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Preface

In 1980, when the U.S. Congress enacted the Alaska National Interest Lands Conservation Act (ANILCA), it also
mandated a stady of the coastal plain of the Arctic National Wildlife Refuge. Section 1002 of ANILCA stated that a
comprehensive inventery of fish and wildlife resources would be conducted on 1.5 million acres of the Arctic Refuge
coastal plain (18602 Area). Potentia! petroleum reserves in the 1002 Area were also to be evaluated from surface geological
studies and seismic exploration surveys. Results of these studies and recommendations for future management of the
Arctic Refuge coastal plain were o be prepared in a report to Congress.

In 1987, the Depastment of Interior published the Arctic National Wildlife Refuge, Alaska, Coastal Plain Resonrce
Assessment - Report and Recommuendation to the Congress of the United Staies and Final Environmental Impact
Statement, 'This eeport to Congress identified the potential for oil and gas production {updated* most recentdy by the
1.8, Geological Survey in 2001), described the biological sesources, and evaluated the potential adverse effects to fish
and wildlife resources. The 1987 report analyzed the potential environmental consequences of five management
alternatives for the coastal plain, ranging from wilderness designation to opening the entire area to [ease for oil and gas
development. The report’s summary recommended opening the 1002 Area to an orderly oil and gas leasing program,
but cautioned that adverse effects to some wildlife populations were possible,

Congress did not act on this recemmendation nor any other alternative for the (002 Area, and scientists continued
studies of key wildlife species and habitats on the coastal plain of the Arctic Refuge and surrounding arcas. This repon
comtains updated summaries of those scientific investigations of caribou, muskoxen, predators (grizzly bears, wolves,
golden eaples), polar bears, snow geese, and sheir wildlife habitats,

Contributions to this report were made by scientists affitiated with the U.S. Geologicat Survey; U.S. Fish and
Wildiife Service; Alaska Departmeat of Fish and Game; University of Alaska-Fairbanks; Canadian Wildlife Service;
Yuken Department of Rernewable Resources; and the Northwest Territories Department of Resources, Wildlife, and
Economic Development,

Scctions of the report presenting new information on caribou and forage plants were peer-reviewed by three
independent, nen-affiliated scientists. The remaining sections summarize previously published peer-reviewed scientific
papers and were reviewed by a single independent scientist. The U.S. Geotogical Survey and the U.S. Fish and Wildiife
Service collaborated in the publication of this report.

* LS. Geological Survey Fact Sheet FS-028-01
htip:ffgeclogy.crusgs. gov/pub/fact-sheels/fs-0028-01/
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ARCTIC REFUGE COASTAL PLAIN TERRESTRIAL WILDLIFE RESEARCH SUMMARIES !

Section 1: Introduction

Background

The Arctic National Wildltfe Refuge in northeastern
Alaska is one of 16 refuges in Alaska and 539 refuges
nutionwide within the National Wildlife Refuge System
adminislered by the U.S. Fish and Wildlife Service. First
established as the Arctic National Wildlife Range in 1960
by Public Land Order 2214, it initiadly had a three-fold
purpose to preserve unique wildlife, wilderness, and
recreation values on 8.9 million acres.

In 1980, the Arctic National Wildlife Range was
expanded o the southwest and renamed the Arctic
National Wildlife Refoge {also called the Arctic Refuge in
this report) when e U.S. Congress passed the Alaska
National Interest Lands Conservation Act {ANILCA),
Public Law 96-487 (94 Stat. 2371}, This legislation also
designated almost atl of the original Arctic National
Wildtifc Range as wilderness, and it directed the
Secretary of the Interior to conduct studies evaluating
both the biological resources and the potential petroleum

reserves of 1.5 million acres (titded the 1002 Area) on the
coastal plain of the Arctic Refuge.

In April 1982, the Arctic Refuge stafl completed a
report summarizing the then current stite of knowledge
on the fish, wildlife, and their habitats present on the
coaslal piain of the Arctic Refuge (U.S. Fish and Widlife
Service 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 reponts and other resources were used to
prepare a Department of the Interior report to Congress:
Arctic National Wildlife Refuge, Alaska, Coastal Plain
Resource Assessment - Report and Recemmendation to
the Cangress of the United Staies and Final
Environmeniat Impact Starement {Clough et al. 1987),

Biological investigations continued from 1988 through
1994 in and near the 1002 Area coordinited by research
scientists from the U.S. Fish and Wildlife Senvice who are
naw pan of the U.S. Geological Survey (McCabe et at.
1992). Caollaborators included specialists from the Arctic
National Wildlife Refuge: Alaska Department of Fish and
Game: University of Alaska-Fairbanks; Canadian Wildlife

- Roads
Pipeline

= Asetic KWR boundary
™ = ¥02 boundary
= International boundary

R

Arctic National Wildiife Refuge
and Surrounding Areas

. ”
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Figure 1.1. Geographic map of the Arclic Nalional Wildiife Refuge, Alaska, USA, and surounding areas.
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Service; Yukon Department of Renewable Resouvrces; and
the Northwest Territeries Departinent of Resources,
Witdlife, and Econemic Development. Additiona)
information continued to be collected from 1995 until the
present (2001) as part of monitoring caribou (Rangifer
farandus), polar bear (Ursus maritimus), and muskox
{(Ovibos moschatus) populations and their habitats.

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

Study Area

The studies summarized in this repornt focused on the
1002 Area of the Arctic National Wilditfe Refuge but also
extended inte adjacent regions of the Arctic Refuge,
eastward inta Canada, and as far west as the Prudhoe Bay
and Kuparuk petroleum development areas in north
central Alaska (Fig. 1.1).

The Arctic National Wildlife Refuge is the targest and
most nerthern national wildlife refuge in the United
States, encompassing 19.6 million acres (30,000 square
miles). A variety of arctic and subarctic habitats exist in
the Arctic Refuge, including near shore marine habitats
along the coast, arctic tundra on the coastal plain, alpine
habitats in the foothills and mountains of the Brooks
Range, and tatga and boreal forests south of the
nrountaing (Fig. 1.1).

The coastal plain of the Arctic Refuge containg
calving grounds of the international Porcupine caribou
herd, year-round habitats for muskoxen, fall staging areas
for lesser snow geese (Chen caerulescens caerulescens),
denning habitat for pregnant polar bears, wnd summer
nesting areas for numerouns species of migratory birds,

The 1002 Area is a region on the coastal plain in the
northern part of the Arctic Refuge (Fig, 1.2). It lies
between the mountains of the Brooks Range {699 35° N)
and the Beaufort Sea (707 10' N) and is bounded on the
cast by the Aichilik River (142° 10" W) and on the west by
the Canaing River (1467 15 W),

Mumerous nerthward-flowing rivers and streams
bisect the 1002 Area. Qoly a few targe [akes are present
and most freeze to the bottem by late winter, The climate
is characterized by extremely low winter temperatures,

persistent winds, and short cool summers, Temperatures at .

Kaktovik on the coast of the Beaufort Sea (Fig. 1.2),
averaged -25°C (-13°F) in February and +6°C (+43°F) in
June during 1986-1995,

Precipitation occurs frequently as drizzle in summer
and light snow in winter. The ground suetace is frozen
from September until Junc. A permanently frozen
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substrate catled permafrost lies below the surface of the
s0il, Winter conditions with below freezing temperatures
and spow exist for 8 to 9 months each year. Easterly
winds predeminate most of the year, although storms
usually arrive on westerly winds, At Kaktovik, the sun is
continuously above the horizen from May 15 to July 27
and below the horizon from November 24 1o Janvary 17.

The mountains of the Brooks Range converge with the
Beaufort Sea in this northeastern corner of Alaska. The
result is a unique juxtaposition of landscape features in
the Arctic Refuge compared with surrounding areas (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 area.

Vegetatton in the study area is predominantly tundra
with g groundeover of low-growing plants (<1 foot high)
that includes dwarf shrubs, sedges, small herbs, lichens,
and mosses. Taller shrubs are resiricted to drainages and
south facing slopes. Almost the entire coastal plain is
classified as wetland.

Five termain types predominate across the study area.
Mountain terrain, with i1s complex and often sparsely
distribuled vegetation communities, occurs along the
southern periphery. Sedges, tussock-forming sedges, and low
willow and birch shrubs dominate the foorhill rerrain. Hilly
coastal plains of gently rolling topography have large areas
of patterned ground formed by icc-wcd'gc polygons and frost
boils and support tussock tundra, low shrubs, and graminoid-
dominated tundra. River flood plains support localized

-habitats of willow thickets as well as a nich diversity of other

plant species and communities, Flar thaw-lake plains near
the seacoast have wet and moist gramineid tundra and
abundant shallow lakes formed by thawing of permafrost.

More extensive descriptions of the study area can be
found in Clough et ul, (1987) and U.S Fish and Wildiife
Service (1982, 1988).
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Section 2; Land Cover

Janet C. Jorgenson, Peter C, Joria, and David C.
Douglas

Vegetation Mapping of the Arctic Refuge Coastal
Plain

Dacumenting the distribution of land-cover 1ypes on
the Arctic Nattonal Wildlife Refuge coastal plain is the
foundation for impact assessment and mitigation of
potential oil exploration and development, Vegetation
maps facilitate wildlife studies by allowing biologists to
quantity the availability of immportant wildlife habitats,
investigate the relationships between animal locations and
the distribution or juxtaposition of habitat types, and
assess or extrapolate habitat charucteristics across
regional areas.

To meet the needs of refuge managers and biologists,
satellite 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: 1)
evaluate a vegetation classification scheme for use in
mapping; 2) determine optimal methods for producing i
sateHite-based vegetation map that adequately met 1he
needs of the wildlife research and management
objectives; 3) produce a digital vegetation map for the
Arctic Refuge coastal phain using Landsat-Thematic
Mapper (TM) satellite imagery, existing geobotanical
classifications, ground data, and aerial photographs; and
4) perform an accuracy assessment of the map.

The land-cover classification scheme developed for
the mapping project was based on Walker's hierarchical
vegetation classification system for northern Alaska
(Walker 1983). During the development of the map, the
scheme was aliered slightly to provide a group of land-
cover classes that were more compatible with the
information content of the Landsat-TM spectral data and
ancillary data. Wildiife biologists were consulted to
cnsure that the system inchuded land-cover types relevant
to wildlife habital studies,

We conducted a preliminary assessment of mapping
tundra habitats with Landsat-TM and SPOT satellite
rmage data. We used an integration of the 2 data sources
for one study area and used Landsat-TM exclusively for
another, Results indicated that the expense {at the time of
the study} of inegrating SPOT data would not be cost
effective for the entire mapping project. Landsat-TM
methods, however, could improve existing maps made
previously with Landsat-MSS data due 1o TM's finer
spatial resolution and additional spectral bands,
Therefore, further studies focused on using the Landsat-
~TM dara.

We evaluated 3 methods for producing a land-cover
map from Landsat-TM data: 1} a supervised classification
approach where spectral categories were defined by
reference to field data; 2) an unsupervised approach
where spectral calegories were defined by a statistical
clustering algorithm without reference to field data; and
3) amodceling approach where the unsupervised
classification was combined with ancillary data about the
landscape, such as terrain types, slope, and elevation
(Joria and Jorgenson 1996). Accuracy assessments
indicated that modeling was the best approach due 1o
timited spectral differences among several tundra
vegetation types.

Spatial data vsed to produce the land-cover map
included 2 Landsat-TM multispectral images, digital
clevation data (including derived slope and sun-
illumination themes), and maps of riparian zones and
terrain types (including hilly coastal plains, foothills,
mountains, thaw-lake plains, and floodplains), Each of
these data seurces comprised a thematic layer in a
geopraphic information system (GIS).

Field data were cellected at 102 siies in the Arctic
Refuge, with 5 to 20 plots established in different land-
cover types at each site over 4 years. The sampling
tocations were digitized and a GIS theme 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 land-cover type, the ancillary, non-spectral data
layers were used to improve the classification (Hutchison
1982). Each spectral class was cross-tabulated with the
field Jand-cover, terrain type, elevation, sun-iflumination,
and sfape layers. These tables were used to guide the
modeling of decision rules for splitting confounded
spectral classes into separate land-cover types.

The land-cover class assigned to cach unit area on the
nap (30-m? pixel} depended on its spectral class and
associated ancillary data, most commonly stope and
terrain type. Preliminary land-cover maps were praduced,
and then the distribution of each land-cover class was
viewed in conjunction with color-infrared aerial
photographs showing vepetation o Jjudge the map
accuracy. Additional field data were gathered for problem
areas, and the deciston rules were modified as necessary.
The process was repeated through several iterations
before the final map was produced.

The mapping methods, data, summary statistics, and
an ccuracy assessment were presented in 1 map user's
guide (Jorgenson et al, 1994}, The tmage processing
methods were presented in more detail in Joria and
Jorgenson 1996. Sixteen land-cover classes were mapped
(Fig. 2.1). They included: 19 wet graminoid tndra, 2} wet
gramimoid windra with 10-50% moist inclustons, 3) moist
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Figure 2.1, Land-cover map of the 1002 Area with coresponding vegelation class names, descriptions, and class codes, Arctic National
Wildlife Reluge, Alaska.

sedge-willow wndra with 10-50% wet inclusions, 4) on high-centered polygons, 10) Diryas-graminoid alpine
moist sedge-willow tundra, 5) meist sedge-Dryas tundra, tundra, 11) riparian shrub, 12) Dryas river terrace, 13)
&) moist sedge-tussock wundra, 7) moist shrub-tussock partially vegetated, 14) barren, 15) ice, and 16) water,

tutuden, 8} meist low-shrub windra, 9) meist shrub tundra
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The land-cover classes are described in detail 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, and
cross-reference to 7 other ¢lassification systems used in
northern Alaska.

An accuracy assessment was performed with an

independent data set of 318 vegetation plots that wese not

used 10 make the map. The plots were systematically
Tocated across the coastal plain and foothills but not
across the mountains, Point-by-point overad] agreement
between the mapped land-cover classes and the field-
assigned classes was 50% (Table 2.1).

Although land-cover types in the classification system

were distinet, land-cover types in the field occurred
across a continuum. Almost all of the vegetation in the
mapped area was less than 0.5 meters tall and the
structural and flonistic differences among refated types
were not great. Subtle transition zones between land-
cover Lypes are characteristic of the vegetation of low
arctic tundra, Most errors reported in the accuracy

assessment were between closely related types that were

typically adjacent and interspersed in the field.
Approximately 86% of the assessment points were

classified as the correct type or one of the most closely

related other types. Agreement is higher when similar

classes are combined into the fewer, more general classes

typically used in wildlife studies. For example, when the
map was combiged into 6 or 7 more generalized classes
for ungulate habitat studies, over 70% agreement was
obtained. The greater initial detail of the 16-class map
was preserved, however, because it allows adaptability to
a wider range of studies.

Proportional occurrences of the vegetation classes
across the estire coastal plain and within various tefratn
types were roughly similar between the mapped classes
and the independent ground-truth data set (Table 2.2},
again with the majority of discrepancy arising between
closely-related vegetation communities.

The final 1and-cover map is available to the public in
digital format at hitp://agde.usps.gov. The ancillary GIS
data layers (topographic data, digitized field data,
accuracy assessment point locations, lerrain types, and
riparian zones) are archived at the Arctic National
Wildlife Refuge headquarters in Fairbanks, Alaska.

Because the land-cover map and its associated
landscape themes have compatible digital formats, they
can easily be applied to a variety of future GIS
applicatons. Addisional themes can easily be incorporated
a3 more resource information becomes available, or as
new management or mitigation needs are identified.

Table 2.1. Contingency lable used to assess the accutacy of the land-cover map of the caaslal pfain of the Arctic National Wildlife Refuge,
Afaska. Table compares the map's coastal plain and foothill land-cover classes (rows, ordered by ecofogical continuumj with fiefd-assigned
classes (eolumns) from an indapendenf systematically-sampled data set of 318 points. Land-cover class codes are defined in Fig. 2.1,

Land wilwiM|M|M]T{s|s]|s|a]a]|pD P Blwl!| T %
Cover G G s ] 5 T T P T T s T W A A O Agree
Class 4 W [ T T

WG 1 i s 40
WGH 19§ 4 ] 4 1 5 | 1 12 P44 43
MSW 9 {12 8 | 2 35 34
MS 4 {1587 4 i s 28 54
MSD 5 "N ;18141 2 P 56 32
11 1 2 . 8 |51 6 77 66
STT 1 1t 1115 |13 2 i 2 25 52
SP i i 8 ;i I 8 75
sT o 1 2 : 4 50
AT 1 1 2 50
RS 2 1 5 a3
o7 1! 7 86
PY 2 1 Py 1 1 i 8 17
BA 1 8 P9 89
WA 1 1] 41 8 67
TOTAL | 13 ] 40 # 31 1 42 (37 i 786 {18 | 15 | 5 5 ¢ 14 1 0] 5 | 318

%Agree | 15 | 47 | 39 | 36 | 49 | 67 [ 72 | 40 | 40 | 17 | 40 |43 ] 100 | 8O | 8O 50
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Table 2.2. Percent of each land-cover class in the Jand-cover map of the coaslal piain of the Arctic National Wildiife Refuge, Alaska, and tha

percent partiioned among various lerratn types, Land-cover dass codes are defined in Fig. 2.1.

tand Entira Entire Mountain Foothlit Hilly Thaw Fload- Riparian
Cover Map Coastal Coastal Lako plain Zona®
Class Plain® Plaln Plain

WG 1 2 {4)¢ <} <1 (0) 4 {5) 18 __318) 1
WGHM 9 13 (9) <1 1{0) 21 (9) 23 39 (20)

MSW 6 9{1'0) <1 47 10 {10) - 23 17 {13) 2
MS 8. 9(20) ] Adoosand o 16 (36) 5. 9(16) 2
1SD 10 13 (12) 3 17 {12) 20 (5) 8 6 (14)

T 14 21 {22) <1 32 (33} 23 (2% <1 4{2) 1
STT 9 12 (B) 2 24 {11) <1 (0) 0 <1(0) 2
ST 5 aq) a 8(2) 0 {0} 0 <1{0}

SP 1 1 (4} <1 1 (5) 1(0) <1 1 (0)

AT 1 2{1) 20 a4 ¢ (0) 0 <1 {0}

RS 1 1(2) <1 1(0) <1 {0) <1 4(4) 18
DT H 2(3) <1 <1 {0) <1 (0) <t 5 (10} 14
PV 6 2(2) 14 1(1) <1 (0) <1 2 (6) 8
BA 15 7.2) a2 100) 1 <1(0) 2 9.(6) 33°
iC ! <1 {0} <1{0) | 4 1(0) 3
WA <1 <1{0) 2 (1) 16 5 (5} 13
SH & <1 (0} 16 <1 (0} <1 {0} < <110)

Sg-kmd 18501 12145 7073 6397 1810 271 3523 1038

a Entire map exciuding the mountain terrain type.

b Riparian zana Is included within the flsodplaln terrain type.

¢ Number in parentheses is the percenl cover for each land-cover typo as estimalad by an independent systematic field samplo of 756

points.

d Number of square-kilometers In each terrain type.
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Section 3: The Porcupine Caribou Herd

Brad Griffith, David C. Douglas, Noreen E. Walsh,
Donald D. Young, Thomas R. McCabe, Donald E.
Russell, Robert G, White, Raymond D. Cameron, and
Kenneth R, Whitten

Documentation of the natural range of variation in
ccological, life history, and physiological characteristics
of caribou (Rangifer tarandus) of the Percupine caribon
herd is a necessary base for detecting or predicting any
potential effects of industrial development on the
performance {e.g., distribution, demography, weight-gain
of individuals) of the herd. To demonstrate an effect of
development, post-development performance must differ
from pre-development performance while accounting for
any natural environmental trends.

We had 2 working hypotheses for our investigations:
1} performance of the Porcupine caribou herd was
associated with environmental patterns and habital
quality, and 2} access to important habitats was a key
influence on demography.

We sought to docunment the range of natural variation
in habitat conditions, herd size, demography (defined
here as survival and reproduction}, sources and magnitude
of mortality, distribution, habitat use, and weight gain and
loss; and to develop an understanding of the interactions
among these characteristics of the herd.

In addition, we investigated ways that we could use this
background information, combined with avxiliary
information from the adjacent Central Arctic caribou herd,
to predict the direction andmagnitade of any potential effects
of industrial oil development in the 1002 Area of the Arctic
National Wildiife Refuge on Porcupine caribou herd calf
survival on the herd's calving grounds during June.

Data, Methods and Assumptions

This work focused on the calving and post-calving
seasons of the Porcupine caribou herd. The colving
season was defined ax the 3-week period that began with
the birth of calves (spring). Post-calving was defined as
the 3-week period that followed the calving season {carly
suminer).

Porcupine caribon herd size was estimated by the
Alaska Department of Fish and Game (ADF&G) from
aerial photo-censuses during post-calving aggregations.
Only censuses considered reliable by ADF&G were used.
Variance in annuat censuses due to multiple observers
counting portions ol the photo sets was relatively smali
when compured with cach census (2% and was ignored
in the display of mmual censuses to the nearest 1,000
animals.

Demography and calf weight-gain were estimated
from repeated focations and/or recaptures of radio-

collared animals. Calving distributions were estimated
from 767 calving sites of adult (>3 year old) radio-
collared female caribou obtained during 1983-2001
[average of 40 sites per year; fixed-kernel analyses using
Least Squares Cross Validation (Silverman 1986, Seaman
ctal. 1996, 1998, 1999)]. Concenrrated calving areas
were defined as the annual kernel contour that included
calving sites with greater than average density (Scaman et
al. 1998). Annwal calving grounds were defined as the
99% kernel utilization distributions obtained from annual
calving sites. Extenr of calving was defined as the
aggregate extent of ull annual calving grounds.

Vegetation types were mapped from Landsat-Thematic
Mapper satellite imagery (Fig. 2.1; Jorgensen ct ab. 1994)
and reduced from 17 to 7 classes for caribou kabitat
analyses (Fig. 3.1). We estimated the Normalized
Difference Vegetation Index (NDVI) (Tucker 1979,
Tucker et al. 1986) and snowcover from Advanced Very
High Resofution Radiometer (AVHRR) data from
Nationzl Oceanic and Aumoespheric Administration
(NOAA} polar orbiting satellites, Snowcover was
estimated using a lincar regression that we derived by
comrelating AVHRR infrared reflectance with estimates of
snowcover extracted from aerial photographs collected in
the 1002 Area during the snowmelt periods of 1987 and
1988 (r* = 0.87, 1 = 80). Cloud contaminated areas in the
AVHRR images were identified (Baglio and Holroyd
1989) and excluded from analyses, as were large waler
bodies. AVHRR and Thematic Mapper images were
transformed to an Albers Equal Area projection and re-
sampled to 1-ko?® pixe! size.

NDV! indexes the disproportionale reflectance of near-
infrared radiation from green vegetation (Tucker and
Sellars 1986} in the canopy of plant communities. Thus,
refationships between NDVE ung roral green plant
biomass or leaf area index (LAI) would be expected (o be
strongest for plant communities with reduced vertical
distribution of green biomass and leaf area (e.g,,
communitics dominated by sedges, grasses, or short
shrubs that are common in the Arctic). Due o the size of
the pixels (-1 km®) AVHRR data are linked more to
landscape processes than 1o individua] plant communities
(Malingreau and Belward 1992),

Relatively good correlations have been obtained
between above ground net primary productivity (ANPP)
and seasonally integrated NDVI (# = 0.89; Paruelo et al.
1997), LAL and NDVI when integrated across
physiognomic categeries (7 = 0.97; Shippert et al, 1995),
and photosynthetic biomass and NDVI in smai! plots (77 =
0.51; Hope ¢t al. 1993). Because NDVI indexed total
green biomass and caribou are selective feeders (White
1983), we assumed that the biomass of forages eaten by
caribou wag positively correlated with 1o1al green biomass
at the Lindscape seale.
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Figure 3.9. Land-cover dasses on lhe coastal plain of the Arctic Nalional Witdlife Refuge, Alaska, and eastward inlo the Yuken Temitory, Canada,
as generalized lor studies of the Porcupine caribou herd. Classes are based on Jorgensen et al, {1994} as depicted in Fig. 2.1 and are expanded
to include Canada using a Canadian Wildlile Service Landsat-derived vegetation map of the Northern Yukon. Classes on (his map and their
corresponding classes in Jorgensen el al. {1994) include: Wel Graminoid (WG, YWGK, some PV), Moist Sedge {MSW, MS, MSD}, Herbaceous
Tussock Tundra {TT, SP), Shrub Tussock Tundra (STT), Alpine (ST, AT, same PV, Riparian {RS, DT, some PV}, and Non-vegelaled (BA, IC, WA,

SH).

We directly estimuted NDVI at 3 times:
1) NDVI_calving - composite (Holben 1986) images
obtuined as close us possible 10 median calving dute
2uach year {mean image date of 2 June. SE = 2.0 days).
Snowcover was also estimated from these images.
Negative NDVI values (areas with snowcover) were
converted to zero NDVI,
2V NDVI_id-June - approximaiely 2 weeks alter
calving (mean image date of 16 June, SE = 2.6 days).
FINDVI_earlv-duly - during the first week of July
(mean image date of 3 July, SE = 2.4 days).

From these images we derived 2 additional estimates:
1} NDVI_rate - the pixel-based daily rate of increase
in NDVI from calving to mid-June.
2)NDVI_62] - NDVI on the fixed date of 21 june
cach year (approximately 3 weeks after calving,
fincarly interpolated from mid-June and carly-July
Hnages).

b years when snowcover was substantial (1.¢., 1986,
1988, 1989, 1992, 1997y and NDVI_calving was near
v2tw, there may have been a small overestimate of
NDVI_rate, In addition. cloud cover made it impossible
i obiain & complete image on any fixed date, Thus,

NDVI_621 was the most robust NDVI estimate beeause it
was interpolated to # fixed date from 2 snow-free images.,

We assumed that NDVI_calving and NDVI_621]
represented relative green forage quantity while
NDVI_rate reflected forage quality because it estimated
the daily accumulation of new plant tissue which is highly
digestible {Cameron und Whitien 1980), The quality
implication of NDVI_rate was based on the assumption
that caribou forage selectively for the most digestible
food ltems (White 1983), Because energy and protein
intake frem milk by caribou calves remains high during
the first 3 weeks of life and then declines as calves
increase their intake of vegetation (White and Luick 1984,
Parker et al. 1990), we assumed that NDVI_621 estimated
forage availability to lactating females during the 3-week
period of peak laciation demund immediately after
calving.

