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ABSTRACT

Habitat selection by calving caribou (Rangifer tarandus granti) of the
Central Arctic Herd, Alaska, was assessed in relation to distance from roads,
vegetation type, relative plant biomass (NDVI; Normalized Difference Vegetation
Index), accumulation of plant biomass during early lactation (NDVIrate), snow
cover, and terrain ruggedness. From 183 calving sites of 96 radio-collared
females, 1980-95, calving distribution was estimated in reference (no
development) and treatment (oilfields present) zones east and west of the
Sagavanirktok River, respectively. In the reference zone, caribou regularly
selected wet-graminoid vegetation, above-median NDVIrate, and non-rugged
terrain; concentrated calving remained in habitats with zonal average NDVI on 21
June (NDVI621). In the treatment zone, selection patterns were inconsistent;
concentrated calving shifted inland to rugged terrain with low NDVI1621 and away
from development. Repeated use of lower-quality habitats in the treatment zone
could compromise nutrient intake by calving females, thereby depressing

reproductive success of the western-segment of the herd.
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INTRODUCTION

Calving grounds are used more consistently by barren-ground caribou
(Rangifer tarandus granti) herds than any other area within their annual ranges
(Skoog 1968). Repeated use likely reflects a survival advantage (Bergerud
1974, Cameron 1983) through greater availability of nutritious forage (de Vos
1960, Skoog 1968, White et al. 1975, Batzli et al. 1980, Batzli et al. 1981,
Cameron 1983, Russell et al. 1993) and lower predation risk (Skoog 1968,

Bergerud 1974, Fancy and Whitten 1991, Whitten et al. 1992).

Within calving grounds, the distribution of parturient caribou typically
varies somewhat among years (Bergerud 1974, Bergerud and Page 1987, Fancy
et al. 1989, Fancy and Whitten 1991, Walsh et al. 1995), apparently in response
to spatial variations in forage quantity and quality (Skoog 1968, White et al. 1975,
Cameron and Whitten 1980, Russell et al. 1993, Griffith et al. 2000) and predator
densities (Bergerud 1974, Bergerud and Page 1987, Whitten et al. 1992). Other
possible factors include habitat deterioration (Klein and Kuzyakin 1982, Couturier
et al. 1990), parasite abundance (Folstad et al. 1991), snow cover (Lent 1980,
Eastland et al. 1989, Russell et al. 1993), topographic features (Nellemann and
Thomsen 1994, Nellemann 1997), and anthropogenic disturbance (Child 1973,
Roby 1978, Jingfors et al. 1983, Smith and Cameron 1983, Fancy 1983, Whitten
and Cameron 1983a, Dau and Cameron 1986, Lawhead 1988, Cameron et al.
1992, Smith et al. 1994, Nellemann and Cameron 1996, Nellemann 1997, and

Nellemann and Cameron 1998).




Local shifts in calving distribution have been linked to avoidance of oilfield
activities by parturient caribou of the Central Arctic Herd (CAH) (Dau and
Cameron 1986, Cameron et al. 1992, Nellemann and Cameron 1998). Mean
caribou density was unrelated to distance from roads before development, but
decreased significantly within 1 km of roads and increased significantly 5-6 km
from roads after development (Cameron et al. 1992). Redistribution occurred
even with relatively low rates of vehicular traffic (100-200 vehicles/day).

These local responses may accumulate and result in a population effect.
Data on calving sites of radio-collared CAH females suggested a progressive
inland shift in distribution (Cameron and Ver Hoef 1996, Cameron and Griffith
1997). That shift was more apparent west of the Sagavanirktok River (oilfields
present) than east of the Sagavanirktok River (no development) (Cameron and
Ver Hoef 1996). In addition, concentrated calving in the west appeared to shift
away from development, while concentrated calving in the east remained
relatively constant in location (Cameron and Griffith 1997). However, the
importance of shifts in distribution to CAH calving caribou was not quantified. In
particular, potential implications of changes in habitat use were not addressed.

