extracted from a land
cover lllap derived from Landsat-Thematic l\lapper dala
(Jorgenson et al. 1994), were Ilsed t\) determine seasonal
differences in habitat usc at a landscape scale. Sekction
ralios of 6 laml·cover classes and 5 telTaln typcs wcre
based on prop()l1iol1s present in core :\reas (habitats Ibcd)
divided by propo11ions in the entire study area (habitats
available) (Reynolds 199811).

The average size \)f core areas IlsL'd by lIluskoxen
carrying s:llellilc l:ollars was significmllly larger (Jl <
0.05) in SUlllllll:r (223 km') than in calving season or lhe 3
wintl:r seasons (27-70 kill') (Rcynolds ] ~)\)ob). Thc size of
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collared muskoxen were also greater in summer (I' <
n.OOI) than in otln:r seasons. Activity COUnts differed
among months (I' = D.OOI) and were highest in July and
lowest in April during the onset of the calving se;lson.

Seasonal home ranges occupied by females with
satellite-collars overlapped less (I' = 0.01) between
calving and summer than betweell early winter and mid
winter and betweell mid-winter and late wintCf (Reynolds
1998b). This rdlccted Ihe sedentary nature and small
home range size of the muskoxen in winter. Distances
between seasonal home ranges were also small. The
distribution of the population of muskoxen occupying the
coastal plain of the Arctic Refuge showed lillie change
between seasons.

AI a landscape scale, muskoxen llsed rip;trian cover
along river corridors, floodplains. and foothills in all
seasons. Moist sedge was selected in late winter and
calving; tussock tundra was avoided in late winter. Wet
sedge was used in proportion to availability in summer

1002 Area

Arctic National Wildllife Refuge

and early winter bUi avoided in other se;lsons. Upland
shrub was selected only during the calving season and
avoided in other seasons. Bare cover (including bare
ground, water, and ice) was .~eleeted in all seasolls except
spring. Mountain terrain was avoided in all se;lsons
(Reynolds 19981),

Ground-based studies (Wilson 19(2) provided more
information at regional and local scales (st'!' 11(':([

subsectioll 011 wimer haln'fm /1.I't'). Locations of mixed-sex
groups of [lluskoxen during summcr and winter surveys
demonstrated the importance of river corridors and
adjacent uplands to this population (Fig. 7.6),

The small seasonal shifts in distribUlion and low
movemcnt ratcs observed in this study con finned that
muskoxen arc energelically conscrvative throughout the
year (Jingfors 1980, Thing et al. 1987) and that they havc
a high fidel it)' 10 geographic regions. Seasonal changes in
movcments. activity, and habitat usc were related to
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Figure 7.6. Locations of mixed-sex groups of muskoxen seen during winter and summer sUf\leys in the Arctic National Wildlife Refuge, Alaska,
USA,1982-1999.
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availability of forage and the energy budgets of
muskoxen.

In winter, snow limits forage availability and habitat
selection (1ingfors 1980). In late winter, muskoxen
selected feeding sitc.~ with soft shallow snow
(Biddlccomb 1992, Wilson 1992). These siles were
frequently narrow windblown bluffs adjacent to rivers
where snow accumulation was low (Nclkmann ;lUt!

Reynolds 1997), By mid- to late wintcr, riparian willows
and wei-sedge cornllllillitics may be unavaihlblc to
muskoxen as snow depths increase (Wilson 1992, Evans
el 31. 1989).

Winter forage of muskoxen is of low {juality (Staal and
and Olesen 1992). Graminoids were a dominant
component of the latc winter diet of muskoxen in
llortheastemAla.sb (O'Brien 1988, Biddlecomb 1992,
Wilson 1992). l'vluskoxen, however, can digest low quality
grarninoids efficicntly and may havc a fasting metabolic
rate lower than other ruminants (Adamczewski et al.
1994, Lawler 200 I). In winter, muskoxen conserve energy
by reducing movements and activity, decreasing the size
of usc areas, and cOllcelllrating in 11 few habitats wherc
foralle is not covered with deep snow.

Unlike caribou that calve in early June when nutritious
vegetation is emerging, most muskoxen give birth several
weeks before high quality green forage is available. In
Alaska, Dall's slwcp (Ovis dal/i) (Rachlow and Bowyer
1994) and moosc (Alces alet's) (Bowycr ct al. 1998) havc
similar calving strategies to muskoxen. To reproducc
succcssfully, female llluskoxen must bc in good body
condition at calving timc to fud thc high cos! of lactation.
TIleir cnergy-conscrving stratcgy of restricting
movcmcnts and aClivity and sclecting habitats w.ith low
snowcovcr allows female muskoxen to Ill:limain body
condition throughout thc winter and spring (TIling et al.
1987).

l\.·lost llIllskoxcn in the Arctic Refuge givc birllJ in
April and l\fay and Iactatc undcr conditions of poor
quality forage and harsh wcather. TIdr increased use of
foothill terrain and upland shrub during the calving
SC<'lson reflected shifts into areas where snowcover was
shallow or blown free and thcir energetic costs of
fomging were lower. 11uskoxCll with young calves also
Illay avoid flooded riparian areas during calving and post
calving periods. Iviovelllent rates of muskoxen carrying
satellite collars rcached a ycarly low in April at the onset
of the calving season.

During thc sllow-free SllTlHner when food quality and
IJuantity arc high, muskoxen increase their movel\lcnt and
activity, occupy larger areas, and usc di\'erse habitats as
they forage 011 a variety of high-quality vegetation (Robus
1981, O'Brien 19S5). They tr;lck the changing plant
phenology in loc:ll arcas to obtain high quality forage and
rapidly regain body weight lost during winter. pregnallcy,
and carly lactalioll. Musko,xcil that fail 10 regain body

weight arc less likely to breed or successfully reproduce
(White et al. 1997) and arc less likely to survivc a severe
winter.

In our study we .found that movemcnl mtes :\lld
activity incrcased in June as plants began to leaf out and
were highest in July as live plant biomass peaked (Chapin
1983). Movcmcnt rates and activity of muskoxen carT}'ing
satellite-collars began to declinc in August as plant
senescence and rut occurred (Reynolds 1998b).