Predator distributions and relative densities were
estimated from annual refocations of radio-collared
arizzly bears (Ursus arctos), 1983-1994, and from acrial
survey locations of golden eagle (Aguifa clirvsaetos} nest
structures and wolf (Caniy fupus) dens (Fig, 6.1).

Satellite-collared caribou provided supplemental
information on distribution throughowt the herd’s annual
range. Estimates of minimun: diily movement rates were



L

ohtained from satellite-collared antmals, 1985-1995, and
from near-daily relocations of conventional radio-collared
calves on the catving ground, 1992-1994,

Data were analyzed with contingency tables, linear
and slepwise logistic regression, multi-response
permutiation procedures (MRPP, Miclke and Berry 1982),
and analysis of varianee. Akaike's Information Criteris
(AIC: Akaike 1973, Sakamaoto et al. 1986) were used for
final model selection. Bonferreni procedures were used 10
provide overall experiment error protection as
appropriate. GES technology, remotely-sensed habitat
data-layers, habitat-demography relationships, and
simulation modeling were used to assess potential effects
of displacement of calving grounds on cadf survival cach
June.

Not alf types of data were available throughout the
entire primary study period of 1983-2001. 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 wetghts in
June and September were estimated in 1992-1994,
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Caribou food habits were estimated during 1973
{(‘Thompson aand McCourt 1981}, 1979-1981 (Russeil et ul.
1993), and for this study during 18993-94 tfrom
microhistological analyses of fecal pellets (Sparks and
Malechek 1968} corrected for forage digestibility
{(Duquette 1984),

Annuai adult caribou survival was estimated in $983-
1992 {Fancy et al. 1994, Wulsh et al. {993). Over-winter
caff survival was estimated in 1983-1985 and 1988
(Fancy et al, 1994, Walsh et ul. 1995). June calf survival
(the preportien of parturient radio-collured females
retaining live calves during the [ast week of June) was
estimated in 1983-1992 (Fancy ¢t al. 1994, Waish et al.
1995} and for this study in [993-2001.

Calving distributions and vepetation types on the
calving grounds were available for all years 1983-2001,
but satediite-based estimates of NDVI and snowcover
were only available for the years 1985.2001.

The study area covered the annual range of the
Porcupine caribou herd {Fig. 3.2), emphasizing the
calving ground, and was described in the introduction to

£ 2 A % i i

Figure 3.2. IEor the Porcupine caribou herd: aﬁnual range (wide \-;rhite solid line), calvinlg sites {yellow points), and aggregate extent of calving

(thin salid yellow line), 1983-20081. For the Central Arclic caribou herd: aggregale extent of calving (thin solid white line) and calving sites (white

points), 1980-1995. {Adapted from Wolle 2000).
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this report and in the 1987 Finat Legislative
Environmentai Tmpact Statement (Clouglh eral, 19587),

Nutritional Importance of the Calving Ground

Spring arrival on the calving ground is the time of
minimum body reserves for parierienr females {hose
about o give birth or accompanied by very young calves)
(Chan-Mcleod et ul. 1999). Thereafter, their cnergy and
protetn requirements reach the highest level of the year
during peak lactation in the first 3 weeks of June (White
and Loick 1984, Parker et al. 1990). The females’
appetites are high and forage imake rates can match
actation demand only where prinary proeduction is high
{White et al. 1975, 1981). Small changes in nutritional
confent wd digestibility of forage, however, can have
subglantial mudriplier effects on digestible energy und
protin intake (White 1983), and thus may influence
nutritional performance of Porcupine caribou herd
females on the calving ground.

Recent advances in idemifying the basts of selection
of foud by ungulates demonstrue that ferage intake is a
function of unguiate morphology, plant architeciure, and
biomass of acceptable forage {White et al. 1973, Trudell
and White 1981, Spatinger ¢l al. 1988, Shipley and
Spalinger 1992, Gross et af. 1993, Langvatn and Himley
1993, Wilmshorst and Fryxell 1993). Because unguiales
select forage with high digestible energy and high
digestible protein (Langvatn and Hanley 1993,
Witmshurst and Fryxell 1993), these properties are the
relevant measure of forage value of habitats at any spatial
scale (White et al., 1975, White and Trudeil 1980a.5).
Thus, the foriage cumrency for ungulates is primarily 2
function of digestibility of acceptable foods and is not
simply plant biomass or gross energy (Fryxell 1991,

The source of protein for fewd growth comes almost
exclusively from body protein of female caribou entering
winter (Cierlrart et af. 1996). Femaies with high body
protetn in fate winter produce the Turgest cabves (Allaye-
Chazn 19913, Early weaning of calves occurs when habitat
conditions do net support a protein intake sufficient to
meet @ minimal rate of body protein deposition; milk
synthesis then ceases {Russell and White 1998). The
proteimencrey ratio of forage copsumed during lactation
mereases the mitk protein intake by calves {Chan-Mcl.cod
et al, 1994), the most important mitk notrient affecting calf
growth rale at all calf ages (White 1992),

When lorage biomass is low at calving, Porcupine
ciribou herd females might be expected 1o use
microhabitats of highest biomass of aceeptable foods and
10 select the most digestible forages from within them, as
has been documented tor caribou of the Central Arctic
herd (White el al, 1975 and the Western Arctic herd
{White and Trudeft 19804}, This change in the basis of
selection, from forage biomass to forage digestibility,

constitutes scaie-dependen) selection (cf, Wiens 1989,

O Neil and King 1998). We pursued this issue of scale
dependency in habitat selection by the Porcupine caribou
herd at the larger scales of the annuil calving grounds und
concentrated calving areas.

Because the inability to meet lactation demands may
fower the performance (e, weight-gain, survivil) of
cilves, calving ground habitats may be important. They
may be imporant beeause they can contribule
substantitlly o the female and call protein budgets during
the calving scason, when maternal protein reserves can be
fow (Gerhar et al, 1996, Chan-McLeod et al. 1999).

Habitat Trends During the Study Period

The climate of the Arctic has been warming in both
summer and winter during recent decades (Chapnwan and
Wadsh 1993, Groisman et al, 1994, Houghion et al. 1993).
Temperature increases have been greatest in winter, The
warming has been heterogeneons across the Arctic
(Chapmun and Walsh 1993, Serreze 20003, bul was
evident in spring (Fig. 3.3a) and winter (Fig. 3.30)
temperatures within the nenhern part of the annual range
of the Porcupine caribou herd.

An earlier greentng and later senescence of green
plant biomass in areas north of HYN (Myneni ey al, 1997,
1098; Zhou et 1l 2001) have heen detected with NIDV?
and associated with the warming trend. The earlier
greening was evident locally within the extent of calving
{Fig. 3.2) of the Porcupine caribou herd in the form of un
increasing refative amount of green plant biomass on 21
June (NDVI_6ZL, = 0.50, ¥ = 0.002) during 1985-1999
{Fig. 3.4,

A very fow value for NDVI_621 was observed in
1992, the year that stratospheric acrosols from the 1991
eruption of Moum Pinatubo in the Philippines reached the
Arctic in spring (Minnis et al. 1993). Both 2001 and 2000
were substantial outliers (RSmdent = -249, -2.86,
respectively) frem the relationship between NDVI_621
and yvear, 19851999 (Fig. 3.4), Both 2001 and 2000 had
exceptionally fate springs with high snowcover at culving,.
We do not yet know H these cutliers indwate a change in
the trend observed during 1985-1999,

The Arcric Oscillation (Fig, 3.5) s centered over the
high Arctic and is one of a number of correlated indices
of {arge-scale atmosphicric pressure dilferentials (e.q.,
North Atlantic Oscitlation, Northern Hemispheric Annular
Mode) (Thompson and Wallace 1998, 2001). The Arctic
Oscillatzon is the height of the level of one-half
atmosphere of pressure above the surface of the eanh and
is weakly correlated with surface temperatures
(Thompson and Wallace 19983, The Arctic Osciiiation has
a4 warm positive phase when surfice pressures are low
and warm North Atlantic waler enters the Arctic Ocean,
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Figure 3.4. Median Normalized Difference Vegetation Index (NDVI} on
21 June within the aggregale extent of calving for the Porcupine
carbou herd, 1883-2001. Values for 2009 and 2001 were outfiers
{RStudent = -2.48, -2.88, respectively) and excluded from the
displayed regression fine, r = 0.498, P = 0.002,

Figure 3.5. Slandardized values of the Arctic Oscilalion (AO) for
winler {(January, February, March} and population size of the Porcupine
cariboy herd, 1958-2001. Mean value indicated by sofid horizonlaf line.
* PDO s the Pacific Decadal Oscillation (Hare and Matuna, 2000).

and a cool negative phase when surface pressures are
relatively high,

Initiation of increasing and decreasing trends in the
Arctic Oscillation has been coincident with phase shifts in
the Pacific Decadal Oscillation in 1977 and 1989 (Hare
and Matuna, 2000} (Fig. 3.5). Correlations between the
closely related 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 NDVI ac calving (NDVI_calving)
within the extent of culving of the Porcupine caribou herd
was positively correlated with the Arctic Oscillation from
the winter (January, February, March) of the previous
calendar year (~15 month lag, 7 =032, P =0.011) (Fig.
3.6). This suggested that early forage availability for
lactating females was influenced by weather patterns on a
hemispheric scale.

Further, the suspected phase shift in the Arctic
Qscillation at the end of the 1980s (Fig. 3.5) was
coincident with an increase in the frequency of daily
temperature excursions above freezing in both the spring
{Fig. 3.7a) and fall (Fig. 3.70) on the transitional ranges
of the Percupine caribou herd during the 1990s. There has
been a decresse in the depth and extent of snowcover in
Northwestern Canada near the wintering grounds of the
Poreupine caribou herd during this latter period as well
(Brown and Braaten 1998).

Thus, forage biomass daring peak luctation demand
(NDVI_0621) increased during the period of study, 1985-
1999 (Fig. 3.4), and this positive trend was coincident
with summer warming on the calving ground (Fig. 3.3a).
In addition, forage availability at calving (NDVI_calving)
hay been positively correlated with hemispleric-scale
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Figure 3.6. Median Normalized Difference Vegetalion Index at calving
(NDV!_calving} wilhin the aggregale extent of calving (EC) of the
Porcupine caribou herd for the current year, and winter Arctic
Oscillation index (AC, January, February, March) for the previous
calendar year, 1985.2001.

atmospheric conditions (Fig. 3.6). Counteracting the
positive trend in forage abundance during peak lictation
hras been a tendeacy toward more freeze-thaw cycles on
spring ad fall transitienal ranges of the Porcupine
caribou herd (Fig, 3.7a.b} coincident with o suspected
phase shift in the Arctic Oscilltion,

These freeze-thaw cycles on transitionul and winter
ranges may have influenced snow properties, reduced access
10 forape, increased ravel costs, and/or decreased the ability
of caribou 10 escape their predators. These climate-
influenced conditions on mmsitional/winter ranges muy have
contributed to the decline in size of the Porcupine caribou
Berd (Fip. 3.5) i spite ol favorable conditions on the calving
eround. Local and large-scale climale patterns as well as
catastrophic events in the Southern Hemisphere (e.g.,
eruption of Mount Pinatube) apparently have had major
influences on Porcupine caribou herd habitats during the
pertod of study and have set the stage for all ebservitions
of Percupine curibou herd distribution and demographic
processes during the past 2 decades.

Herd Dynamics and Demagraphy

The growth curve of the Porcupine caribou herd
suggested an approximate 30- to 40-year eycle of
increase and decrease in abundance (Fig. 3.8). The herd
numbered ~100,000 in 1972, increused at about 9% per
year fram 1979 through 1989 when it reached ~ 178,000
aninmads, then declined at aboul 3.6% per year trom 1989
to 1998 (Fig. 3.8} The decline from 1998 w0 2001 was
only about 1.3% per year, and the herd now totals
~123.00 amimals. If the current decline continucs, the
herd would be expected to again reach the lowest levels
ever recorded during 2603-2010. 1f the herd continues to
dechine below ~ 106,000 animals, then the lengil of o
complete herd cyele may exceed 30 years.

Population Trend

=
—

Days with Temperature > ¢ C
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Figure 3.7. Frequency of days with daytime temperalures above
freezing in a} spring (21 March - 30 April) and b) fail {21 September -
20 Qctober) on Iransitional ranges of the Porcupine caribou herd
during the herd increase phase, 1970-1388, and the herd decrease
phase, 1989-1528. Brackets indicate 95% confidence intervals on
mean valies.
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Figure 3.8. Population size of the Porcupine caribou herd, 1972-2001,
estimated from aerial pholo-censuses by the Alaska Department of
Fish and Game.
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Porcupine caribou herd size appeared correlated with
Arctic Oscillation although there were too few data to
conduct a proper time series analysis (Fig. 3.5). In
contrast to the Porcupine caribou herd, other Alaska
barren-ground caribou herds (Western Arctic, Teshekpuk
Laffe, Central Arctic), generally continued to increase
during the downward trend in the Arctic Oscillation that
was evident during the 1990s (Fig. 3.5},

Capacity for growth (defined as the maximunt realized
long-term growth rate} of the Porcupine caribou herd
appeared substantially less than for other Alaska herds.
Capacity for growth among herds of dramatically
different sizes is best visualized by plotting relative herd
sizes (Fig. 3.9). Maximum long-term growth rate (-4.9%,
assumed linear, 1979-1989) (Fig. 3.8) of the Porcupine
caribou herd was never maore than about half the rate
observed for ather Alaska barren-ground caribou herds
{Western Arctic herd (1976-1996, ~9.5%), Teshekpuk
Lake herd (1978-1993, ~13%}, Central Arctic herd (1978
1992, ~10.3%)} (Fig. 3.9).

The Porcupine cartbou herd was the first Alaska
barren-ground caribou herd te begin and maintain a
prolonged decline in the last 2 decades {Fig. 3.9). Annual
survival of Porcupine caribou herd adult females was only
about 84% (Fancy et al. 1994, Walsh et al. 1995}, which
was lower thaa that generally observed in other caribou
lterds (Bergerud 1980); and adult female survival may
have been responsible for the relatively low growth rate
of the Porcupine caribou herd.

Anmuil calf survival averaged abont 48% with about
half (36%%) of the snnual mortality occurring on the
calving ground (Whitten et al. 1992, Fancy et al. 1994,
Wilsh et al. 1995}
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Figure 3.9. Relalive post-calving herd sizes {minimum observed =
1.0) of the 4 Alaska barren-ground caribou herds (PCH = Porcupine
caribou herd; WAH = Wastern Arclic herd; CAH = Cenlral Arctic herd;
TLH = Teshekpuk Lake herd), 1976-2001. Maximum observed
population size for each herd is noled in the legend.

There were no significant differences in mean
parturition, calf survival during June, or net caif
production {defined as the product of parturition rate and
June calf survival) (Fig. 3.10a-c) between the increase
and decrease phases of the herd (Fig. 3.8). Parturition rate
averaged 0.81 {range 0.71-0.92} during 1983-2001 (Fig.

a)
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Figure 3.10. Reproduclive eslimates {or the Porcupine caribou herd,
1883-2001: a} parturition rate of adult females, b) call survival from
birth through the fast week of June, and c} net calf production [the
product of parturition rate and call survivai].
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3.10a; and did not differ between the increase phase
{0.80, SE = 0.04, 1983-1989) and the decrease phase
(0.82, SE = 0.08, [990-2001).

Calf survival during June was quite high and averaged
(.75 (range 0.57-0.94) during 1983-2001] (Fig. 3.105) but
did not differ between the increase phase (0.71, SE =
(.07, 1983-1989} and the decrease phase (0.79, SE =
0.13, 1990-2001). Net ealf production averaged 0.62
during 1983-2001 (range 0.50-0.82) (Fig. 3.10c} and did
not differ between the increase phase (.38, SE = 0.06,
1983-1989) and the decrease phase (0.63, SE = (113,
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
Iate-summer through winter smust have accompanted the
herd decline. Emigration to the adjacent Central Arctic
herd was an untikely cause of the Porcupine caribou herd
dectine because satellite-collared animals thin
occasionally (4 out of 167 collar-years) wintered with the
Central Arctic herd, returned to the Porcupine caribou
herd the following summer.

Periodic lows in net calf production and calf survival
during June (1992, 1993, 1997; [Kigs. 3.10b, ¢) were not
sufficient to maintain the herd decline (5. A. Arthur,
Alaska Depastiment of Fish and Game, personat
commuaication). Unfortunately, a complete record of
adult, sub-adult, and calf survival estimales was not
avaiiable for late-summer through winter during the

decrease phase of the herd, 1989-2001.

Seasonal Distribution and Movements

The Porcupine caribou herd caribou wintered {13
November ~ 14 April) in Alaska south of the Brooks
Range and in Canada in the Richardson and Ogilvie
Mountains in the Yukon Territory (Fig. 3.11). Their
annuat range encompassed ~290,000 ki’ {Fig. 3.2). The
extent of calving encompassed ~36,000 km®. Spring
migration to the annual calving grounds began in mid-
Aprif and continued through Aprit and May (Fig. 3.11).
Retorn o fall/winter ranges began with departure from
the annual calving grounds in lme-June and early-july
{Fig. 3.11). In fall (13 Scptember - 14 November), the
Porcupine caribou herd was distributed widely.

Minimum daily travel rates of parturient females were
variable throughout the year {Fig. 3.12). Non-parturient
females had similar movement rates. Minimum movement
occurred during winter. Movement began increasing in
mid-April with initiation of migration 1o the annual

calving 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). Caif
movement rate (minimum, straight line, estimated from
conventional radio-cotlars) in the years [992-1994 was
about 2.5 kmv/day during the first week after birth. The
rate increased gradually during the next week to about 5
km/day and then increased through the end of June 10
approximatety 15-20 kin/day. As females and calves
departed the calving ground in late June and early July,
some individual calves traveled as much as 90 km/day.
Relatively high rate of movement continued throughout
July. Because movement rates were low during the
calving season and direction of movement was random
for 20 days after birth (Fancy and Whitten 1991), the
distribution of calving sites was assumed {o be
representative of habitat use by caribou through 2§ June.

Movement declined during August perkaps in
response to harassment by Qestrid flies or to localized
forage abundance. Movement increased during the pre-rut
period in late-September and October and then reached a
minimum again by mid-November. The average female of
the Porcupine caribou herd traveled approximately 4,355
ko annually (Fancy et al. 1989).

During 1985-1992, median arrival of satellite-coliared
parturient females on the annual cabving ground ranged
from 17 May-4 June and median date of departure ranged
from 3-26 July. Nen-parturient females tended to lag
slightly behind and seuth of the partunent females from
early-May through calving (Whitten et al. 1992), but
within | week after calving, parturient and non-parturient
female distributions were essentially coincident.

Length of stay on the annual calviag ground ranged
from 34-67 days. Caribou have tended $o depart the
annual calving grounds carlier since 1995 (R J. Mauer,
U.S. Fish and Wildlife Service, personal communication).
This trend may have been related to more advanced plan
phenology within the extent of calving in late June during
the late 19905 (Fig. 3.4).

Median calving date, 1983-1996, was 1 June (range 30
May-6 June} with 30% of annuad calving occurring within
2 days of the annual median calving date. No teniporal
trends were evident tn median calving date, and annual
calf survival was not related to median calving dute {P >
0.03).

Sizes and locations of annual calving distributions
were quite variable. Anoual calving grounds encompassed
3,672-16,667 km*during 1983-2001 (Fig. 3.13, Table
3.1). Similar distributions were observed during aerial
surveys, 1972-1982 (Figs. -5 in Clough et al. 1987), On
averige, concentrated calving areas occupied 12.3%
(range 0.7-25%) of the annual calving grounds (253-
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2,548 km?) and contained 47% (range 29-61%) of calving
ocations.

There was no concentrated calving area in 2001 when
the spring was very late and the extent of calving was
almost completely snow covered. Density of parturient
females 1n the concentrated calving area ranged
approximately 13-106/kny® over the years and averaged 7
times (range 3.7-10.8) higher than outside the
concentrated calving area each year {Table 3.1). Nene of
these estimates differed between the increase and
decrease phases of the herd (P > 0.05). Since 1972, there
have been only 2 years (2000, 2001) when all calving
occurred in Canada and 1 additienal year (1982) when ali
concentrated catving 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 estimited
number of parturient females in the herd, with the pereent
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
habitat characteristics were clearly related to ealving
ground size. Factors affecting calving ground size remain
unciear,

Distribution of calving sites differed (MRPP, P < 0.03)
among all successive years, 1983-2001, except 1983-1984
when the number of calvirg sites obtained from radio-
collared females was lowest and 2000-2001 when late
springs restricted ealving to Canada {Table 3.1). There
was no uni-directional trend to shifts in location of annual
calving grounds or concentrated calving arcas (Rayleigh's
Test, P =0.870 and 0.740, respectively). During 1983-
1994, parturient females displayed no among-year fidelity
1o the concentrated calving area (P = 0.931) nor any
habitat attribute for cabving (P > §.135), but females that
calved in the 1002 Area returnied there for calving in the
following year more often than expected (£ = 0.024),

The percent of females calving in the 1002 Area in the
years 1983-2001 was quite variable, averaging 43%
(range §-92%) but not ditfering (# = 0.128} between the
decrease (50%, SE = 32%) and the increase phase (30%,
SE = 23%) of the herd {Fig. 3.14). The proportien of the
concentrated calving arca that was in the {002 Area
foltowed a simifar trend. As the refative amount of green
biomass at calving within the extent of calving
{(NDVI_calving) increased because of earlier springs, the
percent of females calving in the 1002 Arcaincreased (7
=0.68, P <0.001) (Fig. 3.15). Thus, the average
proportion of Porcupine caribou herd females that calve
in the 1002 Area may increase if the climate continues 10
warm.

The generad location of calving in the years 1983-200%
was refuted to the winter Arctic Qscillation {Tanuary,
February, March) during previous culendar year,
approximately 15 menths before calving, In vears when

Pregnant Female Travel Rates
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Flgure 3.12, Minimum median daily mavement rate of pariusient
satelliite-collared females of the Porcupine caribou herd, 1985-1995.
Values calculated from no more Lhan one focation per day. An average
of 10 animals (range 4-17} were collared each year yielding 14,447
observations; 87% of these observalions were obtained 1585-1990.
Net included are the dala for 3 females Lhal each spent one winter with
the adjacent Central Arctic herd,

the Aretic Oscillation was positive, more than half of the
concentrated calving area was likely 10 be located on the
Alaska portion of the coastal plain {83.3% of the years,
Fisher’s Exact Test, £ = 0.045), Similarly, there was a
tendency (66,75 of years, Fisher's Exact Test, P = 0,057)
for more than half the females to calve in the 1002 Area
when the Arctic Oscillation in the previous calendar
winter was posttive,

The time delay in correlation between the Arctic
Oscillation and calving location and between the Arctic
Osciilation and NDVI_calving (Fig. 3.6) may have been
related to a -year delsy between tiller formation and
flower production for Eriophorum vaginatum
{cottongrass) (Billings and Mooney 1968, Bliss 1971).
humature coltongrass flowers hive been a dominant food
item for Porcupine caribou herd when they have calved
on the Arctic Refuge coastal plain. Cottongrass tiller
formation is probably related to the availability of
resources {motsture and soil nutrients).

Positive phases of the Arctic Oscillation may have
enhanced resource avaitability, increased tiller production
in the previous year, and resulted in increased {lower
production during the current spring. We wounld expect
that the increased greenness at calving (NDVI_calving)
might reflect leaf area of cottongrass tillers, rather than
the pale green immature flowers,

During post-calviag (>3 weeks after calf birth},
Porcupine herd caribou (regardless of calving [ocation)
tended 10 move westward (Fig. 3.11). Even in exceptional
years when catving oceurred far to the east in Canada
(c.g., 2000, 2061) (Fig. 3.13) caribou reached the Arctic
Refuge coastal plain and portions of the 1002 Area by
late-June or Juby (S. A, Arthur, Alaska Department of Fish



13 BIALOGICAL SCIENCE REPORT USGS/BRD 2002-0001

Figure 3.13. Calving dislributions of the Porcupine caribou herd, 1983-2001, as eslimated from fixed kemel analyses of the sites where radio-
coltared femates were first ehserved with calves duning repeated aeral surveys in May and June, There are 3 zones: 1) concentrated calving area
(shown in dark gray), the conlour enclosing calving sites with greater lhan average fixed keme! densily, 2) annual calving ground {medium gray),
the 86% fixed kemel ulifization distribytion for a year, and 3) aggregate exten! of calving (light gray}, the outer perimeter of all annyal calving

grounds. No concenlrated calving was detected in 2001,
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Tabla 3.1. Number of cajving sites, numper of calving siles in the concenlrated calving area (CCA), area (km?) of CCA, area {km?) of annual
calving ground {ACG}, ralio of sizas of CCA to ACG, poptlation size of the Porcuplne caribou herd, percent of radie-coltared female caribou that
catved in the CCA, percenl of radio-coliared famale caribou that calved in he 1002 Area, percent of the CCA wilhin the 1002 Area, and percant of
the ACG within the 1002 Area, 1983-2001, Alaska, USA, and Yukon Temilory, Canada.