The goals of this study were to determine if calving distributions differed
between reference (REF; no development) and treatment (TRT; oilfields present)
zones of the calving ground and, if so, to evaluate the implications in terms of
habitat quality. Objectives were to (1) delineate calving distribution in both

zones, (2) compare habitat characteristics between zones, (3) assess habitat




selection by calving caribou, and (4) compare relative availability of forage
between zones and among concentrated calving areas (CCA’s) within zones of
the calving ground. Respective null hypotheses were: (1) changes in distribution
of CCA’s did not differ between zones, (2) habitats did not differ between zones,
(3) caribou selected the same habitat characteristics in both zones, and (4)
relative availability of forage did not change through time in either calving ground

zone or in CCA’s.
STUDY AREA

Physical Description

The study area lies between the Colville and Canning rivers within 150 km
of the Beaufort Sea (Fig. 1). Elevation ranges from sea level to about 300 m.
Snow cover is present for 8-9 months each year. Summers are short and
relatively cool, with frequent coastal fog (Brown et al. 1980).

Two physiographic provinces comprise the study area (Wahrhaftig 1965,
Brown et al. 1980). The Arctic Coastal Plain extends inland to about 75 m
elevation (Brown et al. 1980) and is characterized by low topographic relief, poor
drainage, ice-wedge polygons, scattered pingos, river terraces, and
longitudinally-oriented thaw-lakes. Wet graminoid and moist graminoid prostrate-
shrub (nonacidic) tundra are the dominant vegetation types (Webber and Walker
1975, Walker et al. 1985, Walker and Acevedo 1987, Muller et al. 1999). The

Arctic Foothills Province to the south consists of gently rolling terrain dominated
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Figure 1. The study area, Arctic Coastal Plain, Alaska.



by moist dwarf-shrub tussock-graminoid (acidic) and dry prostrate-shrub
vegetation types (Auerbach et al. 1992, Walker et al. 1994, Muller et al. 1999).
Muller et al. (1999) identified five vegetation types in the study area: dry
prostrate-shrub and barrens, moist graminoid prostrate-shrub, moist dwarf-shrub
tussock-graminoid, moist low-shrub, and wet graminoid. Moist graminoid
prostrate-shrub and wet graminoid predominate in poorly drained areas. Dry
prostrate-shrub and barrens, moist dwarf-shrub tussock-graminoid, and moist

low-shrub are most common on rolling hills and raised areas.

The Central Arctic Herd

The annual range of the CAH is between the Canning and Colville rivers,
from the Beaufort Sea south to the Brooks Range (Cameron and Whitten 1979).
Winter range is primarily in the northern foothills of the Brooks Range. Calving
and summer ranges are on the Arctic Coastal Plain (Cameron and Whitten
1979). Seasonal ranges often overlap (Cameron and Whitten 1979, Fancy et al.
1989). Population sizes were about 5,000 in 1978; 8,500 in 1981; 13,000 in
1983; 23,000 in 1992; 18,500 in .1995; and 19,500 in 1999 (Whitten and
Cameron 1983b, ADFG unpublished).

Direct estimates of predator densities are lacking. Generally, however,
wolves (Canis lupus) (Stephenson 1979), grizzly bears (Ursus arctos) (Reynolds
1979, Young and McCabe 1998, Shideler pers. comm.), and nesting golden
eagles (Aquila chrysaetos) (Campbell 1960) are less abundant on the coastal

plain than in the foothills or mountains (Young et al. 1992).




Petroleum Development

Atlantic Richfield (ARCO) and Humble Oil and Refining Companies
(EXXON) discovered a major oil reserve at Prudhoe Bay in 1968. By 1970, the
Prudhoe Bay and Deadhorse airports, several base camps, and a small network
of drill pads and roads were constructed (Shideler 1986). Rapid expansion of the
Prudhoe Bay Oilfield Complex (PBC) occurred during 1974-75 with construction
of the Trans-Alaska Pipeline (TAPS), drill pads, flow lines, access roads, and
support facilities (Roby 1978). By 1987, the offshore Endicott and onshore
Lisburne Oilfields were operational. Thereafter, surface development within the

PBC proceeded at a lower rate.