Seasonal strategies that emphasize energy inlake in
sUlllmcr and encrgy conservation in winter, combined
with physical adaptations for cold weather and the ability
to process low quality forage, perrnitlTluskoxen to survive
year-round in locations seasonally avoided by most other
animals. Muskoxen arc prcscnt during all scasons in the
potcntial oil exploration and development area of the
.·\rctic Rcfuge.

This study did not quantify Ihe effects of pctroleum
devclopment on muskoxen. But human activities that
increase cncrgetic costs to muskoxcn in winter or
decrease foraging opportunities in SUllllller have the
greatest probability to affc.ct thc Illuskox population.
Riparian habitats frequently used by lIluskoxen arc also
likely to be llsed as sites for gravel and water extraction
and wimer road construction if exploration and
devclopment of petroleum resources occur on the coastal
plain of the Arctic Refugc.

Exploratory and construction activities in northern
Alaska oftentJke placc in winter. Muskoxcn arc
parlicularly vulnerable to disturbance in winter because of
limited habitat, thc length of the arctic winter, and their
necd to conservc cnergy throughout the winter including
the calving season, The average size of muskox groups is
larger in winter than in mid-summer (Reynolds 1993).
Large groups of animals often arc more easily disturbcd
than small groups be.cause largc gr0l1ps contain more
individuals respollsivc 10 pcrturbations.

Effects of human ,Ictivities on muskoxen are likely
related to the scale of the activity and the availability of
alternate habitats that can be Ilsed if animals arc
displaced. lv'Iuskoxen that expanded wcstward from thc
Arctic Rcfuge usc the widc Sagavanirktok Rivcr valley in
summer despite the prescnce of the Daltoll Highway and
the trans-Alaska oil pipdine. Habitats availablc to
muskoxcn in the Arctic Refuge, however, arc
geographically constricted: The coastal plain is narrower
becausc the mountains of the Brooks Range arc closer to
the l3eilUfort Sea (Fig. 1.1).

If undisturbed, muskoxen generally slay in relatively
small areas lhroughout the wintcr. Avoidance by industry
of these areas used by muskoxen could reduce the
probability of disturbance and displacemcnt of muskoxen.
Minimizing human activities in areas occupied by
llluskoxcn from mid-winter through the calving season
could reduce the likdihood of disturbance during the
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in feeding zones. Non-vegctative cover was greater in
adjacent and nonadjacent wnes (Wilson 1992).

Dict selection based on fecal analysis of winter pellets
(corrcctcd for digeslibility) indicated a high use of sedges
(39.1%) and Illosses (24.6%) (Wilson 1992). Sedges and
,grasses were selected (use> availability); and horsetails,
lichens, willows, and othcr sl1mbs were avoided (usc <
availability). Although selection for grasses was high,
grasses did not make up a large proportion of the diet or
the available habitat.

Analysis of mmen samples indicatcd that sedges
(31 %), grasscs (19%), mosses (15'."0), and forbs (13%)
comprised most of Ihe diet. The proportion of willows
was 8% in millen samples. In other studies, riparian
willows were used by muskoxen in latc winter (O'Bricn
1998, Robus 1991). During our study, howcver, snow
limited thc usc of Illost riparian shmb communities.
Willows Were browsed in areas where they protmdcd
through the SIIOW (Wilson 1992).

Snow dcpth was shallower and softer in feeding zones
than in nonadjacent zones, and shallower in feeding zones
th<lll in adjaccnt zones (Pig. 7.7). Snow depth and

Figure 7.7. Snow depth (em) in muskox feeding zones (areas
containing feeding sites), adjacent zones (unused areas adjacenllo
and surrounding feeding zones) and nonadjacenll.ones (unused areas
100 meters beyond adjacent zones) in late winter 1989 (Il =20) and
i990 (n = 24) on the coastal plain of the Arctic Nalional Wildlife
Refuge, Alaska, USA. (from Wilson 1992)

Winter Habitat Use by Muskoxen: Spatial Scales
of Resource Selection

During the snow season, which lasts up to 9 months in
the Arctic Refuge, muskoxen remain in slllall areas,
restricted by the availability of forage and by strategies
nccded to conservc energy (Reynolds 1998b). Human
disturbance or destmctioll of their habitat could displace
Illuskoxen from these limited wintering areas.

To detcrmine what kinds of sites arc used by
llluskoxen in late-winter and why these sites arc selected,
we sct the following research objectives: I) detennine
selection of vegetation types based on use and
availability, and 2) compare .~now depth and hardness,
vegetation biomass, and environmental variables at
feeding and non-feeding sites. Our study sites were
located in the eastem half of the Arctic Rduge coastal
plain and 1002 Are;l, betwee.n the hgo River and the
Kongakut River.

Fieldwork was conducted in March, April, and July
1989-1990 at 44 late-winler fora,ging sites used by
muskoxen. These sites included/ceding zones (with
feeding microsilcs or craters), llOll-llsul adjacCIlIl.O/lC.\·

(contiguous to the feeding zonc:), and IJOfHISetl

/101Uldjacl'/ll zones (100 III beyond the adjacent zone). At
each foraging site, a randomly-oriented transect was laid
across the sitc, passing through the center of the feeding
wne and defining unused zones.

Foraging sites were located from observations :wd
tracks of muskox groups in March and April. Fecal pellcts
werc collected for diet selection analysis. Winter foraging
site.~ were relocated the following July when vegctatioll
and environmelltal characteristic,~ along transects were
mcasurcd (Wilson 1992). Snow conditions, environmcntal
characteristics, for:1ge cover, and non-vegetatcd cover
wcre included in an analysis of variables rel:ued to habitat
selection.

In late winter, llluskoxen fed most commonly in moist
sedge tundra (37':;') and 1IJS.~m;k sedge tundra (37'7'(,) and
IIs(~d these types in proportion to availability. Dryas
terrace {9~~.), riparian grass forb gravel bars (7%), wct
sedge (5%), partially vegetated tundra (2%), and shmb
tundra (2'7c) were selccted Je.~s frequently than their
availability. Muskoxen were not obser\'5~d feeding in
riparian shmh. Dryas ridge, barren ground, or water
(Wilson 1992).