Calving  Sites In CCA ACG Ratio Population  %females %females %CCA  %ACG

Yoar Sitas CCA Area  Aréa CCAJACG Siza (K) InCCA  In10G2  In 1002 In 1002

1883 18 11 2,584 10,064 .25 135 55.6 61.1 62.4 42.8

1984 18 11 8398 6,599 0.13 61.1 33.3 19.8 39.2

1985 34 16 1,585 10,784 0.15 473 55.9 69.2 38.8

1988 20 8 419 5,432 .08 40.0 10.0 28.8 8.4

1987 36 15 479 6,048 0.08 165 44.4 13.8 14.2 15.7

1588 61 24 267 3,823 0.07 39.3 16 0.0 59

1889 51 15 255 3,672 0.07 178 29.4 33.3 583 30.1

1850 53 a2 1,167 8,378 0.14 39.6 69.8 100.0 47.2

1991 43 21 73 5,767 .13 48.8 8.4 925 68.6

1992 43 18 2,174 16,667 013 157 41.9 419 7941 22,5

1993 35 18 1,401 9,008 0.15 514 571 70.2 40.3

1994 79 33 814 6,802 012 152 41.8 84.6 77.3 54.8

1895 &0 a 827 5141 0.16 51.7 91.7 100.0 71.2

1996 65 30 1,354 9,453 .14 46.2 53.8 90.6 33.9

1997 29 15 530 5,661 0.09 51.7 3.0 337 KA

1948 39 20 789 6,318 0,12 128 513 84.6 93.4 731

1999 20 9 61 7.820 0.08 45.0 20.0 g3 304

2000 22 13 ™ 8,541 0.12 59.1 0.0 0.0 0.0

2001 41 a 10,602 123 0.0 0.0
avgrage 40 18 976 7,604 0.12 148 470 427 55.5 34.3
rinimum 18 8 255 3,672 0.07 123 29.4 0.0 0.0 0.0
MAXETILET 79 a3 2,548 16,567 0.25 178 61.1 9.7 100.0 7t
SE 18 7 630 3,060 0.04 20 7.8 30.1 35.9 225
a Mo concentraled calving was detected in 2001 °
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Figure 3.14, Percent of radio-coliared Porcupine caribou herd females

that calved in the 1002 Area of the Arclic National Wildiife Reluge,

Alaska, 1983-2001.

Figure 3.15. Percent of radio-collared Porcupine caribou herd females
that calved within the 1002 Area of the Arctic National Wildlife Refuge,

Alaska, in relalion to Ihe madian Normalized Difierence Vegetation
index at calving (NDVI_calving) within the aggregate axtent of calving,

1085-2001. Poinl legends indicale the year of the eslimales.
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and Game, personal communication). As a result of these
westward movements, essentially the entire 1002 Area
was eventually used by late June or early July, Most of
the use of the westernmost portion of the 1002 Area by
satellite-collared females of the Parcupine caribou herd
occurred during 24 June- 14 August (Fig. 3.11).

Foraging on the Calving Ground

The calving season diet of Porcupine herd caribou
during 1993-1994, when concentrated calving was
primarily in the 1002 Area (Fig. 3,13), was dominated
{76-82%) by immature flowers of cotlongrass from the
time the caribou arrived on the calving ground until about
16-18 June (Figs. 3.164a, 3.1 74). Stmilar diets were
observed in 1973 (Thompson and McCourt 19813, but the
Jocation of concentrated calving in that year was not
documented (Clough et al. 1987).

Diet was relatively consistent between years, but
somewhat more vanable in 1994, and not related to
average daily weight-gain of calves in 1993 and 1994
Both cottongrass flowers and young willow (Safix spp.)
leaves are casily digestible and are common forage of
upland valving caribow when they are available {e.g.,

Pereent of Diet

a4

a b Bpd LU EE R B R
T A PN T P TN

JUNE1T34
EficCatangrass B witcw [0 Lichers [l Herbs

b)

45 - {ict Shilt - Fl ll'—I—.—n- z

4 Iy

1 A

s Y

& 28 e id | s
3 |
915 i 1
&z : il
g 1
[ J PSPPI S— . . . .
2 = I 32 Th-Jun 23 hn M L

Dale - 1594

—a- Cotlongrass —a5— Willow

a)
JUNE 133 JULY
TG conongaass BN vatew D0 Lichens T Wests
b)
P
o4 Biat Shift — R R S R
93 f\ -
B3t A :
Do

g‘:!ﬂ- LI B RN PP - g 15
L .":' A I

i i t
E;:‘.s 1 / \'w'r \J, ‘.!!f
Q20 -r-d.nianx
=
o v
SR EE !
& H
= .’
10 *

D8 e e ey : . ,
Gkhn e n LY 3 12-hn rhn IB-ta LYY

{ate - 1503

-~ Collongrass —res VROV

Figure 3.16. Porcupine caribou herd 4) digt composilion and b)
median phenoclogy of major forage items, 1993, Diel compasilion
estimated from micrahislological analysis of fecal pellets, corrected for
digestibility. Phenology scotes for cottongrass: 1 = lsaves only, 2 =
flowers In boot, 3 = early flower, 4 = full flower; and for willow: 1 =
dormant, 2 = bud swelling, 3 = leaf unielding, 4 = full leaf,

Flgure 3.17. Porcupine caribou herd a) diet composition and b)
median phenclogy of major forage ilems, 1994. Diet composition
estimated from microhisiological analysis of facal pellats, corrected for
digeslibility. Phenology scores for cottongrass: 1 = leaves only, 2 =
flowers in boot, 3 = eary flower, 4 = {ull fower; and, for willow: 1 =
dormant. 2 = bud swelling, 3 = leaf unfolding, 4 = full leal.

Thompson ard McCourt 1981, Kuropat 1984, Russell et
al.1993). Cottongrass flowers were most common in the
vegetation type herbaceous tussock wndra, and willow
wits nost commeon in shrub tussock tundra and riparian
shrub vegetation types {Jorgensen et al. 1994).
Herbaceous plants were ubiguitous.

[Hetary shifts within the 1993 and 1994 calving
seasans apparently alowed caribou to increase nutrient
concentration in their diet as the season progressed, By
mid-Fune, $993-1994, as cottongrass flowers matared, the
feaves of willows unfolded (Figs. 3.168, 3.170). Then,
within ghout 4 days (Figs. 3.16a, 3.17q), caribou diet
shifted o an approximate 30:530 mix of willow and
herbaceous plants.

The diet shilt resulted in an increase of dietary
pitrogen copcentration (from 3% o 4%) and a decrease in
Newtral Detergent Fiber (NDF) concentration (from 57%
o 275 based on nutrittonaf analyses of cottongrass and
willow of appropriate phenological stages from the
calving ground. Availalde biomass of willow likely
exceeded the Dlomuass of cottongrass flowers during the
diet shiit and thereafier.
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Caribou maintained the willow and herbaceous diet
until they departed the calving ground near the end of
June. Because climate warming and carlier greening may
increase the carbon:nitrogen ratios of individual forage
species and reduce their quality on fixed dates (Walsh et
al, 1997}, rapid shifting among forage species may allow
caribou 10 accommodate time-specific reduction in
nutritiorral quality of individual plant species that
accompanies climate warming.

Diet of Porcupine herd caribou was substantiaily
different when they used the Canadian portion of the
exient of calving than when they used the Arctic Refuge
coastal plain and the 1002 Area. Regardless of timing of
snowmelt in Canada, calving diet there was dominated by
mosses and evergreen shrubs (38.4-73.5%, Russell et al,
1993), These forage groups were much less digestible
than the immatire cottongrass flowers and willows
(Russell et al, 1993) that dominated the calving diet of the
Porcupine caribou herd in 1993 and 1994, This implied
that diet quality during calving was reduced when the
Porcupine caribou herd used the Canadian portion af the
extent of calving rather than the Arctic Refuge coastal
plain and the 1002 Area.

Habitat Selection

Haubitat selection may be assessed at several orders
(Johnson 1980}); selection at each order implies
disproportionaie use of some compoacni(s) of the habitats
that are availabie. For migratory barren-ground cartbou,
selection orders might be defined as follows from highest
to lowest order:

First Order — the species distnibution on casth.

Second Order — arca use by herds within the species
range.

Third Order — annual range use within herd ranges.

Fourth Qrder — seasonal range use within annoal ranges
of herds.

Fifth Order — annual use within the aggregate extent of a
seasonal range.

Sixth Order — annual concentrated use within an annual
seasonal range.

Seventh Order — pateh use within a concentrated use area.

Eighth Order ~ plant species use within habitat patches.

Ninth Order — plant part use within'plant speeies.

Higher order selection mity constrain the choices at
tower orders {Johnson [980). The busis of selection may
or may not be conststent among orders and, wihen the
basis of selection changes among orders, habitat selection
is considered to he scale-dependent (O'Neil and King
19983, In this work, we assessed habital sefection at ftith
and sixth orders as defined above. Much discussion has
focused on fourth order sclection {cf. Bergerud and Page

1987; Fryxell 1991, 1995}, but analysis of selection at the
fourth order for the Porcupine caribou herd was beyond
the scope of this report.

For the purposes of the material that follows, we
define fifth erder selection as the comparison of use
within the annual calving grounds (ACG) to availzbility
in the extent of calving (EC), written as ACG/EC
(hereafter called calving ground selection). We define
sixth order selection as the comparison of use within
annual concentrated calving areas ({CCA) to habitat
availability within the annual calving greunds (CCAY/
ACG, hereafter called concentraied calving selection).

Because there was spatial dependency among habitats
{vegetation, NDV] estimates, snowcover; all inventoried
from the same 1-km? pixels) we present the results for
each habitat atiribute separately. Selection was assessed
by comparing mean use/avatlability ratios among years
witlt the null ysefavailability ratio 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 in 1990, 1994,
1993, snd 1998 (Fig. 3.18),

There was scale dependency in habitat selection by the
Porcupine caribou herd during calving. Parturient females
selected annual calving grounds with proportionately
greater area of high (>median) rate of greening
(NDVI_rate, 1.33x, P = 0.005) (Fig. 3.19g) and
propartionaely less area with high forage biomass both at
calving (NDV1_calving, 0.60x, P < 0.001) (Fig. 3.190)
and during peak lactation (NDVI_621, 0.70x, P = 0.002)
{Fig. 3.19¢) than available in the extent of calving.

Partuerient females also selected annual calving
grounds with proportionatcly more area in the 26-50%
{1.76x, P =0.001) and 51-75% (1.71x, £ = 0.008)
snoweover classes and proportionately less area in the O-
25% (0.84x, P = 0.008) snowcover ¢lass than available in
the extent of calving (Fig. 3.2{).

Analysis of vegetation types in anpuad calving grounds
showed that parturient females selected wet sedge (1.42x,
P = 0.004), herbaceous wssock tundra {1.42x, P < 0.001),
and riparian (1.37x, P < 0.001} vegetation types, avoided
the alpine vegetation type (0.60x, P < {L001), and did not
respond (P > 0.05) to the shrub tussock ndra or moist
sedge vegetation types (Fig. 3.21).

In contrast, at the npext lower selection order (sixth),
partucient females of the Porcupine caribou herd selected
concentrided calving areas with proportionately greater
area of high forage biomass both at calving
(NDVI_ealving, 2.33x, P < 0.001) (Fig. 3.196) and during
peak lctation demand (NDVE_621, 2.59x, P < 0.001)
(Fig 3.19¢) than avaduble in e annual cadving grounds.
The females were non-selective (72 > 0.03) for rste of
greening (NDVI_rate} (Fig. 3.19a) and alf snowcover
classes {Fig. 3.20), selected herbaceons tissock tundra



[ £
b2

BIOLOGICAL SCIENCE REPORT USGS/BRI» 2002-0001

]
oy

0.0 0.10 0.20 0.30 0.40
NDVI - VEGETATION GREENNESS

Cloud

T
e

Figure 3.18. Annual conditiens of snowcover and vegelation phenoclogy derived from Advanced Very High Resolution Radiomeler (AVHRR)
satellite imagery during the calving period (30 May - 5 June), 1985-2001, for the Porcupine caribou herd. No concentrated calving was celected in
2001,
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Figure 3.19, Average percent of area infow (< median}or high (>
median} classes of a) daily rale of increase in the Normalized
Ditference Viegetation Index (NDVI_rate) b) NDVI at calving
{NDV}_calving), and ¢} NDVl on 21 june {NDVI_621) for the aggregate
extent of calving, annual calving grounds, and concenlrated calving
areas of the Porcupine caribou herd, Alaska, 1985-2001. Statisticailly
stgnificant selection or gvoidance (P < 0.035, overal! experiment) in
compatison with the category to the leflis indicated by "+ or - above
the bars. For example, female caribou on the annual calving ground
avoided fow NDVI_rate and selected high NDVI_rate in comparison
with availabifily in the aggregate extent of calving. No significant
selection of NDVI_rate for the concentrated calving area when
compared with the annual calving ground was delecled.
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Flgure 3.20. Average percenl of area in 4 exclusive snowcover
classes for the aggregate extent of calving, annual calving grounds,
and concenlrated calving areas of the Porcupine canibou herd, 1985-
2001. Stalistically significant selection or avoidance {P < 0.05, overall
expeniment) in comparison wilh the calegory to the left is indicated by
*+* of -~ above the bars. For example, female caribou on the annual
caiving ground avoided areas of 0-25% snowcover and selected areas
of 26-50% and 51-75% snowcover when compared with availabilily in
the aggregale extent of calving. No significant selection of any
snowcaver class was detected for the concentrated calving area when
compared with availability in the annual calving ground.

(1.68x, P = 0.001}, avoided alpine vegetation (0.34x, P <
0.001), and were non-responsive (P > 0.18) to the
remaining vegetation types (Fig. 3.21),

Although selection of vegetation types was scaje-
independent, there was scale dependency in the selection
of forage quantity {(NDVI_calving, NDV]_621) and
quality (NDVI_ratc}. Panturient Porcupine caribou herd
females selected annual calving grounds with a high
proportion of easily digestible forage (NDVI_rate), then
selecied concentrated cabving areas with refatively high
plant biomass at calving {(NDVI_calving} and on 21 June
(NDVI_621).

The basis of habital selection shifted from forage
quality to forage quantity between the fifth (ACG/EC)
and sixth (CCAJACG) orders. The work of White et al.
(1975} and White and Trudell (198053 at the levels of
microhabitats (~seventh order, selection for biomass) and
plant species within microhabitats (~eighth order,
selection for digestibility) sugpests that the basis of
selection continues to be dynanic across successively
smaller scales.

Forage quality appears to be the basis of selection at
both relatively targe (Nfth orden) and relatively small
{cighth order) scales. Forage quuntity appears to be the
basis of selection at intermediale seales of analysis within
this range. Spectiication of the scate of analysis 1s critical
to developing an understanding of the basis of forage
selection by ungulates, und Porcupine herd caribou
demonstriated a variable functional response to forage
(NDV] estimates) within the extent of cabving.
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Flgure 3.21, Average percent of area in 6 velelalion types for the
aggregate extent of cafving, annuai calving grounds, and concentraled
calving areas of the Porcupine carbou herd, 1985-2001. Vegetation
types: Wsedge = wel sedge; Msedge = moist sedge; HerbTT =
herbaceous tussock lundra; ShrubTT = shrub tussock fundra, Alpine,
and Riparian, Statistically significani selection or avoidance (P < 0.05,
overall experiment) in comparison with the category lo the leftis
indicated by "+" ar *-" abova the bars. For example, the female caribou
on lha annual calving ground avoided the Alpine vegetation type and
sefected the HerbTT vegelation type when compared with availability
in the aggregale extent of calving, and on the concenlrated calving
area the canbou showed similar selection when compared with

availability in lhe annual calving ground.
¥

There were no clear differences in patterns of
selection of any types of habitats between the increase
and decrease phases of the herd. This observation is
tempered by the fact that habiat selection was assessed
for only the last 5 years (1985-1989) of the increase
phase, but has been assessed for all 12 years of the
carrent decline (1990-2001).

The shifting location of annual calving grounds within
the extent of calving was apparently a functional response
to annuadly variable tandscape patterns in the quantity of
easily digestible forage (NDVI_rate). The locatian of
concentrated calving areas within annual calving grounds
was an apparent functional response to forage biomass
(NDVI_calving, NDVI_621).

This functional response to habitats allowed
Porcupine caribon herd females 10 attsin substantial
intakes of nitrogen (Fig, 3.22) based on estimated diet
composition {Figs. 3.16a, 3.174), estimated nitrogen
content of consumed forages, and consumption rates
presented by White et al (1975), White and Trudell
(1980a, b}, and Trudel] and White (19813, Thus, the
Porcupine caribou herd calving ground was clearly
important to the annual nitrogen budget of lactating
(emales and was likely important to the annual energy
budget.

The adjacent Central Arctic herd obtained only about
one-quarter as much dietary nitrogen from jis calving
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Flgure 3.22. Estimated tolal intake of dietary nitrogen (g} from the
calving ground (25 May - 14 June} for 4 Nordh American caribou herds.
Forage composilion of diet and nutritional compesilion of forages were
eslimated from locally collected samples. Intake rales were estimated
from White et al. {1975).

ground as did the Poreupine caribou herd (Fig. 3.22). It is
likely that the proportion of the annual nitrogen budget
obtained from a calving ground is positively correlated
with the relative value of the calving ground to the
nutrition of a herd within its annual range.

Effects of Insect Harassment on Habitat Use

Masquitoes (Crenlidae) and (Ties of the family
Qestridae are known to harass caribou, although
harassment by Oestrid flies may occur primarily after
Porcupine herd caribou feave the calving ground,
Lactating females that are disturbed by insects may
experience a negative energy balance due (o increased
mevement rates when trying to escape harassment by
insects (White et al. 1975, Russeil et al, 1993). When
harassment causes lactating females to substantially
reduce foraging time, calf growth may be reduced (Helle
and Tarvainen 1984, Fancy and White 1987, Russell et al.
1693},

During warm and calin days (mean temperature >13°C
aad mean wind speed <6ov/sec) when conditions were
such that caribou were likely harassed by insects (Nixon
1990), Porcupine herd caribou preferred dry prostrate
shrub vegetation types on ridge tops in the foothills and
mountins of the Brooks Runge, ¢levated sites on the
coastal plain, and arcas adjacent to the Beaufort Sea
coast, apparently to giuin relief from mosquitoes (Walsh er
al. 1992).

Porcupine herd caribou did not display as strong a
tendency to move 1o the coastline during potential insect
Irassment as has been seen for the adjacent Central
Arctic herd. Observations of movements of unmarked
animals during survey flights, however, indicate that
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segments of the herd often fellow the coastline while
moving along the coastal plain of the Arctic Refuge in
July (F. J. Mauer, U.S. Fish and Wildlife Service,
personal communication).

Individual radio-collared caribou showed ar least
partial fidelity (i.e., caribou repeatedly returned to
specific areas) to either the coastal plain, foothills, or
mountain zones during the insect harassment season in
different years (Walsh et al. 1992). The negative encrgetic
consequences of insect harassment (Helle and Tarvainen
1983) suggest that free access to insect relief habitat is
important to caribou {Walsh et al, 1992), but in some
herds the energetic cost of inscct harassment may be low
{Toupin et al. 1996).

Calf Performance in Relation to Habitat Use

Mean calf weights within 1-2 days of birth were
remarkably similar among years. On average, female
calves caught during 1992-94 when the herd was
declining weighed 6.2 kg, stightly tess (P = 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 variaace in calf weights,
The difference in female calf weights between the
increase and decrease phases of the herd was due solely
10 a cohort of heavy calves in 1985 (7.2 kg}. Female
calves caught in 1983-84 weighed an average of 6.3 kg
{Whitten et al. 1992),

There was a significant interaction among years and
between periods {8-3 weeks and 4-5 weeks after bigth) (P
< 0.0601) in daily weight-gain of female calves, 1992-94
(Fig. 3.23). Daily gain wus particularly fow during the
fourth and fifth weeks of life for calves bormn in 1993 (Fig.
3.23).

Daily wetght-gain of calves did not differ between
caives born in the concentrated caiving areas and in the
peripherad catving areas (P = (0,214}, Much higher relative
densities of caribou (7x on average) in the concentrated
calving areas compared to peripheral calving urcas may
have reduced forage available to individual lactating
females.

Even though concentrated calving areas had a greater
proportion of area with high plant biemass (both
NDVI_calving and NDVI_621} than did the annual
calving grounds, the differential in forape abundance was
evidently not sufficient to overcome the higher densities
of caribow in the concentrated cafving areas and to
enhance the weight-gain of calves born there.

Patterns of habitat use by calves varied significantly
(7 < 0.01) between periods and among years, 1992-1994
(Fig. 3.24a-¢), but were generally similar to use of siles
for calving (Fip. 3.2} Weight-gain of calves during
calving ground use was not associated with the percent of
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Flgure 3.23. Daily gain (kg} of caribou calves of the Porcupine herd,
1992-1994, during 2 periods {0-3 weeks post-binth and 4.5 weeks post-
birth]. Gafn was estimated from sequential weights of recaptured radio-
coltared animais. Means are listed abovs the appropriats bars.

time that calves spent in any particular vegetation type or
in any class of forage at calving (NDVI_calving), rate of
increase in forage during lactation (NDVI_rate), forage
avaitable at the peak of lactation (NDVI_621), or
snowcaover (P> ).05).

Although individual calf weight-gain was not
explained by within-annual-calving-ground habitat use,
several characteristies of parturient females and calves
were related to habitat conditions in the annual calving
grounds, 1992-1994. The rank orders of 1) NDVI_621 in
the annual calving ground, 2) average parturient female
weights (Fig. 3.25), 3) parturient female hody condition
score, and 4) average calf weights, all at 3-weeks post-
calving, were all the same (1993 > 1994 > 1992),

Lack of correlation between individual calf weight-
gain and uvse of annual calving ground habiat suggests
that the location of annual calving grounds may have
maximized calf weight-gain, given the conditions of the
annrual habirat available within the extent of calving. Once
the annual calving ground was located in an area that
provided a high proporntion of casily digestible forage
(high NDVI_rate), then variation in caribou density and
forage biomuass (NDVI_catving, NDVI_621} may have
interacted to reduce variation in performance among the
individual study animals.

Factors Assoclated with Calf Survival on the
Calving Ground

During [983-19835, average martatity of calves during
June was 299 (Whitten et al. 1992), slightly higher than
the 1983-2001 average of 23%. In those carly years, about
1% of mortality on the calving pround was due 10
predation and the remainder (3965) was due to mutritional
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or physical characteristics of calves (Whitten et al. 1992,
Reoffe 1993). The interaction between nutritional status of
the catves and predation mortality was not known.
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Figure 3.24. Availability of 6 vegetation lypes in the aggregate extent
of calving for the Parcupine caribou herd and use by radio-collared
calves during 2 periods {0-3 wegks post-birth and 4.5 weeks post-hirlh)
for @) 1992, b} 1993, and c) 1994. Vegetation lypes: Wsedge = wet
sedge; Msedge = moist sedge; HerbTT = herbaceous tussock tundra;
ShrubTT = shrub tussock tundra, Alpine, and Riparian.

Predatien occurred further south and at higher elevations
near the foothills during 19831985 (Whiltten et al. 1992).

During 1983-1985, golden eagles caused most
predation mortality of calves on the annuat calving
grounds (~60%), grizzly bears ranked second (~24%),
and wotves ranked third {(~16%52) (Whitten et al. 1952),
Young and McCabe (1997) estimated that bears killed
about 2% of calves during 1994, a year with relatively
high overall calf survival (Fig. 3.10b).

Immature golden eagles ranged throughout the coasial
plain and foothills (Clough et al. 1987}, while golden
cagle nests and wolf dens were primarily restricted to the
foothills (see Fig. 6.1}. Grizzly bear densities were
moderate and their distributions were concentrated in the
foothills ( Yourg and McCabe 1997). In late summer
through winter, the source and distribution of predation
mortatity of calves were unknown, but welves were
probably the dominant predator.

We used multiple scales to analyze factors associated
with calf survival during June: 1) fate of individual calves
within the popaiation of calves; and 2) the proportion of
the annual population of catves that survived until the end
of June in relation to a) habitat characteristics within the
extent of calving and b) habitat characteristics within each
annual calving ground. These latter 2 classifications are
conceptually equivalent 1o the fifth and sixth order habitat
selection analyses.

Several factors were associated with enbanced
survival of individual calves, 1983-1994 (1 = 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%, P = 0.008) if born near the
median calving date rather than being born early or late in
the calving season; greater (11.2%, P = 0.006) if bom on
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Figure 3.25. Median Normalized Difference Vegelation Index on 21
June (NDVI_621) within the annual calving grounds of the Porcupine
caribou herd and weighls of parturient female caribou when caplured
wedthin the annual calving ground on 21 June, 1982-1994. '
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the coastal plain with lower suspected density of wolves,
cagles and bears; and greater (8.395, P = (L0265} if born in
the 1002 Area.

The survival advantage of high density calving to
individual calves tended (o be greater when calves were
born in the foothills and mountains than when they were
born on the ceastal plain (14.3% advantage vs. 7.9%
advantage, respectively).

Individual calf survival was not related (P = 0.160)
the frequency of use of its birth site as 2 portion of the
concentrated calving area, 1983-1994, but calf survival
was lower (9.9%, P = 0.026) if the binh site was in an
area naver used as a concentrated calving area, In a
stepwise logistic regression analysis that simultaneously
considered calving density, time of birth, zone of birth

(coastal plain or foothills), and in or out of the 1002 Area,

only calving density (P = 0.004), time period of birth
{early, middle, late; P =0.012), and zone (P = 0.008)
entered the model that predicted individual calf survival,
1983-1994.

The survival advantage of both high calving density
and being bora near the middie of the calving period may
have been due to predator swamping where high spatial
and temporal densities of calves may make it difficult for
predators to capture individual calves (Hamilton 1971).
Bears tended 1a be less successful at capturing calves in
the concentrated calving areas of the Porcupine caribou
lerd (Young and McCabe 1997).

When assessing the preportion of the aanual
population of calves that survived during June, the timing
of birth in relation te other calves was not applicable, but
median calving date, 1983-1996, was available. In
addition, we could consider the rebative amount of food
(NDVI_calving, NDVI_rate, and NDVI_621), winter
range conditions prior to calf birth (snow properties), and
the proportion of calves born in coastal plain or foothill
Z0nes,

Analyses of the proportion of calves surviving in
relation 1o these independent variables were conducted
separately at 2 scales: a) the extent of calving and b) the
annual calving grounds.