Construction of the Kuparuk Development Area (KDA), about 45 km west
of Prudhoe Bay, began in 1977 with extension of the Spine Road from the PBC
across the Kuparuk River. By 1981, ARCO's first central processing facility
(CPF-1), a relatively small system of roads and flow lines, and the Kuparuk
Pipeline were in place (Shideler 1986). Roads and flow lines were extended
north to Milne and Oliktok points beginning in 1981. From 1982 to 1987, CPF-1
was enlarged; two additional processing facilities were constructed to the
southwest and north (CPF-2 and CPF-3), respectively; and access roads, drill
pads, and elevated pipelines were added. Most construction was completed by
1987, except for small additions near Milne and Oliktok points. By 1993, surface
development, of which 75% was roads with adjacent pipelines, covered about

2% of the area comprising the PBC and KDA (Jorgenson and Joyce 1994). By




1999, more than 1,300 and 900 wells had been drilled in the PBC and KDA,
respectively, and nearly all development occurred west of the Sagavanirktok

River (BP Amoco Operations, unpublished).

METHODS

Caribou Distribution at Calving

Calving Sites

During 31 May - 19 June, 1980-95 (except 1984), a total of 96 different
radio-collared females were located repeatedly by fixed-wing aircraft to
determine parturition status (Cameron et al. 1993, Cameron and Ver Hoef 1994,
Cameron and Ver Hoef 1996). One hundred eighty-three calving sites were
estimated as the locations where females were first observed with a live calf at
heel (Cameron and Ver Hoef 1996). For these analyses, calving sites were
classified into REF and TRT zones depending on whether they were east or west

of the middle of the Sagavanirktok River delta, respectively (Fig. 2).

Calving Ground

The location and size of the calving ground were estimated from fixed
kernel analyses of all calving sites (version 4.27 of KERNELHR, cell size and
smoothing parameter automatically selected, least squares cross validation;
Seaman et al. 1998). The calving ground was defined as the contour enclosing

the 99% utilization distribution (Van Winkle 1975, Worton 1989, Worton 1995,
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Seaman and Powell 1996). Areas that extended into the Beaufort Sea were
excluded because calving has never been documented on the pack ice. Habitat
characteristics were compared between REF and TRT zones of the calving

ground (Fig. 2).

Variability in Distribution of Calving Sites

Multi-response permutation procedures (MRPP, Mielke and Berry 1982)
were used to test for differences in the spatial distribution of calving sites
between sequential years. Calculations were based on the specific MRPP
function corresponding to Euclidean distance measurements (Slauson et al.

1991, Zimmerman et al. 1985).

Concentrated Calving Areas

A CCA for each zone during each period was defined as the area (kernel
density contour) encompassing calving sites with greater than average
observation density (Seaman et al. 1998). Because only one estimate was
derived for each zone in each period, standard estimates of within-period
variance were not possible (Zar 1996, Manly 1997). Thus, variance was
estimated using jackknife procedures (Efron 1979, Rocke and Downs 1981,
Efron 1982, Efron and Tibshirani 1993, Manly 1997), where individual sites were
successively excluded, with replacement, from each set of sites. Then, each
subset of sites was used to estimate a CCA. The number of estimates of a CCA

was equal to the number of sites. Variance was calculated from all estimates of
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a CCA.

Within each zone, the spatial distribution of calving sites within CCA’s was
compared between sequential periods to assess the statistical significance of
shifts in concentrated calving. MRPP (Mielke and Berry 1982) was used for this
test.

Directional shifts were evaluated using Rayleigh's test to determine if
bearings between sequential centroids of CCA’s differed from random (Zar 1996,
Batschelet 1965). The centroid of each CCA was calculated using a geometric
algorithm (O'Rourke 1998). Bearings were calculated between each jackknifed
centroid from the base period to the median centroid in the subsequent period.