Total vegetation cover was gre,lter in feeding zones
than in unused :ldjacent and non-adjaccnt zoncs. Cover of
evergreen shmbs, sedges, :IflU dead vegetation was grea1er

period when energy conservation is crjticalto survival.
Locating permanent facilities away from river corridors,
Oood plains, and adjacent uplands could also help to
reduce potential effects of industrial development on
Illuskoxen.
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hardness were less in microsites than in unused portions
of feeding sites. Snow depth was the single variable most
influential in discriminating between used and non-used
areas. l\luskoxen also appeared to avoid walking through
areas of soft deeJl snow. Most feeding zones were ncar
some type of topographic relief that had been subjected 10
wind scarring. Snow depth was shallower in feeding
zones of tussock sedge tundra and moist sedge tundra,
suggesting that within vegetation types, muskoxen chose
fceding zones based on snow depth alone. No differences
were detected between feeding wnes and adjacent and
nonadjacent zones in wetness, slope, micro-relief, or
aspect (WilsOll 1992).

Snow depth in fceding zones was deeper in 1989 than
in 1990 (34.5 em versus 23.0 cm, respectively), and IOtal
vegetation cover was greater in 1990 than in 1989
(Wilson 1992). In 1990, forb cover was greater in feeding
zones compared with a greater cover of sedges and non
vcgct:lIive material in 1989 feeding ZOnes. l'....luskoxen did
not select for areas of high IOta I vegetativc cover in 1989,
indic<lting that detection of vegetation characteristics may
require shallow snow cover. In 1989, mean crater depths
(29.7 cm) and mean feeding zone depths (34.5 cm)
appro;lched or e:xceeded the miLximum snow depths in
feeding areas (>30 cm) observed in other muskox studies
(Rapola 1984, Smith 1984).

Partially veget:ded tundra and Dryas terraces had the
shallowesl snow; the deepest snow occurred in shrub
tundra and moist sedge tundra. Gravel bars with riparian
forbs and grass had the greatest total cover of vegetation;
moisl sedge tundra had the least. l'....tuskoxen sekcted
feeding zones with shallower snow and greater vegetation
COver compared with what wa.~ available (Wilson 1992).

Winter habitat for muskoxen is limited in quantity
because animals must select foraging areas with shallow
soft snow and a high cover of vegetation. Areas with liuk
vegetatioJl or deep hard-packed snow were not used. In
this study, feeding zones wen~ primarily along narrow
bands of windblown vegetated bluffs adjacellt to creeks,
rivers, and the coastline, rene-cting the importance of
termin features to habitat sekction (Nellemann and
Reynolds 1997).

Snow depth was one of the most important variables
distinguishing used and ullused area in this study of
llIuskox habit:ll (Wilson 1992). Snow tlepth influencl's the
avail:lbility of forage and can limit accessibility to some
forage types (Evans et al. 1(89). Snow depth affects
cllt~rgy budgets. Digging through snow 10 find forage is
cncrgl'tiea Ill' enstl)' fllr ungu latc.~ (F,11lCY 1986). The time
lost while digging craters also reduccs the daily rate of
forage intake Crleischll1an 1988).

In high snow years, when sOllie habitats are not
av'lilablc .llld llJuskoxen spend morc l'llergy moving .md
foraging, muskoxen may be energetically constrained,
resulting iJllow~r survival and Jess successful

reproduction. As winter progresses :lnd snow
accumulates, or if deep snow falls early in the winter,
muskoxen lllay be forced to select foraging areas with
deep snow or low plant biomass.

If muskoxen arc limited in their accumulation of body
reserves during summer, effects of a severe winter or
overuse of winter range will have greater impacts on
reproductive success and survival. If, in addition, animals
are disturbed by human activities and cannot optimally
use available habit<lts, the effects of a severe winter likely
will be magnified.

Activities associatl'd with the extraction of pctroleum
resources on the coastal plain of the Arctic Refuge have
the potential to displace muskoxen into areas of deeper
snow wherl' forage avail<lbility is low alld energetic costs
to procurc food Me high. Displacement from, or '
permanent lo~s of, limited winter habitat could affect
reproductive success and survival of llluskoxen 011 the
coastal plain of the Arctic Refuge.

To minimize potcntial effects of petroleum exploration
and development Oil muskoxen in the Arctic Refuge, areas
occupied by muskoxen in winter should be avoided; and
areas of potential winter habitat should not be selcr.:tcd as
sites for pennancnt facilities.

Summary

I\'fuskoxen arc year-round residents of the 1002 Area
011 the coastal plain of Arctic National Wildlife Refuge.
Number,.; of muskoxen in the Refuge have declined over
time with <300 currently living Oll the coastal plain
including <250 in the 1002 Area. Calf production has also
declined over time.

Severe winters (deep snow and pmlong SIlOW seasons)
and increasing rates of predation arc illlport:lIlt factors in
the dynamics of this population. l'vluskoxen have
expanded their range cast and west of the Arctic Refuge
coastal plain and emigration has contributcd to declining
numbers.

~'fost calves ;If(~ born in April and 1\-lay, several wceks
before green forage is .1\'aibb1c. To survive the long
months of winter and to maintain body reserves needed
for successful reproduction, muskoxen conserve energy in
winter by reducing activity and movements. In winter,
muskoxen li..'ed on dried sedges .Illd other low quality
forage in areas of low snow. Windblown ridges adjacent
10 rivers arc frequelltly used in winter. During the Sh0l1
weeks of sumrner, when green forage is available,
muskoxc-ll increase their nlOvell1ellts aud activity and feed
1)l1 a variety of high quality forage to regain botly \wight
before the nest winter. River c-olTidors and nearby
uplands are often used by muskoxen in SUllllller.

Muskoxen in the Arctic Refuge arc vulnerable tIl
disturbance frolll activities associated witll petroleuill
exploration and extraction because of their year-round
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residency, their small population numbers and their need
to conserve energy for the 9 months of wimer if they arc
to successfully reprodua.

Disturbances that displace lllusko.xen from preferred
winter habitats into areas of deeper snow or that increase
tlleir acti vity and 1l10venwnts could significantly increase
their energetic costs in winter. Female muskoxen that arc
required to expend grealer energy to survive the winter
wilt have fewer reserves for pregnancy and lactation and
lIlay not reproduce successfully. Muskoxen frequently use
habitats along or adjacent to rivers. These locations llIay
be sites for gravel and water extraction and winter road
construction if petroleum development is permincd in the
Arctic Refuge.