Within the extent of calving, the relative amount of
forage available to females during peak lactation
{(NDVI_621} provided the best model of calf survival
during June (# = 0.85, P < 0.001) (Fig. 3.26). No other
independent variable that was considered added
significant explanatory power.

This medel (Fig 3.26) (Percent June Calf Survival =
{0,107 + {2.05 * NDVI_621 in the extent of calving)] =
100) was the best available estimate of survival of cafves
during June for the Porcupine caribou herd under
undisturbed conditions during the past 2 decades. This
madel of calf survival was independent of annual calving
ground location and, if the 1002 Area is developed, the
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Figure 3.26. Calf survival through June for the Porcupine caribou
nerd, 1985-2001, in refation to median Normafized Difference
Vegelalion Index on 21 June (NDVI_621) within the aggregate oxlent
of calving (EC}. Legends identify the year of lhe estimate, Calf survival
was not estimated fn 1986 because inclament weather prevented a
complete sampte in iate June, Call survival for 1893 was a significant
outlier (RStudent = 3.84, seo text for biological justification) and was
excluded from the eslimaled regression line {(~ = 0.85, P < 0.0001).
Upper and lower dashed lines indicate 95% confidence intervals on the
predicted observalions.

model can be used to assess whether calf survival during
June is affected by development.

Calf survival for 1993 was an outlier (RStudent =
3.84) and excinded from the estimated relationship
between NDVI_621 in the extent of calving and ealf
survivat (Fig. 3.26) and from all subsequent madels of
calf survival. During 1992, atinospheric acrosols from the
eruption of Mt. Pinatubo in the Philippines reached the
Arctic in the spring (Stone et al. 1993), This resulted in a
Iate spring, coet summer, early and heavy snow
deposition in the fall, and near catastrophic conditions for
caribou.

We surmise that the consistently bad weather

conditions during 1992 and early 1993 resulted in & carry-

over effect that reduced calf survival in 1993 (o levels
much lower than would have been expected on the basis
of NDVI_621 alone. 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 birth weight. We draw this conclusion because 0- to
J-week weight-gain of calves that survived to be radio-
callared in 1993 was as high as any other year (Fig, 3.23)
and the weights of parturient females that were caught
with their live calves on ~21 June in 1993 were as high as
any weights we observed, [992-1994 (Jhig. 3.25),

Al the smaller scale of the annual ealving grounds, the
proportion of Porcupine caribou herd calves that survived
through June was positively related to both NDVI_621t in
the annuat calving grounds and to the proportion of caives
that were born on the coastal plain (assumed lower
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predation risk) (+* = 0.70, P < 0.00]). No other variable
added significant explanatory power. Median NDVI_621
in the annual calving grounds and the proportion of calves
born on the coastal plain were not correlated (P > 0.94),
Forage in the annual calving ground accounted for
approximately 75% of the total variance explained by this
model and assumed predation risk accounted for the
remainder (Fig. 3.27),

Thus, in addition to scale dependency in the functional
response of cartbou to habitats (sefection of NDVis
within the extent of calving and within the annual calving
grounds), there was scale dependency in the numerical
response of calf survival to catving ground focation and
habitat conditions. Only forage was related ta calf
survival at the largest spatial scale {extent of ealving) that
we analyzed,

At the intermediate scale (annual calving ground),
“orage dominated calf survival, but predation risk added
substantial explanatory power. At the smallest scale
individuals within the population of calves), spatial and
emporal variance in calf density (indirect predation risk)
ind direct predation risk most effectively explained calf
urvival,

This scale dependency in calf survival likely occurred
wecanse the annual variance in habitat conditiens in both
he extent of calving and in the anhual caiving grounds fur
xceeded the annual variance in predation risk within the
xtent of calving and Within the annual calving grounds,
'he scale dependency in calf survival made it impossible
» extrapolate across scales, Thus, to develop an

nderstanding of the relative influence of forage and

June Calf Survival

Proporton of
Cahes Brnan
Low Prodanon
Risk

NEVE_621

018
Annual Caiving Ground

ure 3.27, Predicted calf survival for the Porcupine caribou herd,
$5-2001, in refation fo median Normalized Difference Vegetation
gx 0n 21 June (NDVI_621) wilhin lhe annual calving ground and o
proportion of calves barm on the Ardlic Mational Wildlife Refuge
slal plain physiographic zone where predator densily was lower
1in the foothil-mountain physiographic zone {r* = 0696, P <

N). Calf survival was not estimated in 1286 because inclement
dher prevented a complete sample in {ale June.

predation on call survival, it is imperative to specify the
scale of analysis, and assess multiple scales
simultancously. .

The temporal incresse in forage during peak lactation
{NDVI_621) (Fig. 3.4) was coincident with local climate
warming (Fig. 3.3a). Forage at eplving (NDVI_calving)
was positively associated with the Arctic Oscillation (Fig.
3.6). There were also positive relationships between
clinate and NDVI_calving, between percent of females
calving in the 1002 Area and NDVI_calving, and between
calf survival and NDVI_calving {#* =6.33, P = 0.011
{annual calving ground); = 0.60, P < 0.001 (extent of
calving)]. As a resuly, June calf survival was weakly
correlated (= 0.22, P = 0.029) with the proportion of
cows that calved in the 1002 Arcea. Further, because
climate affected catving ground location (e.g., Percupine
caribou herd females were more likely to use the western
portion of the extent of calving following winters with a
positive Aretic Oscillation), both forage availability and
predation risk were implicidy related fo climate,

In years with substantial seowcover on the coastal
plain (Fig. 3.18) and relatively low NDVI_62] in the
extent of calving, average calf survival (60%, n=7,5E =
65) was 199 less (£ = (0.008) than when there was little
snowcover at calving and NDVI_621 was high (85%, n =
6, SE = 11%). Thus, climate was an important influence
on habitat conditions, on the likely use of the Alaska
coastud plain and 1002 Area for calving, and on calf
survival during June, 1983-2001, under vndisturbed
comuditians.

Potential Effects of Development on June Calf
Survival

In order to assess the potential effects of development
of the 1002 Arca on the Porcupine caribou herd during
calving, we needed o model of caribou behavioral
response 10 oif freld infrastructures. The adjacent Central
Arctic herd (Fig. 3.2), which calved in the viginity of
Prudhoe Bay - Kuparuk complex of petrolenm
development areas, provided the only available modet of
caribou behavioral response to petroleum development
during calving.

Parmrient female caribou (i, those aboul to give
hirth or accompanied by very young calves) of the Central
Arctic herd repeatedly demostrated their sensitivity to
disturbance during the first fow weeks of life of their
calves (Smyith and Cameron 1983, Whitten and Cameron
1983, Dau and Cameron 1986; Cameren et al, 1992;
Neilemann and Cameron 1996, 1998).

Parturient femaies avoided, or were Tess likely to
cross, infrastructires {roads and pipelines) during the
catving season {Cameron and Whitten 1979, Dau and
Cameron 1986, Murphy and Curatolo 1987, Lawhead
1988, Cameron et al, 1992), In addition, densities of
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caribou during calving (June) were greater than expected
beyond 4 km from roads and pipelines (Cameron et al.
1992),

Central Arctic herd caribou may make substantial use
of areas in the vicinity of oil field infrastructures during
periods of moderate to high inseet abundance during post-
calving in July (Pollard et al. 1994). That observation is
not relevant, fowever, to the distribution of the Central
Arctic herd during calving in June nor {o the assessment
of Porcupine caribou herd distribution during calving in
relation 1o potential oil development: Caribou of the
Porcupine herd generally depart the calving ground
during carly July.

Historically, 2 zones of concentrated calving of the
Ceniral Arctic herd have been recognized (Murphy and
Lawhead 2000). The zones were physically divided by the
Sagavantrktok River and the trans-Alaska oil pipeline.
There was an castern reference zone where development
infrastructure was historically absent through 1995, and a
western developed zone that included the Prudhoe Bay,
Milne Point, and Kuparuk petroleum development areas.
In 1996, the developed versus reference zone study
design was compromised by the completion of pipelines
feading to the Badami petroleum development area, cast
of the trans-Alaska oil pipeline and into the reference
zone.

During the late 1980s, concentrated calving in the
developed zoae shifted from the vicinity of the Kuparuk-
Milne Point petroleum development areas to undeveloped
areas to the south-southwest of the oil fields (Lawhead et
al. 1993, Murphy and Lawhead 2000). Low density
calving continued 10 occur in these petraleam
development areas while concentrated calving shifted.
‘That shift was completed by approximately 1987 when
the Oliktok Peint and Milne Point reads were completed
and substantial infrastructure was in place. The uni-
directional shift in concentrated calving in the developed
zone, 1980-1993, has subsequently been confinmed (P <
0,002, Wolfe 2000). During the same vears, however, the
concentrated calving area in the reference area showed no
uni-directional shaft (F = (.14, Wolfe 2000) (see also Fig.
4.7

Since 1996 the bulk of high density calving in the
developed zone has remained seuth of roads and pipelines
althougl a small zone of high density calving occurred in
the Kupiruk-Milne Point area in 1996 (Lawhead and
Prichard 20(H ). The shift in calving distribution in the
developed zone occurred even though the Milne Point amd
Kuparuk petroleum development areas included
substaniial improvements in field design and layowt (e.g..
clevated pipes, reduced road density) thiat should have
factlitated caribou passage compared witl: the design of
the older Prudhoe Bay Complex.

No other concentrated calving arca of Alaska barren-
ground herds has demonstrated a stadstically sigaificant

uni-directional shift during the past 2 decades,
Kelleyhouse (2081} showed no uni-directional shift in
concentrated calving for the Western Arctic herd, 1987-
2000, but was unable to assess shifts in the concentrated
calving areas of the Teshekpuk Lake herd due to an
inadequate number of years for the test. As noted
previcusly, directional shifts of concentrated calving areas
of the Porcugpine caribou herd have not differed from
randomness, 1983-2001,

Forage during peak lactation (NDVI_621) in the
concentrated calving areas in the developed zone of the
Central Arctic herd declined as the concentrated calving
area shified south-southwest, 1980-1995 (Wolfe 2000).
During this shift, forage during peak tactation remained
highest in the area used for concentrated calving during
1980-1982 (Wolfe 2000). There was, however, no decline
in forage avaifability on June 21 (NDVI_621) in the
concentrated calving areas in the reference zone of the
Central Arctic herd during 1980-1995 (Wolfe 2000). No
clear biological evidence explained the shift of
concentrated calving in the developed zone 1o an area of
reduced forage availability for lactating females. Thus,
petroleum development was implicated as a cause of the
southerly shift in concentrated calving in the developed
zone of the Central Arctic herd, 1980-1995.

Stnce the first census of the Central Arctic lerd in
1978, 1hie herd size has increased from approximately
5,000 to appreximately 27,000 animals in 2000 (E. A.
Lenart, Alaska Department of Fish and Game, personal
communicalion. See also Fig 4.2). There was a sharp
decline (from 23,000 10 18.000) in the herd from 1992-
1995 and u subsequent recovery. It is unknown whether
the Central Arctic herd would have increased at a higher
rate than observed had the concentrated calving area in
the developed 2one not shifted to the south-southwest hy
1987.

The observation ol either an increase ordecrease of
any magaitude in the size of the Central Arctic herd or
any other herd is not, by itself, sufficient evidence (o
conclude that there has been an effect of development or
lack thereof on herd size. For example, had the 1002 Area
been developed in 1989, the subsequent natural decline of
the Porcupine caribou herd (Fig. 3.8) would not have
constituted evidence of an effect of devetopment.

To assess potential effects of development on the
erowth curve of the Central Arctic herd, we needed to
nitke comparisens with an ecologically similar herd. The
Porcupine caribou herd does not constituie a good
ecological comparison and neither does the Western
Arctic herd. The Teshekpuk Lake herd {Fig. 3.9} is the
most ecologically comparable herd o the Central Arctic
herd in Alaska.

The Central Arctic herd and Teshekpuk Lake herd are
certaindy not identical, however: 13 both herds are
relatively small i 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 simtilar climate
trends (Kelleyhouse 2001, Wolte 2000), 4) both herds
exhibited the same dip in herd size during the mid-1990s
{Fig. 3.9}, 5} neither herd has consistently demonstrated
the long distance migrations exhibited by the Western
Arctic herd and Porcupine caribou herd, and 6) before
1987, both components of the Central Arctic herd as well
1s thie Teshekpuk Lake herd calved in wet coastal habitats
~ith relatively late snowmelt,

The apparent divergence in the relative stzes of the
Zentral Arctic herd and adjacent Teshekpuk Lake herd
dter 1987 (Fig. 3.9) suggests that the growth rate of the
Zentral Arctic herd may have slowed after roads and
sipelines expanded in the developed zone and the
-oncentrated calving area in the developed zone shifted
outh-seuthwest. The relative trajectories of the 2 herds’
rowth curves were parallel through the mid- to late-
980s when both herds were stightly less than 4 times as
wrge as when first censused. Thereafter, their trajectories
iverged slightly. By the fate 1990s the Teshekpuk Lake
erd was about 7 times larger than when first censused
hile the Central Arctic herd was only about 5.4 times as
srge as when first observed. Cronin et al. (1998) noted
wt exponentind growth rate of the Teshekpuk Lake herd
‘as approximately tchc as great as the exponential

-owth rate estimated for the Cenwral Arctic herd (0,152
5. 0,077, respectively) from the mid-1970s through the
1d-1990s.

Several ecological fuctors may have diluted or
sscured any populition consequences of avoidance of
droleum development areas by the Central Arclic herd
wring calving. First, only the half of the herd that used
¢ developed zone was potentially affected. Reduction in
ailable food for lactating females during peak lactation
15 demonstrated only for the females that used the
veloped zone concentrated calving area (approximately
% of all females in the Central Arclic herd; Wolfe
06).

Second, the Central Arctic herd remained on the

astal plain when it shifted its concentrated calving areas
the developed zone. The parturient females and calves
re not displaced 1o the adjacent foothills where

wditor densities were assumed to be greatest. Thus, the
ft may have incurred little if any additional mortality

: to predation.

Third, development of the complex of petroleum
relopment areas from Prudhoe Bay to Kuparuk has
wrred during a period of relatively favorable
ironmental conditions (Maxwell 1996), The resilience
1erds to abiotie, biotic, or anthropogenic challenges
ulid be expected to be greatest during favorable
ironmental conditions.

Feurth, because the Central Arctic herd obtained a
relatively small proportion of its annual nitrogen budget
from its calving ground compared with other herds (Fig.
3.22), the Central Arctic herd calving ground may have
had less relative value to herd perfermance than the
calving grounds of other herds.

Fifth, calving ground density of the Central Arctic
herd has been, and remains, quite low {approximately
one-fifth the effective density of the Porcuping caribou
herd; Whitten and Cameron 1985). Thus, 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
been sufficient to accommodate nutritiom requirements.

Because ecologicat conditions for the Porcupine
caribou herd are substantially different than for the
Central Arctic herd, it is unlikely that all these
ameliorating factors will apply 10 the response of the
Porcupine caribou herd to development within its calviag
ground. Neverheiess, the avoidance of oil field roads
and pipelines by parturient females of the Central Arctic
herd during the calving season is transferable to
Porcupine caribou kerd because sensitivity to disturbance
by parturicnt caribon has been repeatedly noted elsewhere
{Wolfe et al. 2000),

To assess the potential effects of petroleum
development in the 1002 Area on the Porcupine caribou
lierd, we assumed that displacement of Porcupine carthou
hierd’s concentrated calving grounds would occur, similar
to the shift observed for the concentrated calving area in
the developed zone of the Central Arctic herd (Lawhead
et al. 1993, Wolfe 2000). We then vsed empirical habitat-
demography relationships developed in the Porcupine
caribou herd stadies 1o assess the implications of this
hypothetical disptacement on calf survival during June for
e Porcupine caribou herd.

We based our predictions on an empirical model
relating calf survival to forage in the annual calving
ground on 21 June and te the proportion of calves bom in
low predation risk (Fig. 3.27). This empiricat model was
Percent June Culf Survival = [-0.0396 + {2.0989 * median
NDVI_621 in the annual calving ground) + (0.00283 *
proportion of calves born in low predation fisk)] * 100,
(= 0.70;, P < 0.001}. The spaliaily explicit nature of this
intermediate-scale model subsumed the effects of
temporal and spatial caribou density on individual calf
survival,

First, we used the empirical model to predict calf
survival in each of the 17 observed annual calving
grounds of the Porcupine caribou herd, 1983-2001 (Fig.
3.13), Then each concentrated calving area was displaced
the minimum distance necessary to provide 3 km
clearance from the boundary of each of 4 hiypothetical 01l
developiment scenarios for the 1002 Area presented in
Tussing and Haley (1999; scenarios 2-3) and for the
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single hypothetical development scenario presented in the
1987 Final Legislative Environmental Impact Statement
(Clough et al, 1987). The scenarios in Tussing and Haley
{1999) ure bused on the most recent estimates of the
distribution and quantity of oif reserves within the 1002
Area (U.S. Geological Survey 2001),

This protocol assumed oil field design similar to the
Kuparuk and Milne Point petroleum development areas
within the scenario boundaries. The modeling exercise
could be used 1o assess the potential effects of additional
development scenarios that are not presented in Tussing
and Haley (1999) or Clough et al. (1987).

Central Arctic herd partirient females actually
separated their concentrated calving areas from
development infrastructure by about 7-8 km (Wolfe
2000). We used a conservative displacement of 4 ki
based on observations by Cameron ct al. (1992) of
increased caribou density from 4 km cutward beyond
roads and pipelines. Calving sites and the entire annual
calving grounds were displaced along with the
concentrated calving areas,

Qur protocol stated that a concentrated calving area
could not be moved onto the Beaufort Sea. We made no
changes in shape of the concentrated calving areas or
annual calving grounds. As a result of these shifts,
refatively small portions of the peripheral, low-density
calving areas were occasionally moved onto the Beaufort
Sea along with some assoctated calving sites, We ireated
these ocean sites as nyissing data when assessing the
potential effects of displacenent on calf survival.

Modeled displacement for the Porcupine caribou herd
was to the cast and south, parailel to the Beaufort Sea
coastiine, becavse that is the direction of the herd’s
migratory approach to the annual calving grounds in
spring. Displacement of the developed-zone concentrited
catving areas of the Central Arctic herd has been
primarily to the soutl, the direction of approach to that
calving ground from winter range.

Our protocel minimized displacement of the
Porcupine caribou herd calving grounds into the foothills
and mountain zone. This teaded to keep the anpual
calving grounds on the coastal plain in the best remaining
feraging habitats, In some cases, observed concentrated
calving arcas (e.g., in 1988, 2000, and 2001) did not
overlap the boundaries of any of the hypothetical
development scenarios, and in those cases the anpual
calving ground was not displaced,

Once the concentrated calving areas and associated
annual calving grounds and calving sites were displaced,
the forage during peak lactation (NDVI_621} within the
displsced annual calving ground was ré-inventoried, the
median was recaleulated, and the proportion of calves
born in the low predation risk zone (coastal plain) was
recalenlied.
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Figure 3.28. Estimated change in calf survival during June for lhe
Parcupine caribou herd, 1985-2001, as a function of the distance of
displacement of lhe annual calving ground and associated
concentrated calving area and calving siles. Upper and lower dashed
lines indicale 95% confidence intervals on the mean effect.

Then the empirical mode] was again used to predict
calf survival for the displaced calving ground. The
difference between the calf survival estimate for the
displaced and observed calving ground was calculated
and a dataset of 46 displacement distances and associated
changes in calf survival was generated for analysis.

The model showed a sigaificant (7 = 0.47, P < 0.001)
inverse relationship between displacement distance and
predicted change in culf survival (Fig. 3.28).

The simulations indicated that a substantial reduction
in calf survival during June would be expected under full
development of the 1002 Area, Eighty-two percent of
observed calving distributions would have been displaced
and the average distance of these displacements would
have been 63 km (range 16-99 km). This would have
yielded a net average effective displacement of 32 km and
an expected mean reduction in calf survival of 8.2% (SE
= 0.7%).

It is remotely conceivable that calving caribou of the
Porcupine caribou herd conld select habitats that yielded
equivalent forage and predation risk after displacement.
Forage for lactating females of the Central Arctic lierd,
however, declined as the concentrated calving area in the
developed zone shifted to the south-southwest (Wolfe
2000). This suggests that such compensatory habitat use
by the Porcupine caribon herd would be unlikely if their
calving gronnds were displaced by oil development.

Because there was no empirical basis for changing the
shupe of the observed calving distributions, it was
impossible to estimate the magaitude of the effect of
considering the peripheral calving areas and calving sites
as missing data when they were displaced onto the ocean.
The effect was expected 1o be smull, Arbitrarily assigning
catving sites that were displaced onto the ocean back onto
the coastal plain and making no other adjustments would
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wave increased displaced calf survival by only about 0.6%
m average. This probably constituted the maximum
wssible effect of treating areas and calving sites that
vere displaced 1o the Beaufort Sea as missing data,
Stachastic simulation medeling (Walsh et al. 1995)

adicated that a 4.6% reduction in Percupine caribou herd
alf survival during fune, all else held equal, would have
een sufficient 1o halt growth of the Porcupine caribou
erd during the best conditions observed to date. A 10-km
verage displacement in our simulations would have been
Jficient 1o bring the vpper conftdence interval on the
iean effect below a 0% predicted change in calf survival
Sg. 3.28). A mean displacement of 27 km in our
odeled predictions would have been sufficient to reach
i threshold of 4.6%6 mean reduction in calf survival
tfficient to halt growth of the Porcupine caribou herd
wder best observed growih conditions to date, This fatter
vel of displacement could oceur well before full
wwelopment of the 1002 Area.

The estimated cffect of displacement of the Porcupine
ribou herd on calf survival during June was
nservative for several reasons, First, we used the
nservative estimate of a 4 km displacement of
ncentrated calving areas from infrastructure (Cameron
al, 1992} versus 7-8 kim (Wolfe 2000), Second, we
iplaced the concentrated calving areas parailel to the
:aufort Sca coastline thus maintaining catving
itributions on the best remaining coastal plain habital

1 minimizing displacement into the foothills where
:dation would be expected to increase calf monatity.
1ally, relatively low density calving was alfowed to
arlap developed areas, as has been observed for the
acent Central Arctic herd (Wolfe 2060, Lawhead and
chard 2001).

Because the assumplions were conservative, the

ults were conservative. Substantial (10 to 27 km)
placement of concentrated calving areas and associnted
jual calving grounds and calving sites of the Porcupine
ibou herd is likely to negatively affect calf survival

ing June. At the upper end of this range of

slacement {27 kmy), recovery of the herd from the

rent dectine (Fig. 3.8) would be unlikely, These
clusions are consistent with those found in the 1987

al Legislative Environmental Impact Statement

yagh et pl. 1987).

Fhe Porcupine caribou herd has demonstrated

stantial natral variability in size and demography

:5. 3.5, 3.8, 3.10a-¢). Because development of the

2 Area would take time, any effects on the heed's
ormance may take decades to deleer, Reduced calf
val may slow the rate of increase during positive

ses of the growih curve of the herd and increase the

of decline during the negative phases of the herd's

gth curve. The period of natural cycles in herd size
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may increase and the amplitude of herd size may be
affected.

The best empirical tool available for detecting
potential effects of deveiopment is the modeled
relationship between calf survival and forage for females
during peak lacration demand (NDVI_621} within the
extent of calving (Fig, 3.26). This model is independent
of actual annual calving ground locution und encompasses
a near full cycle of herd size as well as substantiai
variation in hemispheric weather patterns (Fig, 3.5) und
variation in calving ground location (Fig. 3.13).

With industrial development, if observed calf survival
falls below the lower 95% confidence limit on the
predicted observations from this model (Fig. 3.26), orif a
paratle] pattern of calf survival yields a significantly
lower intercept term, then an effect of development on
calf survival would be indicated.

Individual observations that fall below the tower
confidence limit and which can be satisfactorily expliined
by exceptional environmenta! characteristics {e.g., carry-
over effects of near-catastrophic conditions in 1992 (o
1993 after eruption of Mount Pinatbo) (Fig, 3.26) need
not be considered evidence for effects of develepment on

calf survival. A pauern of observed calf survival below
the lower confidence limit would be cause for concern.

Statistical methods for making these types of decisions
are currently in development (Rexstad and Debevec
2001} This assessment will require continued intensive
calving ground surveys and calf survival estimates.

Conclusions

Our research has shown that the Porcupine caribon
herd has significant annual variance tn calving ground
tocation (FFig. 3.13), faces unnual variunce in habitar
conditions, selects areas with abundam ligh quality
forage for cabving, has increased survival of calves born
in the concentrated calving areas, and shows a correlation
hetween calf survival and both foruge for femules during
peak lactation and predation risk in the anmual catving
grounds. All this implies that unrestricted access 1o annual
calving grounds and concentrated calving arcas
maximized performance of {actating Porcupine caribeu
herd females and their calves. Because the Porcupine
caribou herd has shown limited capacity for growth, free
access to calving ground habitats may have compensated
for less than optimal wintering habitats.

Location of ihe concentrated calving arcas during the
past 19 years (1983-2001) is the besl estimate of the area
Lthat has provided the highest quality calving habitat for
females and their calves. Caif survival within the
aggregate extent of concentrated calving areas has been
higher than for caives born in areas never used as i

concentrited calving area (83.8% vs.73.9%, respectively,
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Figure 3.29. Aggrega t of annual calving (light green shading)
and aggregate extent of concentrated calving {dark green shading) for
the Parcupine caribou herd, 1983-2001. The deformediundeformed
geological boundary is discussed in USGS Fact Sheet F$-028-01
(1).S. Geological Survey 20013

[983-1994, 2 = 0.026). Thus, the aggregate extent of all
ahserved concentrated calving areas (Fig. 3.29) identifies
the most valuable portion of the extent of calving in terms
of calf survival during June.

Our model prediction of a reduction in calf survivad
when culving grounds were displaced supports the
concepl that caribou made a critical "decision™ in locating
their annual calving grounds within the extent of calving.
(983-2001. Tt appears that actual calving ground location
maximized June calf survival given the habiat conditions
wilhin the extent of calving for a given year.