The distance between CCA'’s was assessed based on distance between
sequential centroids within each zone. Distances between each jackknifed
centroid from the base period to the median centroid in the subsequent period
were calculated using simple geometry (Arnold and Maller 1984, Haila et al.

1996, Howery et al. 1996, Howery et al. 1998).

Habitat Characteristics

Distance from Roads

Because relative abundance of calving caribou was less than expected
within 4 km of roads after development (Cameron et al. 1992, Nellemann and
Cameron 1996), a zone extending 4 km from the center of all roads (4 km buffer,

ESRI 1998) was generated for analysis of habitat selection. This area was
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assumed to represent a “response zone” to disturbance. The proportional area
of the response zone within calving ground zones and CCA’s was calculated for
1981, 1987, and 1990. The additional area occupied by roads after 1990 was

assumed to be negligible.

Vegetation Types

Vegetation types were obtained from a mosaic of Multi Spectral Scanner
(MSS) images of arctic Alaska (Muller et al. 1999), extrapolated from a map of
the Kuparuk River Region (Muller et al. 1998). Map accuracy was 85% for the
Kuparuk River Region (Muller et al. 1998). Thus, accuracy of the MSS
classification of arctic Alaska (Muller et al. 1999) was assumed to be 85% for the
CAH calving ground. Diversity of vegetation types was calculated, based on
Shannon's Diversity Index, from a census of pixels within REF and TRT zones of

the calving ground (H; Shannon and Weaver 1949: P. 105).

Relative Plant Biomass

The relative biomass of green vegetation in the canopy surface was
estimated using the normalized difference vegetation index (NDVI). This index,

developed by Rouse (1973), was calculated as:
NDVI = (NIR - RED) / (NIR + RED),

where NIR = near-infrared light reflectance (0.7-0.9 xm wavelength), and RED =

red light reflectance (~0.6 xm wavelength). As NIR (reflected by green plant
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chloroplasts) increased more than RED (absorbed by green plant chloroplasts),
the relative biomass of green vegetation was assumed to increase (Colwell
1973). NDVI derived from satellite images has proven useful for estimating the
biomass of green vegetation (Hansen 1991, Hope et al. 1993, Shippert et al.
1995), amount of plant photosynthesis (Asrar et al. 1984, Running et al. 1989),
phenological progression of vegetation (Kennedy 1989, Lloyd 1989, and Markon
et al. 1995), annual above-ground net primary production (Paruelo et al. 1997),
snow cover (Baglio and Holroyd 1989, Harrison and Lucas 1989), crop yield
(Wiegand et al. 1992), and climate-warming trends (Myneni et al. 1997, Myneni

et al. 1998, Griffith et al. 2000).

Satellite images during calving (1-10 June) and post-calving (7-24 days
after the first image) were obtained from Advanced Very High Resolution
Radiometers (AVHRR) onboard the National Oceanic and Atmospheric
Administration's (NOAA) polar orbiting satellites. Images from 1985-95 were
Local Area Coverage (LAC) with 1.1 km resolution at nadir. As comparable
images were not available for 1980-84, Global Area Coverage (GAC) images
with 4.4 km resolution at nadir were substituted. Only two of the GAC images,
both in 1981, were sufficiently cloud-free. AVHRR images were calibrated and
processed following EROS guidelines (Kidwell 1997). Each image was co-
registered to a 1.0 km pixel resolution in Alber's equal-area conic projection
(Maling 1973). Post-launch degradation in the red and near infrared AVHRR

sensors was corrected (Kaufman and Holben 1993). Clouds were identified
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when the difference between the temperatures of spectral channels 3 and 4 was
>12 degrees Kelvin (Baglio and Holroyd 1989). When an image had substantial
cloud cover, images on adjacent days were composited to obtain maximum
cloud-free coverage. Pixels remaining cloud-covered were deleted from the
analyses. Then, NDVI was calculated from each AVHRR pixel, and negative

values were set to 0.