Avoidance by industry of lucas used by muskoxcn and
the location of permanent facilities away from river
corridors, flood pl,lins, and adjaccnt uplands could reduce
the probability of disturb:lIlce and displacement of
llluskoxen. Status :lIld distribution of muskoxen in and
near the 1002 Area should be monitored 10 doculllcnt
future trends.
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Section 8: Polar Bears

SrCW'!l C. Amsrrup

Movements and Population Dynamics of Polar
Bears

Polar bears (Ursus !I1aritimus) arc hUflled througholU
most of their range. In addition to hunting, polar bears of
the Beaufort Sea region arc exposed to mineral and
petroleum extraction and rdated hUlllan activities such as
shipping, road-building, and seismic testing (Stirling
1990).

Little was known at the start of this project about how
polar bears move about in their environment; and
although it was understood that many bears travel across
political borders, the boundaries of populations had not
been delineated (Alilstrup 1986, Amstrup et al. 1986,
Amstrup and DeMaster 1988, Gamer et al. 1994, Amstnlp
1995. Amstrup et al. 1995, Amstrup 2000).

As human populations increase and demands for polar
bears and other :lrctic resources escalate, managers must
know the sizes and distributions of the polar bear
populations. Resource managers also need reliable
estimates of breeding rates, reproductive intervals, liller
.~izes, and survival of young :llld adults.

Our objectives for this research were I) to de!emline
the seasonal and annual movements of polar b~ilrs in the
Beaufort Sea, 2) to define the hound aries of the
population(s) ll.~ing this region, 3) tQ detennine the size
and status of the Beaufort Sea polar bear populatloll, and
4) to establish reproduction and survival ratcs (Amstmp
2000).

One-hundred-fifty_tllrcc satellile radio collars (P1Ts),
fillcd to 106 adult female polar bears in the Beaufort Sea,
were relocated 37,277til1les between 19R5 and 1993
(Arnstrup 1995, Amstrup 2000, Amstmp ct at. 2000).
Polar bears were observed to move more than 4 km/hr for
extcnded periods, but mean hourly rates of movement
varied from 0.30-0.96 kill/hr. Females Wilh cubs had
lower hourly rates of movement than females with
yearlings and those (single females) without YOllng.

~'fovellient rates varied si~nificall!ly among months:
thcy ~enerally were lowcst in sprin~ and late summer and
highest in early winter (Amslmp 1995, Amstrup et al.
2000). Geographic displacemcnls frolllthe beginning to
the cnd of each month were slllaller for females with cuhs
of thc year than for single females, and larger ill
Novcmber than in April.

Tn I\by, JUlie, July, and August, radio-colbred bears
.~hifted locations to the north. Collared bears moved hack
to the south in October. Mean tOlal distances moved c:lch
Illonth ranged from 186-492 kill. Total movcments in
December wcre larger than those measured in April, May,
JUly, AuguSl, and September, and lOlalmollthly

movemcnts of females with cubs were lower than single
females.

Total annual mOVemcnts ranged from 1,454-6,203 km.
Bcars lhat spcnt part of the ycar in dens moved less Ihan
others, but non-denning classes of bcars did nOl differ in
t0l:11 annualmovelllent (AmstnJp 1995, Amstrup et al.
2000).

Fcmales with cubs were generally lhe mOSI active
group, ,lilt! single females the least active. Highest and
lowest levels of ,lctivity were recorded in June and
Scptember, but there also was a strong activity peak in
early winter. Activity levels were lowesl in the early
morning and higher from mid-day through late evening.

Beaufort Sea plllar bears kept their tIl0Velllelll.~ within
boundaries outside of which they seldom ventured.
Annual activity areas ranged from 12,730 km~ to 596,800
km1

• tlfonthly activity are:lS ranged from a mean of 344
klll~ for females with cubs in April to 11,926 klll~ for
females with yearlings in December (All1Slmp 1995,
Amstmp et aJ. 2000).

Bears from the Beaufort Sea population occupied all
area extending up to 300 km offshore, from Cape
Bathurst in Canada to PI. Hope, Alaska, and enclosing
939,153 klll1 (Amstrup et aJ. 1986, Garner et al. 1994,
Amstmp 2(00).

Animals origin,tlly captured along the Beaufort Sea
coast spent appro.>;illlately 25% ofthcir lime ill the
llortllcastern Chukchi Se:l, but animals captured in lhe
Chukchi Sea vcntured into the Beaufort Sca only 6% of
the time. With few exceptions (Dumer and Amstmp 1995)
bears captured in the Beaufort Sea were faithful to
Sllllllller activily areas in the central portion of the
Beaufort Sea (Amslmp et 31. 1986, Amstmpl995,
Amstmp et al. 1995, Amstrup et al. 2000). Although any
bear caught in this region could be relocaled anywhere
else in the region, individual bears appeared faithful to
gencral geographic regions (Fig. 8.1). Rccelll analyses of
pallerns in scasonal fidelity of polar bears (Bethke et al.
1996) suggested tllat 3 scparate populations or stocks
could be distinguished.

Thesc 3 relatively discrete stocks overlap to a grcater
or lesser extent within Alaska waters (S. C. Am.~trup, U.S.
Geological Survey, unpublished data). Thercfore, it is no
longer re'l.~onable to refer to only I group of polar bears
(Amstrup 1995, Amstrnp 2000) occupying this region
(All1stmp et al. 2001). AltllOugh these groups arc not
distinguishable genetically (Paetkau cl al. 1999), thev arc
distinct enough to mandalc managllment rccogniti()J1~

Two groups, the Chukchi Sea and the Southern
Beaufort Sea populations, sharl~ the mainl;md CO;lSt,11
areas of Alaska in the grllatest numbers (Amstrup ct al.
2lX)l). Recognilion of these stocks helps to explain some
of tlw lllo\"emem p<lllcIIlS previously ohservlld. Thesc 2
gmups supply most of the harvest of pol;lr bears lhat
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Figure 8.1. Numbers and relocation positions of satellite radio-collared polar bears (# of individuals) captured in each of 6 longitudinal
zones within the Beaufort Sea. Histograms illustrate proportions of those relocations made in each zone. For example, 32% of the 2,226
relocations 01 bears originally captured in the Lonely zone were recorded in the Barter Island zone, Alaska; 47% of the 1,079 relocations
of bears captured in the Wainl'.Tight zone, Alaska. were recorded in the Chukchi zone.

OCCurs in Alaska and much of the harvest along the
mrlinland coast of northwestern Canada.