Weight-pain of caives provided further evidence for
the importance of unrestricted location of annuul calving
grounds. The lack of a relationship between calf weight-
auin and habitat use within annual calving grounds
stpgests that weight-gain was optintized by selection of
the annual calving grounds, particularly during the first 3
veeeks of life,

Comparative growth of captive and wild Porcupine
caribou herd calves (Parker et al. 1990) has shown thay
wild Porcupine caribou herd calves attain their maximum
senetic polential for daily weight-gain during early- to
anid-lactation (Gerhart et al. 1996). Therefore unrestricted
selection of the annual calving ground may optimize
weight-gain of calves for a year. The matching rank orders
of NDVI_621 in the annual calving grounds and call
weights at 3 weeks of age. 1992-1994, support this
C[H‘JCC])I.

Unrestricted selection of annual calving grounds likely
rad significant implications for the parturient females as
well as for their calves. The matching rank orders of 1)
NDVI_621 within annual calving grounds, 2) parturient

femnale weights, and 3) panturient female body condition
scores during peak lactation, 1992-1994, suggest
substantial contribution of the calving ground to
parturient females’ nutritional status. Because fall weights
of purturient females influence their probability of
conception {Cameron ct al. 1993, Cameron and ver Hoef
1994, Russell et al, 1998), calving pround habitals may
contribute 10 parturition rates in the following year.

Petroleam development will most likely result in
restricting the location of concentrated calving areas,
calving sites, and annuat calving grounds. Expected
effects that could be observed include reduced survival of
catves during June. reduced weight and condition of
purturient femules and reduced weight of calves in late
June, and. potentially, reduced weight and reduced
probabitity of conception for parturient females in the
tall.

Whether these factors are additive to annual
performance or are compensated on winter fange will
determine the net value of the annual calving grounds to
herd performance. Determining the additive/
compensatory nature of annuat calving ground value,
through field and simulation studies, should be the first
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 s a
resalt of summer warming, Increased winter mortality was
implicated by the herd decline because sub-adult and
adult mortality on the catving ground has been
inconsequential (Fancy et al. 1994, Walsh et al. 1993),
and parturition rate and calf survival during June has
remained high during the decline,

Possible mechanisms for s suspected inerease in
off-calving-ground mortality include: 1) reduced
longevity ol adult females as a result of the cumulative
energetic costs of persistent high parturition and calf
survival during climate warming, 2) increased energetic
costs of insect harassment as the clunate has warmed, 3)
reduced availability of winter forage or other adverse
effects associated with increasing frequency of freeze-
thaw events, 4) the herd exceeded forage carrying
capacity of winter range, or 5) an increase in some form
of predation (human or natural) on the winter range.

Increased frequency of spring and fail icing events on
non-culving hubitats of the Porcupine caribou herd (Figs.
3.7a.b) supports the third hypothesis and may be
implicated in the {ifth hypothesis (increased predation
mortality). Increased frequency of teing was not evident
on the nor-calving ranges of other Alaska barren-ground
caribou herds that have not declined significantly during
the 1990s (Central Arctic herd, Feshekpuk Lake herd,
Western Arctic herd). Testing the remaining hypotheses
will require substantial additiona) fiefdwork.



34 BIOLOGICAL SCIENCE REPORT USGS/BRD 2602-0001

In summary, 4 research-based ecological arguments
wicate that the Parcupine caribou herd may be
articularly sensitive to development within the 1002
ortion of the calving ground:

Low productiviey of she Percupine caribon herd - The
Porcupine caribou herd has had the lowest capacity
for growth among Alaska barren-ground herds
{Porcupine caribou herd = 4.9%, Central Arctic
herd = 10.8%, Teshekpuk Lake herd = 13%,
Western Avetic herd = 9.5%) and is the only
barren-ground herd in Alaska known to be in
decline throughout the 1990s. This low growth rate
(Fig. 3.9} indicates that the Porcupine caribon herd
Ias less capacity to accommodate anthropogenic,
biclopicad, and abiotic stresses than other Alaska
barren-ground herds. Any absolute effect of
development would be expected to have a larger
relative effect on the Porcupine cartbou herd than
on the other herds. For example, an approximale
4.6% reduction in calf survival, all else held equal,
would be enough to prevent Porcupine caribou
herd growth vnder the best condiiions observed 1o
date (Walsh et al. 1995) or prevent recovery from
the current decline. A simlas reduction in caif
survival, al] else held equal, for other Alaska
barren-ground herds, however, wonld not be
sufficient {o arrest their prowtlh.

Demonstrated shift of concentrated calvine areay of
the Central Arctic caribott herd awygy from
petroluem developmeny infrasiruciures - 1tis
assumed that the Porcupine caribou herd caribou
wilt avoid roads and pipelines during ealving in a
manner similar to the Central Acctic herd if
development of the 1002 Area occurs. Avoidance
of petroleum development infrastructure by
parturient caribou during the first few weeks of the
lives of ealves is the most consistently observed
behavioral response of caribon to development.

Lack of kigh-quality alternate calvipe habitar -
Calving areas in Canada and away from the Alaska
coastal plain were used only when the Arclic
Refuge coastal plain, including the 1002 Area,
were unavailable due to Inte snowmelt. Diet quality
on the Canadian portions of the calving ground
wis substantially lower than on the Arctic Refuge
coastal plain and 1002 portions of the calving
grougd. When snow cover reduced access by
females 1o the Arctic Refuge coastal plain and
1002 Area for cabving, calf survival during June
was 19% lower than when they could cabve on the
Arctic Refuge coastal plain and 1002 Area,

] Wy val ¢ Tl
of females - The location of the annual calving
grounds and concentrated calving areas was
variable among years in response to variable
habitat cenditicns and was often coincident with
the 1002 Area. Empirical relationships between
calf survival, forage available to females in the
annual calving grounds, and predation risk derived
from I7 years of ecological data predict that June
calf survival for the Porcupine caribou herd will
decline if the calving grounds are displaced, and
that the effect will increase with displacement
distance. This prediction (Fig. 3.28) is a function
of displacement; I) reducing access to the highest
quality habitats for foraging and 2) increasing
expasure to risk of martality from predation during
calving {first 3 weeks of June).
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Section 4: The Central Arctic Caribou
Herd

Raymond D. Cameron, Walter T. Smiith, Robert G, White,
and Brad Griffith

From the mid-1970s through the mid-1980s, use of
calving and summer habitats by Central Arctic herd
caribou (Rangifer tarandus granti) declined near
petraleum development infrastructure on Alaska's arctic
coastal plain (Cameren et al. 1979; Cameron and Whitten
1980; Smith and Cameron 1983; Whitten and Cameron
19834, 1985; Dau and Cameron 1986).

With surface development continuing to expand
westward from the Prudhoe Bay petroleum development
area (Fig. 4.1), concerns arose that the resultant
cumulative tosses of habitat would eventually reduce
productivity of the caribou herd. Specifically, reduced
access of adult females to preferred foraging areas might
adversely affect growth and fattening (Elison et al. 1980;
Clough et al. 1987), in turn depressing calf production

{Dauphiné 1976, Thomas 1982, Reimers 1983, White
1983, Eloranta and Nieminen 1986, Lenvik et al, 1988,
Thomas and Kiliaan 1991) and survival (Haukioja and
Salovaara 1978, Rognmo et al. 1983, Skogland 1934,
Eloranta and Nieminen 1986, Adamczewski et al, 1987).

Those concerns, though justified in theory, lacked
empirical support. With industrial development in arctic
Alaska virtually unprecedented, there was little basis for
predicting the extent and duration of habitat less, much
less the secondary short- and long-term effects on the
well-being of a particular caribou herd,

Furthermore, despite a general acceptance that body
condition and fecundity of the females gre functionally
related for reindeer and caribouy, it seemed unlikely that
any single model would apply to all subspecies of
Rangifer, and perhaps not even within a subspecies in
different geographic regions. We therefore lacked a
complete understanding of the behavioral responses of
arctic caribou to industrial development, the manner in
which access 1o habitats might be affected, and how
changes in habitat use might translate inio measurable
effects on fecundity and herd growth rate.
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Qur study addressed the following objectives: 1)
estimate variation in the size and productivity of the
Central Arctic herd; 2) estimate changes in the
distribution and movements of Central Arctic herd
caribou in relation to the oif field development; 3)
estimate the relationships between body condition and
reproductive performance of female Central Arctic herd
caribou; and 4) compare the bedy condition, reproductive
success, and offspring survival of females under
disturbance-free conditions (i.c., cast of the
Sagavanirktek River} with the status of those expesed to
petroleum-related development (i.c., west of the
Sapavanirktok River),

Status of the Central Arctic Herd

Pliotocensus results indicate net growth of the Centrad
Arctic herd from 1978 through 2000 (Fig. 4.2). Within
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- Figure 4.2. Photocensus estimates of the Central Arclic caribou herd,
1978-2000 [Whitlen and Cameron 1983b; Alaska Department of Fish
and Game (ADF&G) files] and net calf production based on
absarvalions of radio-collared adull {i ., sexually-mature) females
Trom 10 June through 15 August (ADF&G files). Note: Productivity dala
not adjusted for differances in sample sizes east and west of the
Sagavanirkiok River, Alaska,

that long-term trend, however, there was an abrupt
decrease from 1992 to 19935, This decrease coincided with
calf production estimates at or below approximately 70%.
Steady prowth thereafter was associated with productivity
estimates consistently exceeding 70%.

Development-related Changes in Distribution

Since 1978, changes in the distribution of calving
caribou associnted with the Kuparuk petroleum
development area, west of Prudhoe Bay (Fig. 4.1), have
been quantified using strip-transect surveys flown by
helicopter,

After construction of a road system near Milne Point,
mean caribou abundance declined by more than two-
thirds within 2 km from a road and was less than
expected, overall, within 4 km; but nearly doubled 4-6 km
from roads (Fig. 4.3) (Cameron et al. 19924). Prior to
road placement, caribou were found in a single, more-or-
less continuous concentration roughly centered where the
Milne Point Road was subsequently built, After
construction of the road, a bimodal distribution with
separate concentrations cast and west of the road was
clearly apparent (Fig. 4.4) (Smith and Cameron 1992},
indicating avoidance of infrastructure by calving caribou.

These resulis suggest that roads spaced too closely
will depress calving activity within the entire oil field
complex. 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 abundance (Fig,
4.5} (Cameron et al. {9925),
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Figure 4.3, Fractional changes in mean densily ol caribou from the
Cenlral Arctic herd between pre-construction (1978-81) and post-
conslruction (1982-87) periods for 1-km-dislance intervals from the
Kilne Point road syslem in the Kuparuk petroleum development area,
Maska. {from Cameron ¢ al. 19925}
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Flgure 4.4. Changes in mean relative distribution of caribou from the
Ceniral Arctic herd in the Kuparuk petroleum doevelopment area,
Alaska, during calving: 1979-1981, t982-19886, and 1987-1990. Shown
only arg lhosa 10.4-kmZ-transect segments in which the cccumence of
caribou exceeded the area conlribution to total coverage (0.9%).
Gradations in line spacing depict multiples of observed use relalive to
availabilily: wide = <3X; narraw = >3X-5X; solid = >5X, {from Smith
and Cameron 1992}

An exponential decline in the occurrence of caribou as
density of roads increased (Fig. 4.6) (Nellemann and
Cameron [998) underscores the sensitivity of the females
during the calving period. The probable consequence is
reduced access to preferred habitats (Bishop and Cameron
1990, Neilemann and Cameron 1996, 1998).

[ncremental redistnibution and local habitat loss within
the Kuparuk petroleam developrment area niay have
triggered changes on a regional scale, Walfe (2000)
reported an inland shift in concentrated calving activity
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Flgure 4.5. Decline in percentage abundance of canbou rom the
Cenlral Arctic herd west of the Milne Point Road, Kuparuk petfroleum
development area, Alaska (Spearman’s Rank, P < (.02), and changes
in total numbers of caribou observed north of the Spins Road (see Fig.
4.3;, 1879-1887, (from Cameron el al. 19525}

away from the Milne Point petroleum production unit
(Fig. 4.7), apparently in response to the increasing densily
of infrastructure,

Ground observations within the Kuparuk petrofeum
development area in 1978-1990 provided additional
insights on changiag distribution and movements,
Caribou increasingly avoided zones of intensive activity,
especially during the calving period (Smith et al. 19943,
corrdborating data from strip-transect surveys. Lower
success in crossing road/pipeline corridors by large
insect-harassed groups (Smith and Cameron 1983,
Curatolo and Murphy 1986, Murphy and Curatolo 1987,
Murphy [988) may have contributed 10 a general shify
from the central Kuparuk petroleum development area to
peripheral areas with less surface develepment and human
activity. Roules of summer movement are now primarily
south of Oliktok Point and along the Kuparuk River
floodplain {Smith et al. 1994,
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Figure 4.6. Relationship between mean (SE) density of catibou from
lhe Centrat Arctic herd and road density wilhin preferred rugged
terrain, Kupanuk pelroleum development area, Alaska, 1987-1992
Different ketlers indicate a significan! difference (P < G.08). (from
Nellemann and Cameron 1938)

An analysis of the summer distribution ot radio-
coliarcd females in 1980-1993 (Cameron et al. 1993)
suggests that caribou use of the oil field region at Prudhoe
Bay has declined considerably from that noted during the
1970s by Child (1973), White et al, (1975), and Gavin
{1978), Caribou abundance within the main industrial
complex as well as east-west movenients through that area
were significantly lower than for other areas occupied by
caribou adong the arctic coast {£ = 0.001 and P < (L0,
respectively). Conservative calenlations yielded an
estimated 78% decrease in use by caribou and a Y0%
decrease in their lateral movements (Cameron ¢t al.

1995), all changes apparently in response to intensive
development of the Prudhoe Bay to Kuparuk oil tieid
region over the past 3 decades, Qccurrence of caribou that
use the complex, however, is reportedly unrelated to
distance from infrastruciure {Cronin ¢t al. 1998).

Body Condition and Reproductive Performarnce

Reproductive success of caribou is highly correlated
with autritional status. The probability of praducing a calf
varies directly with body weight and/or £at content of
sexually-midure fenales during the previous autemn
{Cameren et ab, 1993, 2000; Cameron and Ver Hoef {9944
Gerhart ot al. 1997). In contrast, calving date and
perinatal survival are more closely related to maternaf
weight shortly after parturition (Cameron et al, 1993)
{Fig, 4.8). The hikelihood of conceiving is probably
determined by body condition at breeding. whereas
parturition date and caif survival reflect maternal
condition during late gestation.

Figure 4.7. Shifts in concenlraled calving areas, Central Arclic
canbou herd, Alaska, 1980-1995. {adapted from Wolfe 2060)

These relationships fink the nutritional consequences
uf changes in distribution to the reproductive success of
caribou of the Central Arctic herd. West of the
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Figure 4.8. Logistic regressions (solid lines are significant al P < 0.05)
of parturition rate, incidence of early calving (i.e., on or bafora 7 June),
3nd perinatal (>2 days pos! partum} calf survival on autumn and
summer body weights of female caribou, Ceniral Arctic caribou herd,
Alaska, 1987.1991. The empirical percentages are shown al arbitrary
10-kg intervals of body weight. Numbers in parentheses are sampfe
sizes. The asterisk indicates inclusion of one female weighing 57 kg.
{from Cameron ef al. 1993)

Sagavanirktok River, in the petroleum development zone,
cartbou had reduced access to preferred foraging habitats
near roads (Nellemann and Camereon 1996) and shifted
their concentrated calving arca into habisats with lower
plant biemass (P < 0.001) (Wolfe 20003, In contrast,
forage biomass remained constant (P = 0.23} within
concentrated calving areas east of the Sagavanirktok
River where no development was presemt (Wolfe 2000)
(Fig. 4.9).

Repeated use of lower-quatity calving habitats may
reduce forage ntake by females calving west of the
Sagavanirktok River. Likewise, impaired summer
movements between nsect relief habitat and inland
feeding areas could depress energy balance (Smith 1996}
and, hence, rates of weight-gain.

Indeed, several data sets sugpest reduced nutritional
statis and fecundity of radio-collared females exposed (o
oil development west of the Sagavanirktok River.
Estimates of July and October body weights, over-
summer weight-pain, the incidence of 2 successive-year
pregnancies, and perinagal calf survival all tended 1o be
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Figure 4.9. Changes in median Normalized Difference Vegelalion
Index {NDVI} on 21 June for concentraled calving areas of the Central
Arctic caribou herd in the study reference zane {relalively
undeveloped) and {realment zone (developed) easl and west of the
Sagavanirktok River, Alaska, respectively, 1885-1895. {from Wolfe
2000)

fower for females to the west than for those under
disturbance-free conditions to the cast, although
individuat differences were not significant at the 955
confidence level {Cameron et al. 1992a), ’

in a more recent anatysis of data for 1988-1994,
however, mean parturition rate of females calving west of
the Sagavanirktok River was less than that of females
calving cast of the Sagavanirktok River, 64% vs, 83%,
respectively (2 = 0.003, Table 4.1) (Cameren 1995).
Comresponding frequencies of reproductive pauses
(Cameron 1994, Cameron and Ver Hoef [994) were
significantly higher (£ < (.02, r-test, ratio method} in the
west (36%, 26 of 73 observations) compared with the east
(19%, 12 of 04 observations), or approximalely one panse
every 3 and 3 years, respectively (Cameron 1993),

The key constraint on reproduction is factation, which
exacts a substantial cost on summer weight-gain, in turn
influencing the probability of conceiving that autumn.
During 1988-1991, weights of all lactating Central Arctic
herd femaies sampled averaged 9 kg less than
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Table 4.1. Parturition status of 43 radio-coliared female caribou?, Cenlral
Arclic herd, west and east of lhe Sagavanirkiok River?, Alaska, 1988~
1994, West includes the Prudhoe Bay and Kuparuk oil fields; east was
generally free of disturbance during Lhat fime. {data from Cameron 1995)

% Parturient {n)

T T Ok

6l N — HOMLACTATING
- LACTAYING
M

P arturitdn

P flotam D ﬂu\
g - T Parunition
o s ftale = D86
£l
3
g2
n

1

o Lz = i t trrad L

60 o .13 1] 160 110 130

Autummn Body Welght (kg)

Year Waest East
1588 727 {11} 100.0  (B)
1989 53.8  (13) 77.8 (9
15880 §3.3 {13} 1006 (7)
1991 455 (17) 750 (12}
1992 727 {11) 750 {12)
1983 55.6 {9) 62.5 (8)
1994 66.7 (8} 87.5 (B)
Mean parturition rata% 64.3°+50 825"+ 53

2 All sexually mature.
b Individual locations consistenlly west or east for 2-7 years during
the calving period.

" test, paired comparisons, P=0.003.

nonlactating females (Fig, 4.10). This resulted in &
projected 28% lower parturitiona rate for the lactating
females (Fig. 4.11) (Cameren and White 1992).

Lower parturition rates of females west of the
Sagavanirktek River during 1988-94 (Table 4.1) may
reflect a faiture {o compensate for the metabolic burden of
milk production (i.e., through increased forage intake or
reduced energy expenditare). Hence, those females of the
Central Arctic herd that used the development zone were
in consistently poorer condition in autumn, experienced
more {requent reproductive pauses, and produced fewer
calves {Fig. 4.2).

Yet the degree te which lactation constrains weight-
gain does vary, An increase in pet calf production during

100 -
(] Homactsting
Lactafing 71: ............. |
&
<
5 ] - -
% 80 J:__ %
L \
78 |- \\\
N\
60 \\
Summor Autumn

Figure 4.10, Mean (SE) body weights of lactaling and nonlactating
female caribeu from the Centtal Arclic herd, Alaska, in summer {(July)
and autumn {October). {from Cameron and White 1982) *Significan! at
P<0.001.

Figure 4.41. Distribulions of observed autumn {Oclober) body weights
for [actaling and nonfactating female caribou from the Central Asclic
herd. The associaled parturition rales are integrated estimales derived
from the logislic model (Fig. 4.8). {from Camercn and White 1992}

1996-2000 (Fig. 4.2) suggests the prevalence of forage
and insect conditions that enhanced growth and fattening
despite the demands of mitk preduction and presence of
industrial activity. With the opening of the Badami
petraleum development area east of the Sagananirktok
River in 1996, however, the undisturbed status of that
area was compromised, rendering further comparisons
questionable.

Overview

Clearly, anthropogenic impacts on caribou must be
identified and assessed within the framework of a variable
natural environment. Favorable foraging and insect
conditions would attenuate the consequences of
disturbance-induced changes in quatity of occupied
habitais, Conversely, adverse conditions would exacerbate
those same types of consequences. Unless analyses are
based on muiti-year observations of marked individuals
aad incorporate comparative data on an undisturbed
control or reference group, conclusions will be equivocal
at best. For example, absent a valid baseline, net growth
of the Central Arctic herd (Fig. 4.2) is no better evidence
of compatibifity with development than a net decline
would be evidence of a conflict.

The crucial consideration for the future of the Central
Arctic herd and other arctic caribou herds is whether
changes in distribution associated with surface
development, by depressing reproduction vr survival, will
either retard an increase in herd size or accelerate a
decrease.

Cur data, in fact, indicate shat productivity can and
will dectine if the cumulative loss of preferred habitat,
when superimposed on natural forces, s sufficient to
COIPromise nulrition,
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Section 5: Forage Quantity and Quality

Janet C. Jorgenson, Mark S. Udevitz, and Naney A, Felix

The Porcupine caribou herd has traditionally used the
coastal plain of the Arctic National Wiidlife Refuge.
Alaska, for calving. Availability of nutritious forage has
been hypothesized as one of the reasons the Porcupine
caribou herd migrates hundreds of kilometers to reach the
coastal plain for calving (Kuropat and Bryant 1980,
Russell et al. 1993).

Forage quantity and quality and the chronology of
snowmelt (which determines availability and phenological
stages of forage) have been suggested as important habitat
attributes that lead calving caribou o select ope areit over
another (Lent 1980, White and Trudel} 1980, Eastiand et
al. 19893, A major question when considering the impact
of petroleum development is whelher potential
displacement of the caribou from the 1002 Area to
alternate calving habitat will limit access to high quantity
and quality forage.

Our study had the following objectives: 1) quantiy
snowmelt patterns by area; 2) quantify relationships
among phenology. biomass, and nutrient content of
principal forage species by vegetation type; and 3)
determine if traditional concentrated calving areas differ
from adjacent areas with Jower calving deasities in terms
of vegetation charactenistics.

We investigated caribou forage in 2 areas: an
historicatly traditional calving arca entirely within the
1002 Area and an adjacent displacement arca entirely
outside of the 1002 Area (Fig. 5.1).

The traditional ealving area was defined during the
1002 Area bascline biological studies as the area of
intensive calving use during 10 of the 14 years studied
from 1972 to 1985. Importance of this arca was upheld by
data on calving locations from later years.

Availability of potential disptacement arcas is linited
here hecause the coastal plain narrows as the rugged

Boeavlort Soa

HHE

Figure 5.1. Map of caribou forage study area, Parcupine caribou herd,
on the coastal plain of the Arclic National Wildfife Refuge, Alaska.
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Brooks Range moumains approach the Beautort Sea. The
displacement arca chosen for comparison was located o
the south and cast of the 1002 Area in the only pan of
Alaska's North Stope that is a designated Wilderness
Area.

‘The displacement area had topography similar to the
wraditional arca: a mix of rolling foothiils and coastal
plains. It fay atong the spring migration route typically
traversed by the Porcupine caribon herd. Female caribou
lave calved in this area, especially during years when
snow melted late (Fig. 3.18).

We gathered data at both study areas during the
caribou calving peried in cacly June of 1990 and 1991,
Fifty-five 30m x 30m study sites in 1990, and 45 in 1991,
were located at the intersections of grids positioned
randomiy over the entire study area. We sampled during 3
periods in 1990 (31 May-3 June, 8-12 June, and 19-22
June), and 2 periods in 1991 (4-6 June and 9-13 June).

Data were cotlected on 4 prevalent plant species
identified in the literature as important forage for caribou
on Alaska's North Slope: Eriophornim vaginaien (lussock
cottongrass). E. angustifolium (tatl contongrass), Carex
aquatilis (aquatic sedge), and Salix planifolia ssp. pulchra
(diamond-leaf willow) (Thompson and McCourt 1981,
Russell et ai. 1993).

At cach study site, forage quantity data were collecied
in 14 [-m* quadrats along 2 randomly-located transects.
Phenology data were coliected at the same 14 quadrats,
plus 20 3-m? quadrats located on 2 additional random
transects, Tussock cottongrass inflarescences and
diamond-leaf wiliow leaves were collected on transects
for analyses of nutrient and fiber content at a random
subsample of sites during 1990 only.

We compared the traditional and displacement calving
areas by measuring the following characteristics:
distributions of vegetation 1ypes, snowcover, plant
biomass, nutrient and fiber content, and phenology.

Non-parametric analysis of variance using a repeated
measures design was used 10 test for differences between
the calving areas and between sampling periods (time).
Analyses were conducted individually for each parameter
in each year.

Interactions belween area and time were wested with
Mamn-Whitney tests (Conover 1980) of area differences
for each time contrast in a full orthogonal set. If
interactions were insignificant (£ > 0.03), arca differences
were tested with Mann-Whitney tests based on the mean
value for all sampling periods. The differences between
the first and last sampling periods were tested with the
sign test using data from both areas. If any interactions
were significant, tests for differences between areas were
conducted separately for each sampling period, and sign
tests were conducted separately for each arei. ;
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Forage Comparisons Within and Outside the
1002 Area

Spring snowmelt was very earty in 1990 and was
nearty complete before the calving period. Snowmelt in
1991 was slightly earlier than normal. In 1991, we found
the traditional calvieg arca had more arca with partial
snowcover remaining during the calving period than the
displacement area (40% vs. 33%, P = 0.02). Some plants
were in carlier phenological stages in the traditional area
{Table 5.1}

The quantity of new green forage was low throughout
bath study areas during the calving period in both years
even though snow melted earlier than normal (Table 5.2}
Only tussock cottongrass fowers appeared to be readily
available for forage during the peak of calving. The 2
other sedges had very little new growth. The willow,
which is the major forage species later 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 (Table 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 was statistically
significant only in 1991, Tussock cottongrass was

uncommen at the displacement area sites, The 2 other
sedges had very low cover and no significant differences.
Diamond-leaf willow did not {caf out during the study
period in 1991, but in 1990 willow leaves had greater
biomass in the traditional calving area when they leafed
out.