To estimate the daily accumulation rate of NDVI (i.e., NDVlrate), the pixel
based difference between NDVI for images during calving and post-calving was
divided by the number of elapsed days between images. NDVirate was
assumed to be positively related to the accumulation rate of new plant tissue

during early lactation (after parturition through late June).

A correction technique was developed and applied to account for the
potential negative bias in NDVI and NDVIrate caused by surface water (Lillesand
and Kiefer 1994, Jensen 1996). Land cover was estimated from the MSS map of
vegetation types, which included water as a type, at 100-m pixel resolution
(Muller et al. 1999). Unique numbers were assigned to each AVHRR pixel by
generating a fishnet grid that aligned with each pixel (ESRI 1998). The fishnet
grid was superimposed on the MSS image (Muller et al. 1999) to estimate the
proportion of land cover in each AVHRR pixel. To minimize registration errors,
mean NDVI and mean NDVIrate were calculated from 9 km? blocks, centered on
each 1 km? AVHRR pixel, and assigned to each center 1 km? AVHRR pixel using

a 3-km=3-km mean filter (i.e., moving window, ESRI 1998). Then, each pixel
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was corrected for water bias by dividing NDVI or NDVIrate by the proportion of
the pixel that was covered by land. All subsequent analyses were performed on

water corrected images.

Median NDVI and median NDVIrate were calculated for the calving ground
from each image. Pixels then were re-classified as < or > the median. The
subsequent biological questions posed were: 1) does relative biomass of green
vegetation at calving (NDVI) or the accumulation rate of new plant tissue, post-
calving (NDViIrate), differ between calving ground zones (no within-year variance
occurred because of calculations from a census of pixels), 2) do calving caribou
select areas with high or low NDVI at calving, and 3) do calving caribou select

areas with high or low NDVIrate during early lactation.

Relative forage quantity at peak lactation was estimated as median NDVI
on 21 June (NDVI621) for each year. This was calculated as NDVI from the
image during calving plus the product of NDVIrate and the number of days

between that image and 21 June (Griffith et al. 2000).

Snow Cover

Percentage snow cover was estimated for each pixel from AVHRR images
at calving from a linear model of channel-2 reflectance (Baglio and Holroyd
1989). Estimates of snow cover were then classified into 4 categories: <25%,
>25% and <50%, >50% and <75%, and >75%. Snow cover was not estimated

from images during post-calving because little, if any, snow was present then.
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Terrain Ruggedness

Terrain ruggedness was estimated on 4,000 random 4-km transects within
the calving ground and 500 random 4-km transects within each CCA. Each

random sample was generated independently (Zar 1996).

The terrain ruggedness technique developed by Nellemann and Thomsen
(1994) was modified and automated. Rather than manually calculating terrain
ruggedness from measurements on paper topographic maps, terrain ruggedness
was calculated from digital elevation models (DEM; U.S. Geological Survey

1993) at 1:63,360 scale.

Nellemann and Thomsen (1994) calculated a "Terrain Ruggedness Index"

(TRI) as:
TRI = (TNC * TNF) / (TNC + TNF),

where TNC = the number of contour lines intercepted along the transect, and
TNF = the number of fluctuations in slope direction along the same transect.
Slope direction fluctuations were tallied when transects appeared to cross the

crest or the bottom of topographic features.

To obtain a similar index (Digital Terrain Ruggedness Index, DTRI) of
terrain ruggedness from DEM, a 4-km transect was centered on random points

and oriented parallel to the aspect of the 30-m pixel encompassing that point.
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DTRI was calculated as:
DTRI = (SEC * SDC) / (SEC + SDC),

where SEC = the sum of absolute elevation changes, and SDC = the number of
slope direction changes (i.e., the number of changes from an inclining to
declining slope, and vice versa), both obtained from the 4-km transect. Four-km
transects were used because they closely approximated the variable length
transects (3.2 - 4.5 km) used by Nellemann and Cameron (1996, 1998). For
habitat selection analyses, each DTRI was classified as non-rugged or rugged if

it was < or > the median DTRI of the calving ground, respectively.