Oat;l were analyzed for .189 captures of 534 bears
between 1967-1974 (a period of hypothesized over
harvest) and for 1.087 captures of789 bears obtained
octwcen 1981-1992 (:1 period when the population should
have recovered from over-ha!"vest). Population growth
throughout the intervening years was also examined
(Am5tmp 1995, Al11.~trup ct al. 200 I).

Amstnlp et al. CWOI) and t1cDonald and Amstrup
(2001) suggested that the Humber of polar bears in the
Southern Bcaufort Sea popuilltion grew at more than )';';;,
per year between 1967 and 1998. reaching an estimated
population tll'lt could he as high as 2.500 animals.

Although contact with hydnw;lrbons Gin have scriOlIS
ramifications for polar bears (Amstmp et al. 1(89). the
Jlolar bear's apparent rapid population growth has
spanned the entiro.~ history of petroleum de\'l'lopmcllt in
arctic Al:lskil fAmstrup 2000, Amstmp et a1. 2001.
i\lcDonald and Amstrup :WO\). This suggests that
managed resource development can be compatible with
healthy polar bear popUlations. Also ellcouraging h [he

lIew ability 10 estimate potential impacts that oil spills
may have on polar bears. TIlnt ability has major
ral1lificatiol1.~ for assessing risks of a variety of potential
developments (Dumer et al. 200lb).

Both IOllg and short-term trends in condition of
individual animals were observed during this study.
Condition of adult females, as reOected by total mass.
showed significant seasonal trends (Durner and AmstrIJp
1996). Despite seasonal Ouctuations, longer-term trends
also were suggested. Trends in recruitment and survival
rates (in the 1970s compared with those from 1980
through 1992) suggested all inverse compensatory
relationship hetween tlllal popUlation size and recruitment
of sllbadults. Popul:llion size alone explained ,SSt;:;, of the
v.1riation in pmportions of 2- anti 3-year-olds in annual
samples (Armtrup 1995). Large populatiolls of the laller
pan of the slUdy appeared to recruit proportionately fewer
ju \'cniles, and snwller popUlations of the early pari of the
study recntitetl higher proportiolls of juveniles.

Condition of single adult females and those willi cubs,
;15 rctkctcd in mcasuremcnts of ;lxi;ll girth. appeared to
decline significantly :IS the population grew. PI)jlulatio/J
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size alone explained 75% of the variation in axial girth of
reproductive age females.

Although numbers of young produced per female
when the population was small «0.40) and when it was
large «0.38) were similar, Iillers of Illore than one
yearling were more frequell! when the population \Va.'i
small. Sampling inconsistencies during the 2 periods
precluded comparison across years for cubs and 2-year
olds but not for yearlings. Observed reproductive
intervals of 3.4 and 3.7 years in early and late periods
were suggcstive of change, but not significantly different
(Amstrup 1995). The :lge structure of the small population
\\'a,'i younger than that of the larger population of later
years.

Survival of aduHs, as calculated from life tables, was
higher :lIId survival of yOLlng lower when the population
was large. Survival rates of adult Beaufort Sea polar
bears, however, were as high or higher than those
measured anywhere else. Annual survival of radio
collared females ranged from 0.946-0.980 (Amstrup and
Dumer 1995). Survival of cubs ranged between 0.610 and
0.675, while that of yearlings was 0.751-0.903.

Intllis study hunting explained 85% of the 
documented deaths of adult female polar bears (Amstrup
and DUnJer 1995). Natural mortalities were not cOllllllonly
observed among prime age animals (Amstrup and Nielscn
1989), and we still know lillie about Ille proxirn:lIc causes
of natura} deaths among polar bears.

In the early 1990;;, the trends described above
suggested a population that could be approaching carrying
cap;lcity and was dtller swble or growing more slowly
than in the early 1980s. 1I.10re recent data suggest an
alternate hypothesis: ApP;lrent density dependence was a
function of more transitory ccological effects. The
apparent continued growth of the population illlo the latc
19905 and the expansion of numbers of matcrnal dens as
well as expanded ureas ll.~ed for Jenning (st'(.' bdo\l')
appear to contradict earlier conclusions regarding
carrying capacity and density effects. This suggests that
issues related to population statuS should be revisited
(AllIstrup et a!. 1986, Arnstrup 1995, Am.,tmp et a!. 2001,
tl-fcDonald and Alllstrup 2001).

Estill1:lIed numbers of bears at the close Ilf tile study
were relatively large. Effects of the increasing human
intrusions into the polar be;lr environr1lent lI;we not been
observed at a population level, suggesting that pro;H.:tive
management can assure coexistence of polar bears ;lIld
human developlllents.

AbsllllllC numbers of bears, howcvCl", still are ,mall
<2ompared to many other .~pecies. Early estimates
suggested the additional loss of ;IS fev,; ·as 30 bears each
year might push the total take from the population to the
m;lxillluill sustained yield (Amstrup et al 1986, Amstfup
;md DeI\'faster 1988). Excess take did predpitate a decline
in the 1%05 Hlld 1970s. H,:nce. although POPlJlatillJlS may

now be ncar historic highs, managers must be alert to
possible changes in human activities, including hunting
and habitat alterations that could precipitate future
declines.

Reproductive Significance of Maternity Denning
on Land

The distribution of polar bears is circumpolar in the
N{)fthern Hemisphere, bUlmatemal dens known at the
stan of this project were concentrated in relatively few,
widely scattered locations (Amstnlp 1986, Amstnlp et al.
1986, Amstnlp and DdI'laster 1988, Amstrup and Gardner
1994).

Among the best-known denning concentration areas
were the SVillbard Archipelago north of Norway; Franz
Josef Land, Novaya Zemlya, and Wrangel Island in
Russia; and the west coast of Hudson Bay in Canada.
Denning W;JS cither unCOllllllon or unknown in gaps
between known denning concentration areas. The
Beaufort Sea region of Alaska and Canada lay int11c
large.~t of those gaps, :md some had hypothesized that
polar bears of this region actually were born in other
areas.

Now we realize that the coastal plain area of the Arctic
National Wildlife Refuge lies in a region of polar bear
denning; :ll1d its coastal plain also may contain significant
gas and oil resources. Polar bears in dens could be
affccted in many ways by petroleum development, but
neither the distribution of dens nor the sensitivity of bears
in dens was known before our rcsearch (Al11stnJp 1986,
Amstrup and DeMaster 1988).