Tussock cottongrass flowers and diamond-leaf willow
leaves were tested for forage quatity throughout the study
period in 1990 (Table 5.4). Higher nuirient concentrations
increase forage quality, while higher fiber and lignin
concentrations decrease digestibility. Both plant species
tended to have greater forage quatity in earlier
phenological stages than in later stages. Tussock
cottongrass flowers had greater forage quality in the
traditiona] calving area than in the displacement area.

Distributions of vegetation types werte distinctly
different between the 2 areas (Table 5.5). The traditionatl
calving area had greater cover of 2 vegetation types
imponant for caribou forage: tussock wndra and moist
sedge-willow tundra. The displacement area had grenter
cover of carly succession vegetation types such as Dryas
river terraces and barren or partially vegetated ground due
to the greater extent of floodplains in that area. Tussock
turdra is a late-sucecession vegetation type and i3 nearly
absent from floadplain terrain (Jorgensen et al. 1994),

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

Tzable 5.1. Median phenciegical slages® ol major forage species in the Porcupine caribou herd's traditional canibou calving area (C) and potential
displacemeni area (D) on lhe coastal plain of the Arclic National Wildlife Refuge, Alaska.

1950 31 May- 03 June 08 - 12 June 19-22 Juno .

c D C G c D Araab Tima®
Tussock cottongrass 3 37d 3 g"d 3 i P<0.01 .
Tall cottongrass : 1 1 2 2 2 2 P=0.60 ns
Aquatic sedge 1 1 2 1 2 2 F=0.44 .
Dlamondieaf willow 1 2 1 2" 2 3" F=0.01 *
1991 04 — 06 June 09 - 13 June {no sampling}

c b c D AreaP Timag®
Tussock cottongrass 2 2 3 3 F=0.85 .
Tall cottongrass 1 o 1 5 £=0.04 ns
Aqualic sedge 1 2 2 1 £=0.83 ns
Diamondleal willow o o'd 0 1" P<0.01 :

*P<0.05 ' P<0.01, ns =no significant di.!‘[erence.

a Fhenological stages: Tussock cottongrass, T = bool stage, 2 = eary fiower, 3 = full flower, 4 = seed; Tall collongrass and
Agquatlc sedge, 1 = vegelalive < Sem, 2 = vegelalive > 5cm, 3 = early llower, 4 = full Hower, Diamondeal willow, & = no naw

growth, 1 = bud swollen, 2 =leaf unfolding, 3 = full eal.

b Significance laval for difference belwaen areas averaged over ali pericds.

o0

Significance level for change betwaen first and last sampling period.
Phanclogical stage signilicanily advanced, allhough median valuss were lhe same.
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Table 5.2. Median®biomass (g/m) and parcent cover of 4 major
caribou forage species in the 5 mosl common vegstalion lypes on the
coastal plain of lhe Arclic National Wildlife Refuge, Alaska, during the
Porcupine caribou herd's calving period, June 1990,

Vegetation Typesb

Species wG MS MSD 1T ST
Tu cottongrass

gm* 0.00" <001  <0.01® 004 003%
Il collonagrass

% cover 12 14t 0.5° 0.4°  05%
Aquatic sedqa

%cover 08" 07 0.¢° 00"  00°
Diamondlaaf willow

g/m® 0.00" 088" 0.00" 083" 3.25°

a Values are medlans for ali sites, with site values obtained as
means for 3 times. Medians with the same superscript were
not significanlly different (P < 0.05).

b Vegelalion types: WG = wet graminoid {undra, MS = moist
sedgo-willow tundra, MSD = moist sedge-Dryas fundra, TT =
tussock tundra, ST = low shrub tundra.
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poorer than in the lower foothills of the traditional calving
area, Glacial lobes covered about one-fifth of the foothills
in the displacement area during the most recent glaciation
that ended ~10,000 years ago. These recently deglaciated

areas have very little tussock mndra (Jorgenson 1984).

Different distributions of vegetation types may explain
most of the differences found in forage quantity and
quality between the traditional and displacement areas.
Tussock cottongrass flowers had greater biomass and
forage quality in the tussock tundra type compared with
other vegetation types (Tables 5.2 and 3.6). The greater
biomass of flowers in the traditienal area mainly resulted
from the greater extent of tussock wndra. No consistent
differences in flower quantity or quality between tussock
tundra in the traditienat calving area gnd tussock tundra in
the displacement area were observed.

The location of the Porcupine caribou herd traditional
calving area is greatly influenced by vegetaion type
distributions and snowmelt patterns across the Arctic
Refuge coastal plain. These factors appear to determine
the quantity and quality of forage available to the casibou
during calving.

Because of the low amount of forage available during
the cadving period, the differences in vegelation

Table 5.3. Median densily (no/m<2), biomass (gfmzj, and percent cover of major ferage species in the Parcupine caribou herd's fraditional caribou
calving area (C) and patential displacement area (D) on Ihe coastal piain of the Arctic Nalional Wildlife Refuge, Alaska.

1990 31 May- 03 June 08 - 12 June 19 - 22 June
C D C 5] C D Area® Time?
Tussock cottongrass flowers
no/m2e 0.8 0 0.5 0.2 0.2 0 P=0.87 ns
o/m2 0.02 0 0.01 < 0.01 0.0% 0 FP=1.00 ns
Tall cotfengrass
% cover 0.4 o4 0.6 0.3 0.6 0.2 P=093 ns
Aquatic sedge
% cover ¢ 0 0 0 o 0 P=0.72 ¢
Diamondleal willow leaves
a/m2 0 ¢ o 0 2.0 03 P=0.10 *
1891
04 —- 08 June 09 - 13 June {no sampling)
c D C D C D Area® Time®
Tussock coltongrass flowers
no/m2 27 0.0 35 0.0* P=<0.01 ns
g'm2 009 0.00" 0.1 0.00"" P<0.01 ns
Tall cotiongrass
%2 covar 02 03 03 0 P=0.68 ns
Aquatic sedge
% cavar 0 0 0 0 P=0.08 «©

" P <005 " P<0.01, ns = no slgnilicant differencs.

a Significance level for difference between argas averaged over all periods.
b Significance level for change between first and last tima periods. I the significance levels differod between areas, both are

shown (G/D).

¢ Last sampling perlod wilh significantly bigher cover, although median valuos were the samae,
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Table 5.4. Median nutrien! and fiber concentrations {percent of dry weight) of 2 major forage spedcies in different phenclogicat stages in the
Parcupine caribou herd’s traditional caribou calving area (C) and potential displacement area (D) on the coastal plain of the Arclic Nalional

Wildlife Refuge, Alaska.

Early Flowar Ful! Flower Seed
Tussock cottengrass cC D c D c D Arga® TimaP
Nilrogen 2.8 2.6 25 22" 2.4 22" P=0.01 s
Phosphorus 0.49 0.45 046 038 038 036 £=0.03  “/ns
Calcium 0.18 G.16 0.13 0.12 0.14 0.1 F=0.25 ns
Neulral detergent fibar 55.8 58.0 58.2 62.7 66.8 85.9 P=0.07 *
Acid detergent fibor 18.5 18.4 18.0 204" 22.8 aan™ P=0.01 i
Lignin 23 26 25 23 1.9 1.9 P=043  ns
n {# of sites) 6 7 8 15 8 14

Leafl Unfoiding Fulf Leaf
Blamondleaf willow c D C D
Nilrogen 3.7 a4 2.2 2.2 P=0.27 *
Phosphaorus .50 0,47 0.18 0.7 FP=0.79 *
Calcium 0.51 0.4% c.62 0.59 P=0.34 *
Neutral gelergent fibar 222 224 25.0 25.6 P=0.71 *
Acid detergent fiber 16.3 156 17.0 17.7 F=0.71 *
Lignin 10.3 9.4 8.8 94 P=0.43 ¢
n {# of sites) 8 a8 8 8

* P <0.05, " P<0.01, ns = no significant differenco.

a Significance lovel for difference between areas averaged over all pericds.

b Significance level for change between first and last time periods. IF the significance levels diffared between areas, bolh are
shown {C/D). All tests for tussock cottongrass inllorascences were of full flower and seed stages only.

Table 5.5. Dislrbution of vegelation types {percenl of area) in lhe caribou habitat skudy area {Fig. 5.1) based on an independent sample of 756
syslematically-located vegelation plots on the coasta! plain of the Arctic Nalional Wildlile Refuge, Alaska,

Vegetation Type Entire Calving Habitat Traditionaf Displacement Calving
Coastal Plalin Sludy Area Calving Area Area

Tussock Tundia 22 30 33 21
Molst Sadge-Willow Tundra 30 25 31 19
Low Shrub Tundra 7 B! 8 13
Moist Sedge-Dryas Tundra 12 9 7 12
Wat Graminoid Tundra 13 | 8 8 7
Dryas River Terrace 3 7 1 13
Riparian Shrublands . 2 3 3 3
Barren 2 3 3 4
Pantially Vegelated 2 2 <1 5
Water <1 2 <1 4
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Tabia 5.5, Median nulrient and fiber concentralions {percenl of dry weight) of tussack cottengrass inflorescences in different phenological stages
compared between tussock fundra and other vegetation types on the coastal plain of the Arctic Natienal Wildlife Refuge, Alaska.

Full Flower Seed
TTR Other T Cthar Slage

Nitrogen 2.4 20 2.4 21" P <001
Phosphorus 0.43 034" 0.39 0.35" P <0.01
Neuiral detergent liber 60.0 63.6 £6.2 66.7 P=025
Acld dgtergent fiber 19.7 218 22.8 aa1g” P =004
Lignin 2.6 114" 1.9 1.9 P=0.03
n {# of sites) 17 8 16 6

*P<005 "™ P<0.01

a TT = tussock tundra; Cther = al! other vegetation types that had tussock cotlongrass inflorascences including moist sadge-willow

tundra, molst sedge-Dryas lundra, and shrub-dominated tundra.

characteristics found between the 2 areas studied are
probably biologically important and could affect calving
success of the herd if petroleum development causes the
displacement of calving cartbou out of the 1002 Area into
adjacent areas with lower forage value,
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Section 6: Predators

Donald D. Young, Thomas R, McCabe, Robert Ambrose,
Gerald W. Garner, Greg J. Weiler, Harry Vi Reynolds,
Mark 8. Udevitz, Dan J. Reed, and Brad Griffith

Calving caribou (Rangifer tarandus} of the Central
Arctic herd, Alaska, have avoided the infrastructure
associated with the complex of petroleum development
areas from Prudhoe Bay to Kuparuk (Canieron et al, 1992,
Nellemann and Cameron 1998, and Scction 4 of this
document). Calving females of the Porcupine caribou herd
may situilarly avoid any of field roads and pipelines
developed in arcas traditionally used during the calving
and post-calving periods. This may dispiace the caribou
females and calves to areas cast and south of the 1002
Arca of the Arctic National Wildlife Refuge.

Increased calf mortality could occur if calving caribou
are displaced into areas that have a higher density of
predators, higher rates of predation, or where a higher
proportion of the predators regularly use caribou as a food
source (Whitten et al, 1992).

Our study assessed predation risks to caribou calving
inthe 1002 Area versus calving in potential displacement
areas. Due wo funding constraings, our rescarch focused on
grizzly bears (Ursus arctos), with wolves (Canus fupus)
and golden cagles (Aguila chrysactos) receiving only
cursory atention. Our research objectives were Do
compare relative abundance of predators within the 1002
Area with that in adjacent peripheral areas, 2) w0
determine factors affecting predator abundance on the
calving grounds, and 3) to quantify the use of caribou as a
food source for predators and the importance of caribou 10
the preduciivity of predator populations using the coasta)
plain of the Arctic National Wildlite Refuge.

To accurately describe the activities of predators
refative to catving caribou, we divided the study area into
3 naturally oceurring physiographic zones: coastal plain,
which included virtually alt of the 1002 Area (< 300 m
clevation); foothills (301-900 m elevation); and mountains
{= 900 m elevation).

Landscape use distributions were estimated with fixed-
kernel analyses using I_east Squares Cross Validation
{Silverman 1986, Seanwn et al. 1996, 1908, 19593,
Concentrated use areas were defined as the utilization
contour that inctuded sites with preater than average
density (Seaman ¢l g, 1998). In all cases, sampling was
limited to the north slope of the Brooks Range.

Eagle distribtion estimates were based on acrial
survey locations of 202 nest stractures that were no closer
than 1 km from adjacent stnictures. Wolf distribution
estimates were based on aerial survey Jocations of 22 dens
in the Arctic Refuge and northwestem Yukon Territory,
Canada. Additional wolf dens in the foothills and
mountains to the cast of the estimated wolf concentraled

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

Grizzly bear distributions were estimated annwally,
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 (Nea et
al.1974). Distance-based tests of independence (Diggle
and Cox 1983) as well as analysis of variance procedures
were used to compare grizzly bear and calving cariboy
distributions,

Predator Distributions

Predators {(grizzly bears, wolves, and nesting golden
cagles) in general were more abundant in the foothills and
mountains than on the coasta] plaia (Fig. 6.1). The
distribution of grizzly bear radio-locations relative to the
coastal plain, foothill, and mountain zones was non-
random (P < 0,0001, Chi-square).

In all years, the foothills received greater use by bears
than expected, whereas the coustal 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 mere abundant in the
foothills because the roiling hills provided greater
diversity in topography, vegetation, and phenolegy than
the flatter coastal plain, Other studies have reported lower
grizzly bear densities on the aretic coastal plain than in
the foothills of the Brooks Range (Miller et al. 1997,
Reynolds 1979).

Radio-collared wolves were more likely to be found in
the foothills (35%) and mountajns (36%/) than on the
coastal plain (9%). All active wolf dens (n=11) were
located in the mountains, with the exception of one den
located in the foothills. Since 1982, there have been n1o
reported cases of wolf dens on the coastal plain of the
Arctic Refuge,

Alt 170 golden eagle nest structures, including 22
active nest sites, that were focated within 30 kem of the
1002 Area were found in the foothills and mountains
{Young et al. 1995), Subaduh golden cagles, however,
were abundant on the Arctic Refuge coastal phin and
foothitls where their distributions coincided with those of
calving caribou.

Factors Assoclated with Predator Pistributions

Grizzly bear distribulions during the caribou calving
period in early June appeared to be influenced by a
combination of factors inctuding seasonal habitat
selection patterns, annual variations in snowmelt, and
annual disiribution patterns of calving caribou.

Within-year (1983-1993) spatial distribution patterns
of radio-collared grizzly bears did not differ among time
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periods, whereas concumrent distributions of calving
caribou did differ. This suggests that annual garizzly bear
distributions were influenced less by the distribution of
calving caribou than by other factors (e.g., annual
snawmelt patterns), Among-year differences (P < 0.05) in
erizzly bear spatial distribution patterns suggest that
annual variations in snowmelt contribute to annual bear
distribution pattemns.

Radio-collared grizzly bears were relocated more
frequently on the coastal plain in years when snowmelt
occurred earty (38.9%) or normally {23.8%). as in {950

05) nest structures, b) woll (Canis fupus) dens, and ¢}
grizzly bears (Ursus arctos) near the calving grounds of the Porcupine cartbou herd. Solid yellow lines enclose
concentrated use areas {CUA, siles with greater than average observation density), solid while lines delineate 89%
use distribulions {UD), and the dashed red line delineates the approximate 300-m-elevalion boundary belween the
coaslal plain and foolhillimountain physiographic zones. The outer perimelers of all annual grizzly bear fixed kernel
estimates of CUA and 99% UD are depicted.

and 1989, respectively, than in years when snowmelt
occurred bate (12.7%), as in 1988, Distributions of radio-
collared bears and caribou cows with calves tended 1o be
positively associated in 1988 and 1989 Gi.c., years of late
and normal snowmelt. respectively, whea calving
aceurred primarily in the foothills). and negatively
associated in 1990 (i.e., a year of carly snowmelt when
calving oceurred primarily on the coastal plain} (Young et
al. 1994y,

Analyses of concurrent grizzly bear and calving
caribou distributions in 1983-1993 indicated that bears
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selected high or medium caribou density zones in 5 of 9
(56%]) years, but aveided the highest density of caribou in
2 (22%%) years. Two years were not comparable,

During the caribou calving period, radto-collared
wolves were located primarily in the mountains and
foothills where their activity was associated with den
sites. Al known wolf den sites on the North Slope of the
Arctic Refuge have been located in the mountains and
foothills, Thus, the availubility of suitable den sites
appears {0 be the primary facter influercing wolf
distributions during the calving period.

Factors affecting the distribution of nesting golden
cagles differed from those of subadult birds. Nesting or
aduit birds sought suitable nesting habitat on cliffs found
primarily in the foothills and mountains in proximity to
colonies of Arctic ground squirrels (Spermophilus parrys),
their primary prey (Young et al. 1995). Subadult birds
appeared te 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 grizzly bear observation
surveys that were successfuily completed (>1 hr), 8 (31%)
included a kil of a caribou calf (Young and McCabe
1997). Kill rates of caribou calves ranged from 1.0 10 6.3
kills/bear unit/day; a bear unit being a solitary individual,
a family group, or 2 male with 1 or more consorts.

Trends in the data suggested that bears were more
likely to encounter and kill caribou calves as calving
density deereased, This suggests that predator swamping
may be an elfective ami-predator strategy by calving
females of the Porcupine cartbou herd with respect to
predation by grizzly bears,

Radio-collared wolves were relocated in the vicinity
of caribou 34% of the time and on caribou carcasses 9%
of the time. Productivity was similar (£ > 0.05) between 3
wolf packs with access (4.3 pups/litter) and 1 pack
without aceess (4.2 pups/litter) 1o the tradiional caribou
calving grounds. Beeause there are few wolves (20-40)
and their distributions are usually separated from those of
calving caribou, wolves kil relatively few caribou during
the calving period.

Based on 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 al. 1995), Subadult birds,
however, are important predators of cadving caribou
(Whitten et al, 1992; see also section 3 of this report).

References

Cameron, R. D., D. J. Reed, §. R. Dau, and W. T. Smith, 1992.
Redistribution of calving caribou in respease to oil field
development on the Arctic Slope of Alaska, Arctic 45:338-
342,

Diggle, P. §., and 1. F. Cox. 1983. Some distance-based 1ests of
independence for sparsely-sampled multivariate spatiai
point panterns. Intemnational Statistical Review 51:11-23.

Miiler, §.D., G. C. White, R. A. Sellers, i1 V. Reynolds, I, W,
Schoen, K. Titus, V. G. Barnes Ir., R, B. Smith, R. R.
Nelson, W. B. Ballard, and C. €. Schwartz. 1997, Brown
and black bear density estimation in Alaska using
radiotelemetry and replicated mark-resight techiniques,
Wildlife Monographs 133,

Neliemann, C., and R. D. Cameron, 1998. Cumulative impacts
of an evolving oil-ficld complex on the distribution of
calving caribon. Canadian Journal of Zoology 76:1425-
14306.

Neu, C. W., C.R. Beyers, 1. M. Peek, and V. Boy. 1974, A
rechnique for analysis of utilization-avaijlability data.
Journal of Wildlife Management 38:341-545,

Reynolds, H. V. 1979, Population biology, movement,
distribution and habitat utilization of a grizzly bear
population in NPR-A. Pages 129-182 in Work Group 3,
Suudies of selected wildlife and fish and their use of habitats
on the lands in and adjacent to the National Petroleum
Reserve in Alaska 1977-1978, ULS. Deparunent of the
[nterior National Petroleum Reserve in Alaska 105{c) Land
Use Study, Anchorape, Alaska, USA,

Scaman, D. E., B. Griffith, and R. A, Powell. 1998.
KERNELHR: a program for estimating animal home '
ranges, Wildlife Society Bulletin 26:95-100.

)L Millspaugh, B, 1. Kemohan, G. C, Brundige, K. 1.
Raedeke, and R. A_ Ghizen. 1999 Effects of sample size on
kernel home range estimates. Journal of Wildlife
Management 63:739-747.

and R, A, Powell, 1996. An evaluation of the accuracy
of kermel density estimators for home range analysis.
Gcology 77 1)2075-2085.

Silverman, B, W, 1986, Density estimation for statistics and
data analysis. Chapman and Hall, London, England, United
Kingdom.

Whitten, K. R., G. W, Gamer, F. 1. Mauer, and R. B. Harris.
1992. Preductivity and early catf survival in the Porcupine
caribou herd. Joumal of Wildlife Management 56:201-212.

Young, I3 T, and T. R, MeCabe. 1997, Grizzly bear predation
rates on caribou calves in norheastern Alaska, Joomat of
Wildlife Management 61(-4):1056-1060.

. . G W Garner, and H. V. Revnolds, 1994, Use of
a distance-based test of independence to measure brown
bear-cagibioun association in northeastern Alaska. Ninth
International Conteyence of Bear Research Management
9135442,

, CoL Melmyre, P ). Bente, 1. R MeCabe ind R E.
Ambrose. 1995, Nesting by golden eagles on the North
Slope of the Brooks Range in northeastern Alaska, Journal
of Field Omithology 66(3):373-379,



54 BIOLOGICAL SCIENCE REPORT USGS/BRD 2002-0001

Section 7: Muskoxen

Patricia E. Reynolds, Kenneth J. Wilson, and David R,
Klein

Dynamics and Range Expansion of a
Reestablished Muskox Population

Muskoxen (Ovibos moschatus) disappeared from
Alaska in the late 1800s, but returned 10 the Arctic
National Wildlife Refuge when animals were
reestablished into areas of former range in 1969-1970
(Klein 1988). Released at Barter Island {(Kaktovik) and
the Kavik River, muskoxen initialty 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 oceupied
(Reynolds 1998a).

Petroleum exploration and development could oceur in
muskex 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 determined if
changes resulting from natural processes are to be
separated from those that might result if industria)
development is permitted in the Arctic Refuge.

We developed a study with the following objectives to
snderstand the dynamics of the muskox population in and
near the 1002 Arca of the Arctic Refuge: 1) determine
abundance and rates of population increase, production,
and survival; 2) document changes in population
distribution over tinie: and 3) evaluate factors associated
with changes in the number of muskoxen.

Numbers of muskoxen seen during annual censuses in
1982-2001, combined with data from earlier studies, were
used to estimate animal abundance and population trends
of muskoxen in the 1002 Area (regions first occupicd)
and adjacent areas to the east and west (regions occupicd
later) (Reynolds 1998a). Rates of successful calf
produciion (defined as cabves: 100 females 2 years old
present in late June}, sarvival of calves and yearlings, and
long term reproduciion patterns by marked female
muskoxen were determined from annual sex and age
composition counts made from the ground in 1983-2001.

Radio-collared adult muskoxen were relocated 6
tmes/year from 1982 to 1994 10 determine seasonal and
annual variabitity in population distribution and to
document adull mortalities. Locations were determined
from the air with a globat positioning system (GPS) or
were plotted on 1:63,360-scake maps. The adaptive-kernel
technique within the computer program CALHOMIE (Kie
et al. 1996) was used to defineate the size and locations of
regions used by mixed-sex groups of muskoxen in 1969-
1981, 1982-1985, 1986-1989, and 1990-1993, Core areas
of use (70% adaptive-kerne! contour) and roral range

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

Locations of muskoxen scen during seasonal muskox
surveys in the Arctic Refuge, as weil as locations of
mixed-sex groups seen during other studies, were used to
document the continued expansion of the population
distribution from 1994-2003. Reconstrucied models of the
population estimating maximum 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 poputation of
muskoxen grew slowly for a few years and then increased
rapidly for more than a decade (Reynolds 1998a).
Between 1977 and 1981, the population grew at r = 0.24,
a rate approaching maximum growth. In 1986, 368
muskoxen were counted in the 1002 Area, but after 1986,
numbers of muskoxen declined (Fig.7.1). The rate of
increase slowed to 0.14 in 1982-1986 and to <0.00 in
[987-1995.

The rate of population growth {r = 0.14) in 1972-1996
{Reynolds 1998a) was similar to rates recorded for other
expanding populations of muskoxen in Alaska and
Canada (Spencer and Lensink 1970, Gunn et al. 1991).
An introduced population of muskexen in Greenland was
still irrupting 25 years after release, but those animals
were in an area of abundant high-quatity forage with no
predation and low snowfall (Olesen 1993),

In 1996-2001, numbers of muskoxen counted in the
1002 Area ranged from 168 10 212 (P. E. Reynoelds, U.S.
Fish and Wildlife Service, unpublished data) and indicate
that muskox abundance is still declining stowly (Fig. 7.1).

Factors affecting changes in the number of muskoxen
in the 1002 Area of the Arctic Refuge included changes in
rates of successful reproduction and survival as well ns
changes in animal distribution.

Calf production was the only source of increase in this
reestablished poputation; a lack of adjacent populations
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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, 1882-2001
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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
accupiced habitats. In the 102 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 1030% reproduciien 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
began to slow, calf produciion in the 1802 Area averaged
61 calves: 100 females »>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 calves
(<5 calves per 100 females >2 years ofd) were seen.
Because calves were counted several weeks after birth,
we could not determine if changes in the preduction of
muskox calves were due to lower fecundity or increased
neonatal mortalities.

Reproductive patterns of radio-collared females in the
1002 Areca showed similar trends, Mean reproductive
intervals {number of years between successful
reproductive events in a 3-year period) increased
significantly {r* = 0.95, n = 6, = 0.0009) between 1982
and [999. By 1991-1993, most marked females
suceessfully reproduced at intervals of 2 to 3 years, rather
than every year {Reynolds 2001). Percentages of marked
females without calves for 3 or more consecutive years
were 0% in 1982-1087, 15% in 1988-1990, and 25% in
1994-1996 {Reynelds 2001}, In sununer, body weights of
8 lactating muskoxen (mean = 223 kg, range = 188-254
kg) were not different (£ = 2.2, df = 10, P =0.167) from §
nen-lactating {emales (mean = 196 kg, range = 136-254
kg) and were simibar to weights of female muskoxen in
other wild and captive populations (Reynolds and
Reynolds 1999).