DTRI from DEM was compared to TRI from 1:63,360 topographic maps
for 101 random 4-km transects, centered on each random point and oriented
parallel to the aspect. The relationship between the two indices was assessed
by simple linear regression (Zar 1996). Congruity of classification of terrain as
non-rugged or rugged between TRI and DTRI was evaluated with contingency

table analyses.

Habitat Use/Selection

Habitat selection by calving caribou was assessed for distance from roads
(2 categories), NDVI at calving (2 categories), NDVlrate during early lactation (2
categories), percentage snow cover at calving (4 categories), vegetation type (5
categories), and terrain ruggedness (2 categories).

Habitat availability was defined as the proportion of each habitat attribute
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within the calving ground. Availability was the same for both zones because
some females changed zones between years. In any year, females could have
calved in either zone.

Habitat use in each zone was defined as the proportion of each habitat
attribute within CCA’s. Variance in habitat use was calculated from the
jackknifed samples of CCA'’s for each period. Habitat selection was examined at
the population level (Design |, sampling protocol A for each zone; Manly et al.
1993).

Selection or avoidance of a given habitat attribute was inferred when the
95% Bonferroni confidence interval (Alldredge and Ratti 1986, McDonald et al.
1991, Alldredge and Ratti 1992) of its respective proportion within a CCA did not
overlap the proportion for the calving ground. Habitat attributes were considered
selected when used significantly greater than availability and avoided when used
significantly less than availability (Johnson 1980). Selection patterns were
assessed annually for habitat characteristics that varied each year (i.e., NDVI at
calving, NDVlrate during early lactation, and percentage snow cover at calving)
and within 3-year periods for those that did not (i.e., distance from roads,

vegetation type, and terrain ruggedness).

Temporal Trends in Forage Availability

The temporal trend in forage availability for the entire calving ground and

for each calving ground zone was assessed using linear regression of NDVI621
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on year. A positive trend would be expected if a climate-warming signature was

present (Myneni et al. 1997).

Potential forage availability consequences of shifts in distribution were
assessed with linear regression of NDVI621 within CCA’s on year. The null
hypothesis was that the slopes of regressions would be equivalent for REF and
TRT zones. The suitability of linear regression functions was assessed by
analyzing residuals for indications of systematic departure from 0, presence of
outliers, and non-normality of error distributions (Neter et al. 1990). In addition,

median NDVI621 each year was calculated for each CCA.

RESULTS

Caribou Distribution at Calving

Calving Sites

All 183 calving sites were within 155 km of the Beaufort Sea, and 174
(>95%) were within 50 km of the coast (Fig. 2). Ten (18%) of 55 radio-collared
females, for which calving was recorded in >1 year, switched between REF and
TRT zones. Inthe TRT zone, 7 (<8%) of the sites were within 4 km of existing
roads.

Distributions of annual calving sites did not differ (P > 0.05) between
sequential years. Thus, calving sites for each zone were combined into five 3-

year periods because annual sample sizes were too small for kernel estimates of
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annual distributions (Seaman and Powell 1996). Three-year periods were
chosen to minimize the likelihood of overestimating calving distributions (i.e.,
small sample sizes overestimate animal distribution; Silverman 1985, Worton
1995, Seaman and Powell 1996) and of masking among year changes in
distribution and habitat selection (i.e., the number of years that data are pooled is
positively related to the likelihood of masking patterns in habitat selection;
Schooley 1994). On average, 11 and 37 sites were recorded for each year

(Table 1) and for each 3-year period (Table 2), respectively.

Calving Ground

The calving ground (Fig. 2) encompassed 12,410 km?. The REF and TRT

zones were similar in size, 6,493 km? and 5,917 km?, respectively.

Concentrated Calving Areas

Sizes of CCA’s ranged from 156 to 1,182 km?, with both extremes
occurring in the TRT zone (Table 3). Size differed (P < 0.01) between zones,
except during 1993-1995. On average, CCA’s comprised only 9%

(range 6 - 14%) of the calving ground area, but included 52% (range 45 - 59%) of
the calving sites.