To ;lscerlain the /lumber and distribution of Jenning
polar bears that could be impacted hy oil development on
the Arctic Refugc coastal plain, we cstablished the
following research objectives: I) to determine the
distribution of polar bear dens in northem AlaSKa, 2) to
as<2ertain the time that polar bears enler and emerge frolll
dens, 3) to calculate the relative success rates of dens or]

land and 1)J1 sea icc, and 4) to determine whether oil and
gas exploration and dcveloplllelll of the Arctic Refuge
coastal plain would adversely impact polar bears of the
Beaufort Sea by dismptillg denning activities.

Po!;lr bears were captured and radio-collared between
1981 and 1992. Amstmp and Gardner (1994) determined
that denning in the Beaufort Sea region was sufficient to
account for the estil11;lIed pOJlulation. They :llso noted that
the proportion of dens on land was. higher in the !nte
I980s and early 1l)()Os than it was earlier in the study
(Fig. S.2). 'nl;lt trend continucs, and other distributional
changes al so Illay have occurred in the late 1990s and
early 2000s. Of a IOtal of IS2 dens located by telemetry
between ,~pring of 1982 and spring of 2001, 150 were
within the study area from 16]0 to 137" W longitude
(Pointl-Jope to :'hJc.kenzie Rivcr). Polar bear dens in this



68 BIOLOGICAL SClENCE REPORT USGSfBRD 2002-0001

Figure 8.2. Number of polar bear dens localed by radio-lelemelry in
each of 3 substrates, 1981-1990.

region continued !O occur on land, pack iL:e, and land-fast
ice.

WCre II November and 5 April for land dellS and 22
November and 26 lvtarch for pack-icc dens (Amstnlp and
Gardner 1994).

Female polar bears captured in the Bl:aufort Sca
apPl:ared to be isolated from those caught cast of Cape
Bathurst in Canada. Bears followed to >1 den did nOI
reUSl: siles, and consecutive dens were from 20 km to
1,304 kill ap<lrt (Fig, 8.3). However, radio-collared bears
were u~'ually f:lithful to :;ub:;tr,llc (pack icc, land, land-fasl
ice) and the general geographic area of previous dl:ns
(Amslrup and Gardner 1994).

Of lhe 73 dens found by radio telemetry on the
mainland CO:lst of Ala.~ka and Canada (land plus faSI-ice
dl:ns), 32 (44%) were within lhe bounds of Ihe Arctic
Refuge and 24 (33%) were within the 1002 Area.

The proponion of dens locatl:d on the Arctic Refuge
dropped frolll 47'70 10 41 % when lhe periods before :lnd
after 1992 wcre compared, while the proponioll of dens
located within the bounds of the 1002 area dropped from
36% 10 30%. The decrea.'>c in proportion of land dl:llS on
the Arctic Refuge was accomp3nied by an increase in the
proportion of dellS found 011 land areas west of the Arctic
Refuge. Although this diSlribution shift is 1I0t statistically
significant (Chi-square lest P = 0.88), it is readily
app.:m:nt all the m.lp (Fig. 8.4),

The shift may be explained simply by sample size
limitalions. The continuing growth in polar bear numbers,
the continuing trend in proportion of dens 011 land, and
perhaps changing freeze-up conditions in the hlst decade
all may be influencing the distribution of dl:nning efforts.
111e apparent increase in numbcrs of bl:ars denning on
land and the incrc,1scd land ,lren used for dl:nning
corroborates estimates, reponed earlier. that suggl:sll:d a
continul:d increase in tOlalnumbers of polar bears
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Seventy-three of the 150 mateOlal dens discovered by
telemetry between 16r Wand 137" W wefl~ on land or
land-fast ice where they wcre potcntially vulnerable to a
variety of human disturbances.

The remaining 77 identified maternal dens were on
drifting pack ice where they were relatively invulnerable
to most hUlllan 3ctivities. 111e proportion of pack-icc dens
dropped dramalically in the lauer half of lhe study. A
decrease in slUdy elfort in offshore regions in the late
1990s lIlay explain a portion of thc declinc inl\umbers of
dens found on p:lck ice. Bears denning on p<lck ice drifted
as far as 997 krn while in dellS and were potentially
vulnerable to n variety or natural forces thaI could
compromise lhcir security while occupying dens
(Amstrup and Gamer 1994).

There was no differencl: in cub production by be,us
denning on land and paL:k icc. I\.fcan enlry and exil dates
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Figure B.3. Maternal den locations for 5polar bears followed to dens for more than one ~ear. All dens were located by radio telemetry. Bears
repeatedly denned inlhe same general geogmphic area, but not the same place. Likev,ise, polar bears repeatedly denned in the same substrate.
(from Amstrup and Gardner 199.t)
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FIgure 8.4. Distribution of maternal dens of radio-collared polar bears along the northern coast of Alas~a and Canada, 1981-2001,
(updated from Amstrup and Gardner 1994)

throughout the sludy period. 111e distribution of lIlatemal
denning continues to be a fenile area for future research.

Despite a possible decline in proponionaluse of the
Arctic Refuge for denning, there still appears 10 be a
higher concentration of dens on the Arctic Refuge than on
adjacent lands. DeveloplJlcnt of hydrocarbon resources
tllerdorc could incrC'\.~e the potential for disturbance of
denning polar bears by human activities.

Because the chronology of denning is now known,
howcver. human activities could bc temporally managed
to minimize cxposure of denning bears (AmstOlp 1993,
Amstmp and Gardner 1994). Spatialmanagelllcnt of
industrial activities could further Illinimize exposure of
dens to disturbanc~sbecause Jenning occurs in low
density (including the Arctic Refuge) within relatively
uncomlllon habitats that can be mapped (Amstmp 1993,
Dumer el al. 200Ia).

Available data indicate polar bears arc relatively
resilient to disturbance, coming from Ollt side their dens
(Amstrup 1993. Amstrup ,lIld Gardner 1994). Data
showcd that dcns exposed to even high levels of activity
did nol suffer a delC'cwble reduction in productivity

(Amstmp 1993). Pcnurhatiolls resulting from capture,
marking, and radio tracking nwtcmal bears did not affect
litter sizes or stature of eubs produced; and 10 of 12
denned polar bcars exposed to exceptional levels of
activity were not measurably affccted (Amstmp 1993).