35

Unlike calf production, which declined in 1983-1995
(= 0.75, P < 0.001), calf and yearling survival did not
decline over time {calf survival: 7 =0.01, P =0.71;
yearling survival: # = 6.01, P = (.82}, Annual variability
tn young animal survival followed the same annual trends
as calf production and was related to snow depth and the
length of the snow season (Reynolds 1998a).

Between 1983 and 1999 the percentages of radio-
collared muskoxen dying each year were variable but
showed an increased trend (Reynolds 1899). Sources of
mortality included Kills by predators, including humans.

Legal hunting of muskoxen in the Arctic Refuge began
in 1982, Over time, the number of permits issued each
year increased from 5 males enly to 12 males and 3
females. The secason was expanded from 2 to 8.5 months.
An average of 7 muskoxen was killed in 1985-1989
compared with an average of 1¢in 1995-1999. About 3%
of the muskoex 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 grizzly bears
(Ursus arcros) in and near the Arctic Refuge increased
significantly between 1986 and 2001 (8 = 0.504, df = 18,
P < 0.001) (Fig. 7. 3). Known kills of muskoxen by
grizzly bears ranged from 0-2 deaths per year before
1993, 1-4 deaths per year in 1993-1996, and 5-10 deaths
per year in 1997-2001 (Reynolds et al. 2002).

Forty-seven deaths of adule or sub-adult muskoxen
from known grizzly bear predation occurred between
1982-200H. Of these, 28 muskoxen died during 10
incidents of multiple kills in which bears killed more than
one muskex from a group. Most of these kills (79%) took
place between May 1998 and June 2001 (Reynolds et al
2002).

Grizzly bears likely also killed muskox calves and
caused other mostalities of young calves that were
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Figure 7.2. Changes in rates of successful production of muskox
calves in the regions firsl occupied after reintreduction - the 1002
Area, Arclic Nalional Wildiife Reluge, Alaska, 1983-2001. Succassiu
calf production was measured by counting the number of calves per
100 females >2 years of age in late June.
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deserted during predation evenis. Multiple kills of calves
were observed in Canada (Clarkson and Liepins 1993).
The increase in kills by grizzly bears suggests that
predation may have been one factor that resulted in very
low numbers of calves in late June of 2000 and 2001,
Deep snow and a prolenged winter season in 2000 and
2001 also likely contributed to the low numbers of catves
seen in those years and may have exacerbated the number
of predation events {Reynolds ct al, 2002).

Shifts in distribution and emigration alse affected
numbers of muskoxen in the 1002 Area of the Arctic
Refuge. Following their release in 1969 and 1970, maost
muskoxen became associated with 1 of 3 mixed-sex
groups in 3 regions of the Arctic Refuge. The regions first
occupied were lecated between the Canning and Aichilik
Rivers within the boundaries of the 1002 Area (Fig. 7.4a)
(Reynolds 19984). After 1986, muskoxen in mixed-sex
groups colonized new regions cast and west of the 1002
Area (Fig. 7.4¢,d) (Reynolds 19984).

In 1995, about 800 muskoxen were counted in the
entire range of the population (Table 7.1}, which had
expanded westward to the Itkilik River, Alaska, and
castward to the Babbage River in northern Yukon
Territory, Canada (Reynolds 19984), [n 1998-2001,
mixed-sex groups of muskoxen continved to expand their
range west to the Colville River, southwest along the
Sapgavanirktok River, and south and east of the Babbage
River in northwestérn Canada. During these years, <700
muskoxen were counted throughout the total range of the
population (Table 7.1) (P. E. Reynolds, U.S. Fish and
Wildlife Service, unpublished data, E. A. Lenart, Alaska
Department of Fish and Game, unpublished data, and D.
A. Cooley, Yukon Renewable Resources, unpublished
data).

Differences between the observed and predicted
abundunce in the 1002 Area, based on reconstructed
population projections, suggest that changes in muskox
calf production and animal survival caused most of the
deciine in the rate of population growih (Reynolds 1999).
Density dependent factors as well as annual variability in
snowfall and increasing rates of predation all likely
influenced observed changes in calf production and
animal survival,

Emigration of mixed-sex groups of muskoxen also
reduced the number of muskoxen in the 1002 Area
{Reynolds 19984, 19993, In 2000 and 2001, the additional
emigration of mixed-sex groups comaining marked
amimals and the fow rates of successful calf production
(<5 calves per 100 females > 2 years old) contributed o
the declming trend in nunmbers of muskoxen in the {002
Aren (P I Reynolds, U.S. Fish and Wildlife Service,
unpublished data).

Altheugh muskoxen are continuing to expand into
their former range in northern Alaska and northwestern
Canada, numbers of muskoxen in the 1002 Area are not

likely to increase from their present level of <250 animals
in the near future,

If exploration and exiracticn of petroleum resources
are permitted in the Arctic Refuge coastal plain,
associated industrial activities could further reduce the
number of muskoxen in the 1002 Area cither through
induced dispersal or decreased preductivity and survival.
Muskoxen are year-round residents of the 1002 area,
which keightens their vulnerability. In addition, their
small numbers make it less fikely that the muskoxen can
recover from perturbations.

Status and distribution of muskoxen in and near the
1002 Area should continue to be monitored to document
future trends.

Seasonal Strategles of Muskoxen: Distribution,
Habltats, and Actlvity Patterns

Seasonal shifis in distribution, habitat use, and activity
are means by which animals maximize energy intake and
aveid conditions that risk their survival. The muskox is an
energetically conservative species (Klein 1992) and its
seasonal habitat use and energy budgets influence its
reproduction and survival {White ct 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 residents of the coastal plain of the
Arclic Refuge, muskoxen are vulnerable to human
activities in both winater and summer. Information &s
needed about their seasonal patterns of distribution and
activity to evaluate and minimize potential effects
associated with oil and gas exploration and development
propased for the Arctic Refuge’s 1002 Area.

Our study to determine seasonal patterns of muskoxen
on the coastal plain of the Arctic Refuge had the
following objectives: 1) compare distribution and habitat
use of muskoxen in different seasons, and 23 determine
seascnal movements and activity patterns of muskoxen.

In the Arctic Refuge, snow is present from 8-9 months
each year (September - May). Five scasons were defined
for muskoxen based on ecological and biological
conditions; cafving {fate March to mid-June), summer
(late June to mid-September), early winter (late
September to mid-November), mid-winter (late November
to mid-January), and Jafe winter {late Innuary to mid-
March).

To identify population distribution in different
seasons, 19-23 radio-collared muskoxen were monitored
and 4 to 6 radio-relocation surveys were flown each year
from 1982 to [995. Locations of groups of muskoxen,
both marked and unmarked, were determined using a
global positioning system of were plotted on 1:63,360
scale maps.
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Table 7.1. Number of muskoxen sesn in different regions in northeaslem Alaska, USA, and norlhwestern Canada in 1982-2000 during pre-
calving surveys. GMU 268 and 26C are State of Alaska game management unils. The muskox population originaled from animals released
adjacent lo the Arctic National Wildlife Refuge, Alaska, in 1969 and 1970. The muskoxen began lo disperse inlo new regions easl and west of

the Arctic Refuge by 1386 (Reynolds 1998a).

Wast of the Arclic 1002 Area in the Arclic

East of tho Arctic

Refugae:; Ikillik River to Refuge: All Arctic Reluge: Refuge in nonhem Arclic Refuge
Canning River (GMU Canning River to Canning River to Canada  Yukon Termitory, + wast + aast

Year 26R)8 Alchlik River? {GMU 26C) Canada®

1982 218 219 219

1986 g 386 389 23 431

1990 122 273 332 4 495

1995 330 228 321 146 797

1998 207 213 In 118 654

2000 277 189 246 148 672

& dala source: E. A. Lenart, Alaska Deparimen! of Fish and Gam

8, Fairbanks, Alaska, USA

b regions first oceupled; numbers inctuded in Arctic Reluge numbers

¢ dala source: D. Cooley, Depariment of Aenswable Resources,

Seasonal distribution and movement rates were
determined from 15 female muskoxen fitted with sarellire
collars (ultra-high frequency platform transmitter
terminals that were relocated by satellite} (Reynolds
1989). Three to 5 animals carrying satellite collars were
menitored yearly from October 1986 through March
1992, These collars transmitted information about animal
location and activity every second or third day for 6 hr/
day (Reynolds 19980},

Seasonal distribution of the population and seasonal
home ranges of satetlite-collared muskoxen were’
delincated with an adaptive-kernel technique and the
program CALHOME (Kie et al. 1996). Seasonal
differences in population distribution were compared as
the overlap of core areas (70% contour), distunces
between core-area centers, and core-area sizes.

Mean movement rates (kmfday) for each scason and
each month were cafculated from distances moved by
satellite-collared muskoxen. Distances were calculated
hetween consecutive locations at 40-55 hrintervals. Mean
activity indices for each season and each month were
derived. Activity counts fromn 5 satellite-collared
muskoxen with >10 days of activity counts per month
were used to estimate mean activity (Reynolds 1998h).

Land-cover and terrain types, extracted from a land-
cover nxip derived from Landsat-Thematic Mapper data
{Jorgeason et gl, 1994), were used to determine seasonal
differences in habital use at a landscape scale, Selection
ratios of 6 land-coever classes and 3 terrain types were
based on proportions present in core areas (habitats used)
divided by proportions in the entire study area (habitats
availabie) (Reynolds 19985).

The average size of core areas used by muskoxen
carrying satellite collurs was significantly larger (P <
0.03) in summer (223 km?) than in calving season or the 3
winter seasons {27-70 km?) (Reynolds 19988). The size of

Yukan Territories, Canada

core areas was highly

variable in sumnier, but means

differed by almost an order of magnitude between
summer and other seasons. The minimum size of core

arcas used 10 summer

was >4 times Lurger than minimum

core areas eccupied in winter or calving.
Muskoxen were conservative in their daily movements

throughout the year. h

Tost {(95%, n = 2314) movements

made by satellite-collared muskoxen were <5 kin/day
{Reynolds 1998b). Of these, 46% were <I knt/day.

Moderate movements

of 5-10 km/day took place primarily

between June and September (77 of 108). Only 1 (<1%)
moderate movement of 53-10 knv/day was recorded
between January and April. Movement rates >10 km/day,

resulting in relatively
16 {(89%) movements

long moves, were rare (18 of 2314);
>10 km/day occurred in July.

Mean daily movements in summer (2.6 knv/day) were
greates {F < 0.05) than in other seasons (1.1-1.4 knm/day)
{Reynolds 19986). Mean rates of movement were
sigrificantly higher (P < 0.05} in July than in other

months (Fig. 7.5). Act

ivity counts/minute from satellite-
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Figure 7.5. Seasonal changes in rales of movement and activity

counts of satellite-collared
National Wildlife Refuge, Al

{female muskoxen in and near the Arctic
laska, 1986-1992. (from Reynolds 19985
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collared muskoxen were also greater in summer (P <
0.001) than in other seasons. Activity counts differed
among months (F = 0.001) and were highest in fuly and
fowest in April during the onset of the calving season.

Seasonal home ranges occupied by females with
satellite-collars oveclapped less (P = 0.01) between
calving and summer than between early winter and mid-
winter and between mid-winter and late winter (Reynolds
19984). This reflected the sedentary nature and smali
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 little change
between seasons.

At a landscape scale, muskoxen used riparian cover
along river corridors, floodplains, and foethilis in all
scasons. Moist sedge was selected in late winter and
calving: wssock tundra was avolded in ke winter. Wet
sedge was used in proportion 1o availability in summer

54

and earty winter but avoided in other seasons. Upland
shrub was sclected only doring the calving season and
aveided in other seasons. Bare cover (including bare
ground, water, and ice) was selected in all seasons except
spring. Mountain terrain was avoided in all seasons
(Reynolds 19985),

Ground-based studies (Wilson 1992) provided more
information at regional and local scales (see next
subsection on winter habitat use). Locations of mixed-sex
groups of muskoxen during summer and winter surveys
demonstrated the importance of river corridors and
adjacent uplands to this populatien (Fig. 7.6).

The small scasonal shafis in distribmion and low
movenient rates observed in this study confirmed that
muskexen are energeticaliy conservative throughout the
year (Jingfors 1980, Thiag et al. 1987} and that they have
a high fidelity 1o geographic regions. Seasonal changes in
mavements, activity, and habitat use were related to

£ 1002 Area

Beaufort Sea

Kilometers

Figure 7.6. Locations of mixed-sex groups of muskoxen seen during winter and summer surveys in the Arclic National Wildlife Refuge, Alaska,

USA, 1982-1938.
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availability of forage and the energy budgets of
muskoxen.

In winter, snow imits forage avaitability and habitat
selection (Jingfors 1980). In late winter, muskoxen
selected feeding sites with soft shallow snow
(Biddtecomb 1992, Wilson 1992). These sites were
frequently narrow windblown bluffs adjacent to rivers
where snow accumulation was low (Nellemann and
Reynolds 1997), By mid- to late winter, riparian willows
and wet-sedge communities may be unavaifable to
muskoxen as snow depths increase (Wilson 1992, Evang
et al. 1989).

Winter forage of muskoxen is of low quality {Stagland
and Olesen 1992). Graminoids were a dominant
component of the late winter diet of muskoxen in
northeastern Alaska (O'Brien 1988, Biddlecomb 1992,
Wilson 1992). Muskoxen, however, can digest low quality
graminoids efficiently and may have a fasting metabolic
rate lower than other ruminants (Adamczewski et al.
1994, Lawler 20041). In winter, muskoxen conserve energy
by reducing movements and activity, decreasing the size
of use areas, and concentrating in a few habitats where
forape is not covered with deep snow.

Unlike caribou that calve in carly June when nuiritious
vegetation is emerging, most muskoxen give birth severat
weeks before high quality green forage is availabie. In
Alaska, Dall’s sheep (Ovis dafiiy (Rachtow and Bowyer
1994) and moose (Alces alees) (Bowyer et al, 1998) have
similar calving strategies to muskoxen. To reproduce
successfully, female muskoxen must be in good body
condition at calving time te fuel the high cost of lactation.
Their energy-conserving strategy of restricting
movements and activity and selecting habitats with Jow
snowcover allows female muskoxen to maintain body
condition throughout the winter and spring (Thing et al.
1987).

Most muskoxen in the Arctic Refuge give birth in
April and May and lactate under conditions of poor
quality forsge and harsh weather, Their increased use of
foothill terrain and upland shrub during the ealving
season reflected shifts inte areas where snowcover was
shallow or blown free and their energetic costs of
foraging were lower. Muskoxen with young calves also
may avoid flooded riparian areas during calving and post-
calving periods. Movement rates of muskoxen carrying
satellite collars reached a yearly low in April at the onset
of the calving season.

During the snow-free summer when food quality and
quantity are high, muskoxen increase their movement and
activity, occupy larger arcas, and use diverse habiiats as
they forage on a variety of high-quality vegetation (Robus
1981, O'Brien 1988} They track the chunging plant
phenology in local areas 1o obtain high quality forage and
rapidly regain body weight lost during winter, pregnancy,
and early factation. Muskosen that fail to regain body

weight are less likely 10 breed or successfully reproduce
{White et al. 1997) and are less likely 10 survive a severe
winter,

In our study we found that movemient rates and
activity increased in June as plants began to Ieaf out and
were highest in July as live plant biomass peaked (Chapin
1983). Movement rates and activity of muskoxen carrying
satellite-collars began to decline in August as plant
senescence and nut oceurred (Reynolds 19988).

Seasonal strategies that emphasize energy intake in
summer and energy conservation in winter, combined
with physical adaptations for cold weather and the ability
to process fow quality forage, permit muskoxen to survive
year-round in locations seasonally avoided by most other
animals. Muskoxen are present during all seasons in the
potential oil expleration and development area of the
Arctic Refuge,

This siudy did net quantify the effects of petroleum
development on muskoxen. But human activities that
increase energetic costs to muskexen in winter or
decrease foraging oppoertunities in summer have the
greatest probability to affect the muskox population,
Riparian habitats frequently used by muskoxen are also
likely to be used as sites for gravel and water extraction
and winter road construction if exploration and
development of petrolenm resources occur on the coastal
plain of the Arctic Refuge.

Exploratory and construction activities in northern
Alaska often take place in winter. Muskoxen are
particularty vulnerable to disturbance in winter because of
limited habitat, the length of the arctic winter, and their
need to canserve energy 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 ofter are more casily disturbed
than small groups because large groups contain more
individvals responsive to perturbations,

Effects of human activities on muskoxen are likely
related to the scale of the activity and the availability of
alternate habitats that can be used if animals are
displaced. Muskoxen that expanded westward from the
Arctic Refuge use the wide Sagavanirktok River valley in
summer despite the presence of the Dalton Highway and
the trans-Alaska oil pipeline. Habitats available to
muskoxen in the Arctic Refuge, howeves, are
geographically constricted: The coastal plain is narrower
because the mountains of the Brooks Range are closer to
the Beanfort Sea (Fig. 1.1},

If undisworbed, muskexen generally stay in relatively
sirll areas throughout the winter, Avoidance by industry
of these areas used by muskoxen could reduce the
probability of disturbance and displacement of muskoxen.
Minimizing human activities in areas oceupied by
muskoxen Jrom mid-winter through the calving season
could reduce ihe likelihood of disturbance during the
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period when energy conservation is critical to survival,
Locating permanent facilities away from river corridors,
flood plains, and adjacent uplands could also help to
reduce potential effects of industrial development on
muskoxen.

Winter Habitat Use by Muskoxen: Spatial Scales
of Resource Selection

During the snow season, which lasts up to & months in
the Arctic Refuge, muskoxen remain in small areas,
restricted by the availability of forage and by strategics
needed to conserve energy (Reynolds 19985). Human
disturbance or destruction of their habitat could displace
muskoxen from these limited wintering areas.

To determine what Kinds of sites are used by
muskoxen in late-winter and why these sites are selected,
we sct the following research objectives: 1) detenine
selection of vegetation types based on use and
avaitability, and 2) compare snow depth and hardness,
vegetation biomass, and environmental variables at
feeding and non-feeding sites. Our study sites were
tocated in the castern half of the Arctic Refuge coastal
plain and 1002 Area, between the Jugo River und the
Kengakut River.

Fieldwork was conducted in March, April, and July
1989-1990 at 44 late-winter foraging sites used by
muskoxen. These sites included feeding zones (with
feeding microsites or craters), non-used adjacent zones
{contiguous to the feeding zone), and non-used
nonadjacent zones (160 1 beyond the adjacent zone). At
each foraging site, a randomly-oriented transect wak laid
across the site, passing throvgh the center of the feeding
zone and defining unused zones.

Foraging sites were located from abservations and
racks of muskox groups in March and April. Fecal pellets
were collected for diet selection analysis. Winter foraging
sites were relocated the fellowing July when vegetation
and environmental characteristics along transects were
measured (Wilson 1992). Snow conditions, environmental
characteristics, forage cover, and non-vegetated cover
were included in an analysis of variables related to habitat
selection.

In late winter, muskoxen fed most commonly in moist
sedge tundra (37%) and wssock sedge wodra (376%) and
used these types in proportion {o availability, Dryas
terrace {9), riparian grass forb gravel bars (7%, wet
sedge (3%), partially vegetated tundra (2%, and shrub
tundriz (26) were selected less frequently than their
availability. Muskoxen were not observed feeding in
riparian shrub, Dryas ridge, barren ground, or water
{(Wilson 1992),

Totul vegetation cover was greater in feeding zones
than in unuscd adjucent and non-adjacent zones. Cover of
evergreen shrubs, sedges, and dead vegetation was greater

in feeding zones. Non-vegetative cover was greater in
adjacent and nonadjacent zones {Wilson 1992).

Dicet selection based on fecat analysis of winter pellets
{corrected for digestibility) indicated a high use of sedges
(39.1%) and mosses {24.6%) (Wilson 1992). Sedges and
prasses were selected (use > availability); and horsetails,
lichens, willows, and ether shrubs were avoided (use <
availability). Although selection for grasses was high,
grasses did not make up a large proportion of the diet or
the available habitat.

Analysis of rumen samples indicated that sedges
(3158}, grasses {19%), mosses (159%), and forbs (13%)
comprised most of the diet. The proportion of willows
was 89 in rumen sarples. In other studies, riparian
willows were used by muskoxen in late winter (O'Brien
1998, Robus 1991). During our study, however, snow
fimited the use of most riparian shrub communities.
Willows were browsed in areas where they protruded
through the snow (Wilson 1992).

Snow depth was shallower and softer in feeding zones
than it nonadjacent zones, and shallower in feeding zones
than in adjzeent zones (Fig. 7.7). Snow depth and
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Figure 7.7. Snow depth {cm) in muskox feeding zones {areas
containing feeding sites), adjacen! 2ones {unused areas adjacenl o
and surrounding feeding zones) and nonadjacent zones (unused areas
100 meters beyond adjacent zones) in fate winter 1988 {n = 20) and
1990 {7 = 24) on Ihe coastal plain of lhe Arctic National Wildlife
Refuge, Ataska, USA. (from Wilson 1992)
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hardness were fess in microsites than in unused postions
of feeding sites. Snow depth was the single vanable most
influential in discriminating between used and non-used
areas. Muskoxen also appeared 10 avoid walking threugh
areas of soft deep snow. Most feeding zones were near
some type of topographic relief that had been subjected 10
wind scarring. Snow depth was shatlower in feeding
zonpes of fussock sedge tendra and moist sedge tindra,
suggesting that within vegetation types, muskoxen chase
feeding zones based on snow depth atone, No differences
were detected between feeding zones and adjacent and
nonadjacent zones in welness, slope, micro-relief, or
aspect (Wilson 1992).

Snow depth in feeding zones was deeper in 1989 than
in 1990 (34.5 cm versus 23.0 cm, respectively), and total
vegetation cover was greater in 1990 than in 1989
(Wilson 1992}, In §990, forb cover was greater in feeding
zones compared with a greater cover of sedges and non-
vegetative material in 1989 feeding zones. Muskoxen did
not select for areas of high total vegetative cover in 1989,
indicating that detection of vegetation characteristics may
require shallow snow cover. In 1989, mean crater depths
(29.7 ¢m) and mean feeding zone depths (34.5 cm)
approached or exceeded the maximum spow depths in
feeding arcas (>30 cm) observed in other muskox studies
(Rapota 1984, Smith 1934).

Partiatly vegetaled tundra and Dryas terraces had the
shallowest 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 vegetion,
moist sedge tundra had the least. Muskoxen selected
feeding zones with shallower snow and greater vegetation
cover compared with what was 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, Arcas with little
vegetation or deep hard-piacked snow were not used. In
this study, feeding zones were prinarily along narrow
bands of windblown vegetated biuffs adjacent {o crecks,
rivers, and the coastline, reflecting the importance of
terrain features (o habitat selection {(Nellemasnn and
Reynolds 1997).

Snow depth was one of the most important variables
distingaishing used and unused area in this study of
muskox habitat {(Wilson 1992), Snow depth influences the
availability of forage and can fimit accessibility to some
forage types (Evans et al. 1989), Snow depllr affects
energy budgets. Dipging through snow 10 find forage is
energetically costly for ungulates (Fancy 1986). The time
lost while digging craters also reduces the daily rite of
forage intuke (Fleischman 1988).

o high snow years, when some habitats are not
available and muskoxen spend more erergy moving and
foraging, muskoxen may be energetically constrained,
resulting in lower survival and Jess successful

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

If muskoxen are 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 optitmally
use available habitats, the effects of a severe winter tikely
will be magnified.

Activities associated with the extraction of petroleum
resources on the coastal plain of the Arclic Refuge have
the potential to displace muskoxen into areas of deeper
snow where forage availability is low and energetic costs
10 procure food are high, Displacement from, or '
permanent loss of, limited winter habitat could affect
reproductive success and survival of muskoxen on the
coastad plain of the Arctic Refuge.

To minimize poteatial effects of petroleum expleration
and development on muskoxen in the Arctic Refuge, areas
oceupied by muskoxen in wiater should be avoided; und
areas of potentiab winter habitat shonid not be selected as
sites for permanent facilities.

Summary

Muskoxen are year-round residents of the 1002 Area
on the coastal plain of Arctic National Wildlife Refuge.
Numbers of muskoxen in the Refuge have dectined over
time with <300 currently living on the coastal plain
inciuding <250 in the 1002 Area. Calf production has also
declined over time.

Severe winters (deep snow and prolong snow seasons)
and increasing rates of predation are impostant factors in
the dynamics of this population. Muskoxen have
expanded their range cast and west of the Arctic Refuge
coastal plain and emigration has contributed to declining
numbers.

Most calves are born in April and May, several weeks
before green forage is available. To survive the long
months of winter and to maintain body reserves needed
for successful reproduction, muskoxen conserve cnergy in
winter by reducing activity and movements, In winter,
muskoxen feed on dried sedges and other low quality
forage in areas of low snow, Windblown ridges adjacent
10 rivers are frequently used in winter. During the shont
weeks of summer, when green forage 15 available,
muskoxen increase their movements and activity and feed
on a variety of high quality forage to regain body weight
before the next winter, River corridors and nearby
upiands are often used by muskoxen in summer.

Muskoxen in the Arelic Refuge are vulnerable o
disturbance from aetivities associated wish petroleum
exploration and exiraction becavse of heir year-round
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residency, their small pepulation numbers and their need
to conserve energy for the 9 months of winter if they are
to successfully reproduce.

Disturbances that displace muskoxen from preferred
winter habitals into arcas of deeper snow or that increase
their activity and movements could significantly increase
their energetic costs in winter, Fenuile muskoxen thal are
required to expend greater energy to survive the winter
will have fewer reserves for pregnancy and lactation and
may not reproduce successfully. Muskoxen frequently use
habitats along or adjacent to rivers. These locations may
be sites for gravel and water extraction and winter road
construction if petroleum development is permitted in the
Arctic Refuge.