Concentrated calving varied in location between 3-year periods in both
zones. Calving sites within CCA'’s shifted (P < 0.05) between sequential periods

for 3 of the 4 comparisons in both zones (Table 4).
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Table 1. Numbers of calving sites in reference and treatment zones of the
calving ground, Central Arctic caribou herd, Alaska, 1980-95.

Number of calving sites

Year Reference Treatment Both
1980 4 3 7
1981 8 8 16
1982 4 6 10
1983 6 3 9
1985 1 6 17
1986 7 0 7
1987 13 10 23
1988 12 9 21
1989 o 6 11
1990 6 7 13
1991 1 10 1
1992 4 10 14
1993 5 5 10
1994 6 3 9
1995 2 3 o

Total 94

oo
©

183
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Table 2. Numbers of calving sites by period in reference and treatment zones of
the calving ground, Central Arctic caribou herd, Alaska, 1980-95.

Number of Calving Sites

Period Reference Treatment Both
1980-82 16 17 33
1983-86 24 9 33
1987-89 30 25 55
1990-92 11 27 38
1993-95 13 11 24

Total 94 89 183
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Table 3. Sizes of concentrated calving areas in reference and treatment zones,
Central Arctic caribou herd, Alaska, 1980-95.

Concentrated calving area, km* (% of calving ground)

Period Reference Treatment

1980-82 724 (5.8) A? 363 (2.9) B
1983-86 591 (4.8) A 1182 (9.5) B
1987-89 317 (2.6) A 596 (4.8) B
1990-92 893 (7.2) A 156 (1.3) B
1993-95 384 (3.1) A 345 (2.8) B

2 Different letters indicate that area was significantly different (P < 0.01) between
zones based on ANOVA of jackknifed area estimates for that period.
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Table 4. Comparisons of spatial distributions of calving sites within concentrated
calving areas between sequential 3-year periods, Central Arctic caribou herd,
Alaska, 1980-1995.

Probability that calving sites came from the
same distribution® (respective sample sizes)

Comparison Periods Reference Treatment
1980-82 vs. 1983-86 P <0.001 (14,9) P =0.013 (7,5)
1983-86 vs. 1987-89 P =0.759 (9,15) P <0.001 (5,14)
1987-89 vs. 1990-92 P <0.001 (15,6) P =0.028 (14,11)
1990-92 vs. 1993-95 P =0.005 (6,7) P=0.174 (11,5)

? Probabilities evaluated with Multi-response Permutation Procedures (Slauson
et al. 1991).
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The character of spatial shifts in CCA’s differed between the two zones
(Figs. 3a - 3e). In the REF zone, shift direction did not differ from random
(P =0.14). Inthe TRT zone, however, CCA’s shifted southwestward (P < 0.002),
away from oilfields. Distance between sequential centroids of CCA’s was
greatest in the TRT zone in the 1980’s (Fig. 4), during development of areas near
Milne and Oliktok points. Thereafter, TRT zone CCA’s remained inland, well

beyond 4 km of roads.

Habitat Characteristics of Calving Ground Zones

Only 2.3% of the REF zone was within 4 km of roads (i.e., short segments
of the Dalton Highway; Figs. 1, 3a - 3e). Corresponding areas in the TRT zone
were 17.8%, 28.6%, and 28.8% by 1981, 1987, and 1990, respectively.

Slightly less dry-prostrate shrub tundra, moist graminoid tundra, and wet
graminoid tundra were present in the REF zone than in the TRT zone (Table 5).
Moist dwarf-shrub tundra and other shrub-land, however, were more common in
the REF zone. Shannon's Diversity Index (Shannon and Weaver 1949) was
higher in the REF zone (H = 1.25) than in the TRT zone (H = 0.90).

NDVI and NDVlrate varied among years and between zones (Table 6).
Median NDVI differed between zones, except in 1993, although the direction of
differences was not consistent. In contrast, NDVIrate was higher in the REF
zone than i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>