Hcnce, polar bears in dens llIay be less vulnerable to
human disturb,lnces than previously thought. TIlis finding
corroborates the oh.~crvadons or Blix and Lentfer (1992)
who reported that polar bears in dellS arc well insulated
from disruptions outside of their dellS.

Aggressive and proactive management, therefore, can
minimize or e1iminatc most of the potential adverse
clfeets of hUlllan developmcnts on denning polar bears. It
will be important to conduct rcsearch and monitoring of
polar bear denning and ecology concurrent wilh any
approved dcvelopments III assure that managelllent efforts
do have the desired mitigation effccl.~.
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features snow gtese selecled when feeding (Hupp and
Robertson 1998).

Figure 9.1. Numbers of lesser snow geese observed on the coastal
plain of the Arctic National \'fIldlife Refuge, Alaska, USA. during aerial
surveys from 1982·1993. Poor weather prevented surveys in 1990 and
1991.

Snow Goose Habitat, Food, and Energy
Requirements

TIle staging ;:Irea on the Beaufort Sea coastal plain
provides forage tll .. t geese use to build energy reserves
prior to continuing their migration sOlllh (Pallerson 1974).
Upon departure from the cO;lstal plain, snow geese make a
2,000-klll-nonswp night to tlle next stopover area in
110nhern Alberta (Johnson and I-lcner 1989). Geese that
lack sufficient fat reserves lllay be less likely to survive
migration (Dwell and Black 1991).

Because snow geese arc easily disturbed by human
aClivity (Davis and Wiseley 1974, Wiseley 1974, Belanger
and Bedard 1989), development of the coastal plain could
displace geese frolll feeding habitats. Exclusion from
feeding habit:lts could reduce the likelihood that staging
geese would acquire fat reserves needed for migration. To
identify snow goose areas that could be impacted by
developmellt, we needed data on forage preference as
well as the distribution and avaihlbility of feeding
habitaL~.

We studied body condition and diet of snow geese in
order 10 understand their energetic and nutritional
demands. Wc also ~lssessed usc and availability of fceding
habitats and the effects that grazing geese h;ld on
vcgetation at the.~e sites.

Body condition and diet tlf l.'i I snow gcc~e collct:ted
durin!:! 1984-85 ;UH119K8 were cvalll;lted (Fig. 9.3). Adult
sl\ow-gecsc gained an average of 22 g of body f;lt/day and
departed the Arctic Refuge with about 600 g of fal
reserves. Juveniles ;lrrived on the Art:tic Refuge with
srna!lt:r fat reserves than adults, acquired lipid reserves at
a slo\\"er rate (I] g/day), and departed with smaller
reserves (375 g). At the end of staging, juvcniles lj;\d

Section 9: Snow Geese

Part of the coastal plain of the Arctic National Wildlife
Refuge, Alaska, is used as all autumn staging area by
lesser snow geese (Chell cacru{c.fcens c(/nllh'.fc~'!ls) from
the Western Can;:ldian Arctic population (hereafter called
the Westem Arctic population). There were approximately
200,000 breeding adults in the Western Arctic population
through the mid-1980s (Johnson ~llId Herter 1989), btlt the
population has recently increased to about 500,000
breeding adults (Kerbes et a!. 1999).

Early in their autulllllllligration, adult and juvenile
snow geese from the Western Arctic population feed
intensively while staging on the Beaufort Sea coastal
plain in Canada and Alaska to build fat reserves lJ(;:eded
for migr~ltioJl. Aerial census!!.s from 1973 to 1985
indicated that up to 600,000 adult and juvenile snow
geese used the coastal plain for 2-4 weeks in late August
until mid-September (Oates et al. 1987).

We studied arlnual variation in numbers and sp;lti,ll
distribution of snow geese tlwt staged on the coastal plain
of the Arctic Refu£e.

Numbers and distribution of SIIOW £eese on the Arctic
Refuge were assessed from aerial surveys during 9 years
from 1982-1993 (Robertson ct al. 1997). During surveys
biologists estimated the numbers of geese in flocks and
marked flock locations olllOpographic maps. Survey
results were digitized on a lllilJl of the coast:d plain. A grid
of 25-km" cells was superimposed over the digitized map.
We t~llJied the numbers of geese observed in a cell during
each survey and the /lumber of years each cell W~lS uscd
by geese.

The numbers of snow geese that staged on the Arctic
Refuge ranged frolll 12,800 to 309,200 individuals across
years (Fig. 9.1). The numbers were highly variable
because in some years most of the population remained in
Canada. whereas in other years the majority of the
Westem Arctic population staged on the .·\rctic Refuge.

Snow geese occupied approximately 605,000 ha of the
Arctic Refuge coastal plain between the I-Iulahula River
and Canadian horder. Only 20',:;" of the 25-klll l t:ells wcre
frequently u.~ed (i.e., used ~j years) yet 80% of the
frequently 1I,eu cclb fell within the boulldarie.~ of the
JO02 Area (Fig. 9.2). The mid·coastal p!;lin,!letween thc
Okpilak and Aichilik rivers was used more frequently
than areas ncar the coast or the steep foothills. ArC;lS that
were used frequently were :l!sO llsed by larger Illllllbers of
geese. Frequently used ;lreas had Illore of the landscape

Size and Distribution of Snow Goose
Populations

Jerry n~ lillpp, OOlllla G. Robnt.'lo/l, am! A/all IV.
Brackney



72 BIOLOGICAL SCIENCE REPORT USGSffiRD 2002-0001

_ High Use,AreI1 (5 or more }'\'anI)
_ Medium Use Area (3 to -I years)
_ Low Usc Area (1 to 2 yell1!:i)
r:::J An.1.k NWR l..and.5
rZJ Kaktovik Jnuplat Corp. u.nds
- - 1002 Boundary

A

-_.:::::", ------=--
Lesser Snow Geese

Use Areas, 1982 - 1993
o S 10 15 20m!

IJ 8 J6 U ~km

N

FIgure 9.2. Frequency 01 use of 25·km1 cells by lesser snow goose flocks on the coastal plain of thQ Arctic National 'Nildlife Rduge, Alaska,
1982-1993. Use of ceils by snow geese was assessed during aerial SUlveys.

proportionally smaller lipid resen'es (15-18% of body
Illass) lhan adults (21-24':',;" of body mass) and likely were
al greater ri.~k of having inadequate energy reservcs for
migration.