Avoidance by industry of areas used by muskoxen and
the location of permanent facilities away from river .
corridors, flood plains, and adjacent uplands could reduce
the probability of disturbance and displacement of
muskoxen. Status and distribution of mvskoxen in and
near the 1002 Area should be monitored to document
future trends.
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Section 8: Polar Bears

Steven C. Amstrup

Movements and Population Dynamics of Polar
Bears

Polar bears (Ursus maritimus) are hunted throughout
most of their range, In addition 1o hunting, polar bears of
the Beaufort Sea region are exposed to minerat and
petroleum extraction and refated human activitics such as
shipping, road-building, and seismic testing (Stirling
1990).

Litle 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 {(Amstrup 1986, Amstrup et al. 1986,
Amstrup and DeMaster 1988, Garner et al, 1994, Amsinup
1995, Amstrup et al. 1995, Amstrup 20003,

As human populations increase and demands for polar
bears and other arctic resources escalae, managers must
know the sizes and distributions of the polar bear
populations, Resource managers also need reljable
estimates of breeding rates, reproductive intervals, litter
sizes, and survival of young and aduls.

Our objectives for this research were 1) to determine
the seasonal and annval movements of polar bears in the
Beaufort Sea, 2) to define the boundaries of the
Popuiation(s) using this region, 3} to determine the size
and status of the Beaufort Sea polar bear poputation, and
1) to establish reproduction and survival rates {Amstrup
2004).

One-hundred-fifty-three satellite radio collars {PTTs),
fitted to 106 adult female polar bears in the Beaufort Sea,
were relocated 37,277 times between 1985 and 1993
(Amstrup 1995, Amstrup 2000, Amstrup et al, 2000).
Polar bears were observed to move more than 4 kmv/hr for
extended periods, but mean hourly rates of movement
varied front 0.30-0.96 knv/hr, Females with cubs had
lower hourly rates of movement than females with
yearlings and those (single females) without young.

Movement rates varied significantly among months:
they generally were lowest in spring and late summer and
highest in early winter (Amstrup 1995, Amstrup et al.
2000). Geographic digplacements from the beginuning 10
the end of each month were smaller for females with cubs
of the year than for single females, and larger in
November than in April.

In May, June, July, and August, radio-collared bears
shifted locations to the north. Collared bears moved back
to the south in October. Mean total distances moved each
month ranged from 186-492 km. Totat movements in
December were Jarger than those measured in April, May,
July, August, and Seplember, and total monthiy

movements of females with cubs were lower than single
females.

Total annual movements ranged from 1,454-6,203 km.
Bears that spent part of the year in dens moved less than
others, but non-denning classes of bears did not differ in
totat annual movement (Amstrup 1995, Amstrup et al.
2000).

Femates with cubs were generally the most active
group, and single females the feast active, Highest and
lowest levels of activity were recorded in June and
September, but there also was a sirong activity peak in
carly winter. Activity levels were fowest in the early
morning and higher from mid-day through late evening.

Beaufort Sea polar bears kept their movements within
boundaries outside of which they seldom ventured.
Annual activity areas ranged from 12,730 km® to 596,800
km®. Monthly activity areas ranged from z mean of 344
km? for females with cubs in April to 11,926 ki’ for
females with yearlings in December (Amstrup 1995,
Amstrup et al, 2000).

Bears from the Beaufort Sea population occupied an
area extending up to 300 km offshore, from Cape
Bathurst in Canada to Pt. Hope, Alaska, and enclosing
939,153 km?® (Amstrup et al. 1986, Gamer et al. 1994,
Amstrup 2000).

Animals origisally captured along the Beaufort Sea
coast spent approximately 25% of their time in the
northeastern Chukchi Sea, but animals captured in the
Chukehi Sea ventured into the Beaufort Sea only 6% of
the time. With few exceptions (Dumer and Amstrup 1995)
bears captured in the Beaufort Sea were fajthful to
summer activily areas in the central portion of the
Beaufort Sea (Amstsup et al. 1986, Amstrup 1995,
Amsteup etal. 1995, Amstrup et al. 2000), Although any
bear canght in this region could be relocated anywhere
clse in the region, individual bears appeared faithful to
general geographic regions (Fig. 8.1). Recent analyses of
patterns in seasonal fidelity of polar bears (Bethke et al.
1996} suggested that 3 separate populations or stocks
could be distinguished,

These 3 relatively discrete siocks overlap to & greater
or lesser extent within Alaska waters (S. C. Amstrup, 11.S,
Geological Survey, unpublished data). Therefore, it is no
longer reasonable to refer to only 1 group of polar bears
(Amstrup 1995, Amstrup 2000} oceupying this region
(Amstrup et al, 2001), Although these groups are not
distinguishable genetically (Pactkan et al. 1999, they are
distinet enougl te mandate managentent recognition,

Two groups, the Chukehi Sea and the Southern
Beaufort Sea populations, share the mainland coastal
areas of Alaska in the greatest numbers (Amstrup et al,
2001). Recognition of these stocks helps to explain some
of the movement patterns previously observed, These 2
groups supply most of the harvest of polar bears that



66 BIOLOGICAL SCIENCE REPORT USGS/BRD 2002-0001
/ / “ \
,f"; \]I'\ \‘\
{ ! k!
/ \
r'.r \\
;‘j / \\l 4 Canad‘a
/ | Y n=240
/ ]l'. \\\ ©)
.r')ll Hl,] I\"
,-"'f Lonely gg 5-17{55 i ) L
/ Wainwright [ n = 2226 35 _!ﬁ RN \\ “\ T
/' n=1079 (43) R 77 Tuktoyaktuk —-
/ (26)%/ HEHERE 3 SEAT] ) n=2e5 O\ M
0 BT BRI | O P

bt am | 25 3 BN | 2SI ‘"”“\
1 ARENNE . Barter Island | 40i-]- |54
32 } | n=2551 géljﬁ I
20 - 1 (28) LKA %0 RN

T n>

0 200 400

Figure 8.1. Numbers and relocation pesitions of satetite radio-colfared polar bears (# of individuals) captured in each of 8 fongitudinal
zones within the Beauforl Sea. Hislograms illustrate proporlions of those relocations made in each zone. For example, 32% of the 2,226
relocalions of bears originally captured in the Lonely zone were recorded in the Barter Isfand zone, Alaska; 47% of the 1,079 relocations
of bears captured in the Wainwright zane, Alaska, were recorded in the Chukchi zone.

occurs in Alaska and much of the harvest along the
mainiand coast of northwestern Canada,

Data were analyzed for 589 captures of 534 bears
between [967-1974 (a period of hypothesized over-
harvest) and for 1,087 captures of 789 bears obtained
between 19811992 (a period when the population should
have recovered from over-harvest). Population growth
throughout the intervening years was also examined
(Amstrup 1995, Amstrup et al. 2001).

Amstrup et ak. (2001) and McDonald and Amstrup
(2001} suggested that the number of polar bears in the
Southern Beaufort Sea population grew at more than 3%
per year between 1967 and 1998, reaching an estimated
population that could be as high as 2,300 animals.

Although contact with hydrocarbons can have serious
ramifications for pelar bears {Amstrup et al. 1989), the
polar bear's apparent rapid populatiom growth has
spanned the entire history of petroleuwm development in
arctic Alaska (Amstrup 2000, Amstrup et al. 2001,
McDonald and Amstrup 2001), This suggests that
managed resource development can be compalible with
healthy polar bear populations. Also encouraging is the

new ability 1o estimate potential impacts that o1l spills
may have on polar bears. That ability has major
ramifications for assessing risks of a variety of potential
develepments (Durner et al. 20015).

Both leng and short-tern trends in condition of
individual animals were observed during this study.
Condition of adult females, as refiected by total mass,
showed significant seasonal trends (Durner and Amstrup
1996). Despite seasonal fluctuations, longer-term trends
alsg were suggested. Trends in recruitment and survival
rates (in the 1970s compared with those from 1980
through 1992) suggested an inverse compensitory
relationship between tal population size and recruitient
of subaduits, Population size alone explained 33% of the
variation in proportions of 2- and 3-year-olds in annual
samples (Amstrup 1993). Large populations of the latier
part of the study appeared 1o recruit proportionately fewer

Juveniles, and smalier populations of the early part of the
study recruited higher proportions of juveniles.

Condition of single adult females and those with cubs,
as reflected in measurements of axiad girth, appeared to
decline sipnificantly as the population grew. Population
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size alone explained 75% of the variation in axial girth of
repreductive 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, litters of more than one
yearling were more frequent when the population was
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 carly and late periods
were suggestive of change, but not significantly different
(Amstrup 1995). The age structure of the small population
was younger than that of the larger population of later
years.

Survival of adults, as calculated from life tables, was
higher and survival of young lower when the population
was large. Survival rates of adult Beaufort Sca 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
Durner 1993). Survival of cubs ranged between (0,610 and
0,675, while that of yearlings was 0.751-0.903.

In this study hunting explained 85% of the
documented deaths of adult female polir bears (Amsuup
and Dumer 1995). Natoral mortalities were not commonly
observed among prime age animals (Amstrup and Nielsen
1989), and we still know little about the proximate causes
of natural deaths among polar bears,

In the early 1990s, the trends described above
suggested a population that could be approaching carrying
capacity and was cither stable or growing more slowly
than in the early 1980s. More recent data suggest an
alternate hypothesis: Apparent density dependence was a
function of more transitory ecological effects. The
apparent continued growth of the population into the late
1990s and the expansion of numbers of maternal dens as
well us expanded arcas used for denning (see below)
appear to contradict earlier conclusions regarding
calrying capacity and density effects. This suggests that
issues related to population statas should be revisited
(Amstrup ¢t al. 1986, Amstrup 1993, Amstrup ct al. 2001,
McDaonald and Amstrup 2001),

Estimated numbers of bears at the close of the study
were relatively large, Effects of the increasing human
intrusions into the polar bear environntent luve not been
observed at a population level, suggesting (hat proactive
management can assure coexistence of polar bears and
human developments.

Absolute numbers of bears, however, still are small
compared to many other species, Early estimates
suggested the additional loss of as few as 30 bears each
year might push the total take from the population to the
maximum sustained yield (Amstrup et al 1986, Amstrup
and Deblaster 1988). Excess take did precipitate a decline
in the 19605 and 1970s. Hence, although populations may

now be near historic highs, managers must be alent to
possible changes in human activities, including hunting
and habitat alterations that could precipitate future
deciines.

Reproductive Significance of Maternity Denning
on Land

The distribution of polar bears is circumpolar in the
Northern Hemisphere, but maternal dens known at the
start of this project were concentrated in relatively few,
widely scattered locations (Amsirup 1986, Amstrup ct ak.
1986, Amstrup and DeMaster 1988, Anmstrup and Gardner
1994),

Ameng the best-known denning concentration arcas
were the Svalbard Archipelago north of Norway; Franz
Josef L.and, Novaya Zemlya, and Wrangel Island in
Russia; and the west coast of Hudson Bay in Canada.
Denning was either unconmmon or upknown in gaps
between known denning concentration arcas. The
Beaufort Sea region of Alaska and Canada lay in the
largest of those gups, and some had hypothesized that
polar bears of this region actually were born in other
asgcas,

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

To ascertain the number and distribution of denning
polar bears that could be impacted by oil development on
the Arctic Refuge coastal plain, we established the
following research objectives: 1) to determine the
distribution of polar bear dens in northern Alaska, 2) to
ascertain the time that polar bears enter and emerge from
dens, 3) to caleulare the relative success rates of dens on
fand and on sea ice, and 4) to determine whether etl and
#as exploration and development of the Arctic Refuge
coastat plain would adversely tmpact polar bears of the
Beaufort Sea by disrupting denning activities.

Polar bears were captured and radio-collared between
1981 and 1992, Amstrup and Gurdner (1994) determined
that denning in the Beaufort Sea region was sufficient 10
account for the estimated population. They also noted that
the proportion of dens on land was higher in the fate
19805 and early 19905 than it was carlter in the stedy
¢(Fig. 8.2). That trend continues, and other distributiona]
changes also may have occorred in the late 1990s and
early 2000s. Of a total of 182 denis located by telemetry
between spring of 1982 und spring of 2001, 150 were
within the study area from 167° to 137° W longide
(Point Hope ta Mackenzie River). Polar bear dens in this
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Figure 8.2. Number of polar bear dens focaled by radio-telemelry in
each of 3 substrates, 1981-1990.

region continued 1o occur on land, pack ice, and land-fast
ice,

Seventy-three of the [50 maternal dens discovered by
telemetry between 167° W and 137° W were on land or
Jand-fast ice where they were potentiafly vulnerable to a
variety of human disturbances.

The remaining 77 identified maternal dens were on
drifting pack ice where they were relatively invulnerable
1o most human activities, The propertion of pack-ice dens
drapped dramatically in the latter half of the study. A
decrease in study effort in offshore regions in the late
19905 may explain a portion of the decline in numbers of
dens found on pack ice. Bears denning on pack ice drifted
as far as 997 km while in dens and were potentiaily
villnerable to a variety of natural forees that coutd
compromise their security while occupying dens
{(Amstrup and Gamer 19949).

There was no difference in cub production by bears
denning on fand and pack ice. Mean entry and exit dates

were 1 November and 5 April for land dens and 22
November and 26 March for pack-ice dens (Amstrup and
Gardner 1994).

Female polar bears captured in the Beaufort Sea
appeared to be isolated from those caught east of Cape
Bathurst in Canada. Bears followed 1o >1 den did not
reuse sites, and consecuuve dens were from 20 km to
1,304 km apart {Fig. 8.3). However, radio-collared bears
were usually faithful to substrate (pack ice, land, land-fast
ice) and the general geographic area of previous dens
(Amstrup and Gardner 1994),

Of the 73 dens found by radio telemetry on the
mainjand coast of Alaska and Canada (land plus fast-ice
dens), 32 {44%%) were within the bounds of the Arctic
Refuge and 24 (33%) were within the 1002 Area.

The proporiion of dens located on the Arctic Refuge
dropped from 47% to 419 when the periods before and
after 1992 were compared, while the proportion of dens
located within the bounds of the 1002 area dropped from
36% 10 30%. The decrease in proportion of fand dens on
the Arctic Refuge was accompanied by an increase in the
proportion of dens found on land areas west of the Arctic
Refuge. Although this distribution shift is not statistically
sipnificant (Chi-square test P = 0.88), it is readily
apparent on the map (Fig. 8.4).

The shift may be explained simply by sample size
limitations, The continuing growth in palar bear numbers,
the continuing trend in proportion of dens on Jand, and
perhaps changing freeze-up conditions in the last decade
all may be influencing the distribution of denning efforts.
The apparent increase in numbers of bears denning on
land and the increased land area used for denning
corroborates estimates, reported carlier, that suggested a
continued tncrease in total numbers of palar bears

Figura 8.3. Matemal den locations for 5 polar bears foliowed to dens for more than one year. All dens were located by radio telemetry. Bears
tepeatedly denned in Lhe same general geographic area, but not the same place. Likewise, polar beats repeatedly denned in the same substrate,

(from Amstrup and Gaedner $934)
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{updated from Amstrup and Gardner 1994)

throughout the study period. The distribution of maternal
denning continues to be a fertile area for future research.

Despite a possible decline in proportional use of the
Arctic Refuge for denning, there still appears 10 be a
higher concentration of dens on the Arctic Refuge than on
adjacent lands, Development of hydrocarbon resources
therefore conld increase the potential for disturbance of
denning polar bears by human activities,

Because the chronology of denning is now known,
however, human activities could be temporatly managed
to minimize exposure of denning bears (Amstrup 1993,
Amstrup and Gardrer 1994). Spatial management of
industrial activities could further minimize exposure of
dens to disturbances because denning oceurs in low
density (Ginclading the Arctic Refuge) within relatively
uncommon habitats that can be mapped (Amstrup 1993,
Durmner et al. 2001a), o

Available data indicate polar bears are relatively
resilient to disturbances coming from owside their dens
{Amstrup [993, Amstrup and Gardner [994). Data
showed thal dens exposed to even high levels of activity
did not suffer a deteciable reduction in productivity

(Amstrup 1993). Perturbations resulting from capture,
marking, and radio tracking maternal bears did not affect
litter sizes or stature of cubs produced; and 10 of 12
denned polar bears exposed to exceptional levels of
activity were not measurably affected (Amstrup 1993),

Hence, polar bears in dens may be less vulnerable to
human disturbances than previously thought. This finding
corroborates the observations of Blix and Lentfer (1992)
who reported that polar bears in dens are well insulated
from disruptions outside of their dens.

Agpressive and proactive management, therefore, can
minimize or eliminate most of the potentinl adverse
effects of human developments on denaing polar bears. It
will be important to conduct research and monitoring of
polar bear denning and ccology concurrent with any
approved developments to assure thal management efforls
do have the desired mitigation effects.
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Section 9: Snow Geese

Jerry W, Hupp, Donna G. Robertson, and Alan W.
Brackney

Size and Distribution of Snow Goose
Populations

Part of the coastal plain of the Arctic National Wildlife
Refuge, Alaska, ts used as an antumn staging area by
lesser snow geese (Chen caerulescens caerulescens) from
the Western Canadian Arciic population (hereafter called
the Western Arctic population). There were approximately
200,000 breeding adulis in the Western Arctic population
througlt the mid-1980s (Johnson and Herter 1989), but the
population has recently increased to about 300,000
breeding adults (Kerbes et al. 1999).

Early in their avtumn migration, adult and juvenile
snow geese from the Western Arctic population feed
intensively while staging on the Beaufort Sea coastal
plain in Canada and Alasku 10 build fat reserves needed
for migration. Aertal censuses from 1973 to 1983
indicated that up to 600,000 adult and juvenite snow
geese used the coastal plain for 2-4 weceks in fale August
until mid-September (Oates et al, 1987).

We studied annua) variatien in numbers and spatial
distribution of snow geese that staged on the coastal plain
of the Arctic Refuge.

Numbers and distribution of snow geese on the Arctic
Refuge were assessed from aerial surveys during 9 years
from 1982-1993 (Robertson ¢t al. 1997). During surveys
biologists estimated the numbers of geese in flacks and
marked flock locations an 1opographic maps. Survey
results were digitized on a map of the coastal plain, A grid
of 25-km? cells was superimposed over the digitized map.
We tallied the numbers of geese observed in a cell during
cach survey and the number of years each cell was used
by geese.

The numbers of snow geese that staged on the Arctic
Refuge ranged from 12,800 (o 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
Western Arctic population staged on the Arctic Refuge.

Snow geese occupied approximately 605,000 ha of the
Arctic Refuge coastal plain between the Hulahula River
and Canadian horder. Only 20%% of the 25-km? cells were
frequenty used (i.e., used =5 years) yet 80% of the
frequently used cells fell within the boundaries of the
1002 Area (Fig. 9.2). The mid-coastal plain.between the
Okpilak and Aichilik rivers was used more frequently
than areas near the coust or the steep foathills. Areas that
were used frequently were alse used by larger numbers of
geese. Frequently vsed areas bad more of the Iandscape

3004
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Figure 9.1. Humbers of lssser snow geese observed on the coastal
plain of the Arclic National Wildtife Refuge, Afaska, USA, during aerial
surveys from 1982-1993. Poor weather prevented surveys in 1990 and
1691,

features snow geese selected when feeding (Hupp and
Robertson 1998).

Snow Goose Habitat, Food, and Energy
Requirements

The staging area on the Beaufort Sea ceastal plain
provides forage that geese use to build energy reserves
prior to continuing their migration south (Patterson 1974).
Upon departure from the coastal plain, snow peese make a
2,000-km-nonstep flight to the next stopover area in
northern Alberta (Johnson and Herter 1989). Geese that
lack sufficient fat reserves may be less likely to survive
migration (Owen and Black 1991).

Because snow geese are easity disturbed by human
activity (Davis and Wiseley 1974, Wiseley 1974, Bélanger
and Bédard 1989}, development of the coastal plain could
displace geese from feeding habitats. Exclusion from
feeding habitats could reduce the likeliliood that staging
geese would acquire fat reserves needed for migration, To
identify snow goose areas that could be impacted by
development, we needed data on forage preference as
weil as the distribmtion and availability of feeding
habitats.

We studied body condition and diet of snow geese in
arder to understand their energetic and nutritional
demands. We also assessed use and availability of feeding
habitats and the effects that grazing geese had on
vegetation at these sites.

Body condition and dict of 15] snow geese collected
daring 1984-85 and 1988 were evaluated {Fig, 9.3). Adult
snow geese gained an average of 22 g of body fat/day and
departed the Arctic Refuge with about 600 g of fat
reserves. Juveniles arrived on the Arctic Refuge with
snualler fat reserves than adults, acquired lipid reserves ot
a slower rate (13 g/day), and departed with smaller
reserves (375 g), Atthe end of staging, juveniles had
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Figure 9.2. Frequency of use of 25-km? cells by lesser snow goose flocks on Lhe coaslal plain of the Arclic Nalional Wildiife Refuge, Alaska,

1882-1993. Use of cells by snow geese was assessed during aenial su

proportionalty smaller lipid reserves (15-18% of body
mass} than adults (21-24% of body mass) and likely were
at greater risk of having imadequate cnergy reserves for
migration.

We examined esophageal contents of snow geese to
identify important forage species (Braekney and Hupp
1993}, Snow geese primarily consumed 2 food items: the
underground stembase of Eriophorum angustifolinm (tall
cottongrass) and the aerial shoots of Equisetunt
variggatum (northern scouring-rush}. The birds typicaily
fed on northern scouring-rush during the morning when
surface soils and water were frozen, and they consumed
underground parts of tall cottongrass during afternoon
and evening after soils had thawed.

We examined forage intake and digestibility among
caplive snow peese o better understand the poputation’s
forage requirements (Hupp et al. 1996). Snow geese fed
for a bigh percentage of the day (30-60%) and maintained
high rates of forage intake (14 g dry matter/hour). On a
daily basis a goose probably consumes the equivalent of
about 30%: of its body mass i cotlongrass stembises, A

veys.

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

Northern scouring-rush primarily grew on riparian
terraces within 400 m of river channels. Riparian terraces
adjacent to rivers are important habitat for snow geese as
they feed on scouring-rush.

We measured vegetation and soil moisture at sites
where snow geese fed on tall cottongrass, and then we
developed a statistical model to identify suitable feeding
Labitat (Hupp and Robertson 1998). The model was tested
using captive snow geese, Snow geese typically exploited
small, homogencous patches of cottongrass in flooded
areas. They avoided uplands and flooded arcas where
cottongrass was imermixed with Carex, shrubs, or
tussocks.

The habitat seicction model was used to assess the
availability of cottongrass feeding sites along 192
randomly located transects on the 1002 Area east of the
Hulahula River. Cottongrass feeding sites oceurred in
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Flgure 9.3. Rates of lipid deposilion by lesser snow geese during falt
staging on the Arctic Nalional Wildiile Refuge, Alaska. Geese were
collecled in 1984, 1885, and 1988. Data were pooled across years and
size of fat reservas scaled to the dale geese were firsl abserved on the
Arclic Refuge in each year.

small patches that were highly interspersed with less
suitable feeding habitat. They were widely distributed but
comprised a small percentage (€39) of the study area,

Larger-scale micro-relief features were also examined
at snow goose {eeding areas. Cottongrass feeding sites
primarily occurred along narrow (<1 m} edges of flooded
thermekarst pits, water tracks, and troughs, When feeding
on coliongrass, snow geese scleeted areas with greater
availability of thermokarst pits and avoided uplands, low
center polygons, wet meadows, and strangmoor (Hupp
and Robertson 1998).

Thermokarst pits and water tracks were widely
available in the mid-coastal plain between the Okpilak
and the Aichilik rivers. Greater availability of cottongrass
feeding habitat in that region likely accounts for its more
frequent use by snow geese (Hupp and Rebertson 1998).

Snow geese removed the underground portion of
coftongrass {rom which plants regenerate, Four years after
an experimental removai, the blomass of stembases in
treatment plots was approximately 50% of that in controd
plots (Hupp et al. 2000} Feeding by snow geese likely
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reduces forage availability in subsequent 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 small, patchy, and comprise 3% of
the Iandscape. Feeding on cottongrass at a site reduces
forage abundance at that location for at [east several
years, Snow geese in the Western Arctic population use an
exlensive staging area because forage availability varies
both spatially and temporally. Variation in the numbers of
staging geese on the Arctic Refuge is likely due 1o annual
differences in habitat conditiens. Poor forage conditions
or the presence of snowcover on the Canadian portion of
the staging area may contribute to greater number of
staging geese on the Arctic Refuge,

Effect and Mitigation of Human Activities on
Snow Geese

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

The following objectives were designed to assess
$NOw goosc response to experimental aircraft overflights:
1) determine the effect of aircraft on activity patterns and
hizhitat use, 2) calculate the effect of increased siress or
displacement cansed by aireraft overflights on the cnergy
budgets of the geese, and 3) determine implicatiens of
petroleum development to survival of siow geese.

Swudies of aircraft disturbance were limited due 1o low
numbers of geese on the Arctic Refuge in most years from
[988-1993, poor weather, and the need to meet other
study objectives. Snow geese flushed at 2 mean distance
of 5.2 km (SD = 2.9} from a Bell 2068 helicopter during
overflights in 1991 (n = 19). Flocks were displaced an
average of 1.8 km (SI> = 2.0 from their feeding sites.

These results are similar to a 1973 study of aircraft
disturbance to the Western Arctic population in Canada in
which fixed-wing aircraft and helicopters flushed snow
goose flocks within a 6-km radius (Davis and Wiseley
1974). I that study, flocks were displaced an average of
1.9, 1.6, and 5.9 km from feeding sites by helicopters,
small, and large fixed-wing airerafl, respectively.

Several studies suggest that human disturbance can
displace staging snow geese from feeding habitats and
possibly diminish the size of juvenile fat reserves. A study
of staging greater snow geese found that >2 disturbances/
hour caused 30% fewer geese 1o use the disturbed area
the following day (Bélanger and Bédard 1989). Energetic
reserves of juvenile snow geese staging on the coust of
the Beaufort Sea in Canada were projected 1o diminish
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