We examined esophageal contenls of snow geese to
idelltify important forage species (Brackney and Bupp
1993). Snow geese primarily consumed 2 food items: the
underground stcmbase of Eriophorllm IJIlgusrijolillll1 (tall
couongrass) and the aerial shoots of Eqllist'1U1II
variCglll!l1Il (northern scouring-rush). The birds typically
fed on northern scouring-nlsh during the morning whell
surface soils and Wall:[ were frozen, and they consumed
underground parts of tall coUongrass during afternoon
and evening ancr soils had thawed.

We examined forage illlake and digestibility among
captive snow geese 10 beller understantlthe population's
forage requirements (Hupp et a!. 19(6). Snow geese fed
for a high percentage of the day (5{)'(iO';""r) and maintained
high rates nfforage intake (14 g dry matter/hour). On a
daily hasis a goose probably consumes the equivalellt of
about 3Wi, of its body llIass in clltlOllgrass stl'lllbases, :\

population of 300,000 snow geese that stages for 3 weeks
could consuillc as much as 4,200,000 kg (wet mass) of
cO!longrass stembases. Thus the population consumes a
very large amount of forage in a short period.

Nonhem scouring-rush primarily grew on riparian
terraces within 400 m of river channels. Riparian terraces
adjacent to rivers arc important habitat for snow geese as
Illey feed on scouring-msh.

We measured vegetation and soil moisture at sites
where snow geese fed 1m lall cOllongrass, and then we
devdoped a statisticall1lodelto identify suitable feeding
habitat (llujlp and Robertson 1998). Thc model was tested
using captive snow geese. Snow geese typically e.\ploited
small, homogeneous patches of cOlltlngrass in flooded
areas. 'Illey avoided uplands and flooded areas where
cOllongrass was imermixed with Cafex, shrubs, or
tussocks.

The habit'll selection model was used to assess the
availability of couongrass feeding sites along 192
randomly located transects on the 1002 Area cast of the
lIulahula River. Cottongrass fceding sites occurred in
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reduces forage availability in subsequcnt years. Geese
may be unable to successfully exploit a site for several
years after it has been grazed.

Snow geese consume large volumes of forage at
feeding sites that are slll<lll, patchy, and comprise .:53% of
the l:l.lldsc<lpe. Feeding on cotlongrass at a site reduces
forage abundance at that location for al least several
years. Snow geese in the Western Arctic population usc an
extensive staging area because forage availability varies
both spalially and temporally. Variation in the numbers of
staging geese on the Arctic Refuge is likely due to annual
differences in habitat conditions. Poor forage conditions
or the presence of snowcovcr on the Canadian portion of
the staging area lIlay contribute to grealer number of
staging geese on the Arctic Refuge.

FIgure 9.3. Rates 01 lipid deposition by lesser snow geese during fall
staging on the Arctic National Wildlife Refuge, Alaska. Geese were
collected in 1984, 1985, and 1988. Data were pooled across years and
size of fat reserves scaled to the date geese were first obselVed on the
Arctic Refuge in each year,

Effect and Mitigation of Human Activities on
Snow Geese

Staging snow geese are easily disturbed by aircraft
activity (Davis and Wiseley 1974, Belanger and Bedard
1989). Repeated aircraft disturbance can reduce their rate
of food intake due to disruption of feeding behavior and
displacement from feeding habitats. Reduced fat
accumulation and diminished survival during migr3tion
could result from repeated aircraft disturbance.

The following objectives were designed to llssess
snow goose response to experimental aircraft overflights:
I) determine the effect of aircraft on activity patterns and
habitat usc, 2) calculate the effect of increased stress or
displacement caused by aircraft overflights on the energy
budgels of the geese, and 3) determine implications of
petroleum devcl(lpmelll to survival of snow geese.

Studies of aircraft disturbance were limited due to low
numbers of geese on the Arctic Refuge in most ycars from
1988-1993. poor weather, and the need to meet other
study objectives. Snow geese flushed at a mean disl;lnce
of 5.2 km (SD = 2.Y) from a Bell 206B helicopter during
overl1ights in 1991 (11= 19). Flocks were displaced an
average of 1.8 km (SD = 2.0) froilltheir feeding sites.

TIlese results arc similar to a 1973 study of aircraft
distmhance to the Western Arctic population in Canada in
which fixed-wing aircraft and helicopters l1ushed snow
goose Hocks wilhin a 6-km radius (Davis and Wiseley
1974). In that study, l10cks were disphu.:cd an average of
1.9, 1.6. and 5.9 kill frolll feeding sites by helicopters,
small, and large fixed-wing aircraft, respectively.

Several studies suggest that human disturbance can
displace staging snuw gee.~e from feeding habitats and
possibly diminish the size ofjuvcnile fat reserves. A study
of staging greater snow geese found that >2 disturbances!
hom caused 50% fewer geese to usc the disturbed area
!11e following day (BClanger and Bedard lYH9). Energetic
reserves of juvenile snow geese staging on the coast of
the Beaufort Sea in Canada were projecled to diminish
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snHlll patches that were highly interspersed with less
suitable feeding habitat. 'Il\l~Y were widely distributed but
comprised a small percentage (.:53'}i;,) of the study area.

Larger-scale micro-relief features weft~ also examined
at SIlOW goose fceding areas. COHongrass feeding sites
primarily occurred along Ilarrow « I 1lI) edges of Hooded
thermokarst pits, water tracks, and troughs. When feeding
on cottongrass, snow geesc selected area.~ with greater
availability of therlllok<!rst pits and avoided uplands, low
center polygons, wet meadows, and strangmoor (Hupp
and Robertson 1998).

'nlernwkarst pits and water tracks were widely
available in tile mid-coastal plain between the Okpilak
and the Aichilik rivers. Greater availability of co[[ongrass
feeding habitat in that region likely accounts for its more
frequent usc by snow geese (Bupp and R9bertson 199:\).

Snow geese removed the undergroiintl portion of
cotlongrass frolll which plants rcgenerate. Four years after
an expaimemal removal, the biolll<lsS of stembases in
treatment plots was approximately 50% of that in control
plots (Hupp et al. 2000). Feeding by snow geese likely
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