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other analyses because of potential biases due to variable sample sizes, timing of captures
within the calving period, and the possibility of capture-related mortality. Whenever possible,
carcasses of calves that died were examined and probable cause of death was determined.
During July and August 2004, smoke from extensive wildfires across eastern Interior Alaska
forced the cancellation of many scheduled radiotracking flights. Instead, we used data from 44
GPS collars deployed on caribou cows with calves to obtain comparable data. We estimated
dates that calves died in 2004 by comparing locations where collared calves were found dead
with movements of each calf’s mother: we assumed that the date the mother was closest to the
location where the dead calf was found was the date of the calf’s death. We grouped these
data into 2-week periods to estimate mortality rates.

Data on calf body mass and metatarsus length were compared between sexes, areas, and
among years using analysis of variance (ANOVA). Effects of body mass and metatarsus
length on rates of gain in these measures during summer (June-September) and winter
(October—March) were also compared between areas using ANOVA. We tested the
hypothesis that overwinter survival of female calves was related to their condition during fall
using logistic regression, with survival as the response variable, and September body mass as
the measure of calf condition. Survival during winter is likely to be affected by environmental
conditions, which vary both geographically and among years. Thus, we included independent
variables representing location of the calf’s winter range (north or south of the crest of the
Brooks Range) and winter severity. The index of winter severity we used was the cumulative
precipitation from October—-March of each winter, expressed as the percent of the mean from
1971-2000. For calves that wintered on the south side of the Brooks Range, we used the mean
of precipitation measurements from Coldfoot and Chandalar Shelf, and for calves wintering
north of the Brooks Range we used the mean of measurements from Atigun Camp and
Imnavait Creek. Precipitation measurements were reported by the U.S. Department of
Agriculture, Natural Resources Conservation Service (Alaska Snow Survey Reports, available
at http://ambcs.org/aksnow/bor_ak.html).

We examined summer (postcalving season) distributions of calves from the 2 calving areas
(eastern and western) using the 95% fixed kernel utilization distributions of locations obtained
during each radiotracking trip. In addition, locations of radiocollared calves and cows during
late February—March were used to identify wintering areas. To examine patterns of
distribution during summer 2004 (when few radiotracking flights were possible), we selected
dates similar to those when radiotracking flights were conducted during previous years. We
then modeled distributions of GPS locations of collared caribou cows with calves on these
dates using the fixed kernel models.

A complete photo census of the CAH was conducted in July 2002. The census used standard
methods for censusing caribou herds in Alaska (Valkenburg et al. 1985); a small fixed-wing
aircraft (Piper PA-18) located collared caribou while the herd was aggregated along the Arctic
coast. The groups were then photographed using a 9-inch format aerial mapping camera
(model RMK-A 15/23, Carl Zeiss AG, Oberkochen, Germany) mounted in a DeHavilland
Beaver aircraft. Caribou in the photographs were counted and classified as either calves or
adults. We planned to census the herd at intervals of 2 or 3 years, weather permitting.
However, no census was possible in 2004 or 2005 because of smoke, cloudy weather, and
failure of the caribou to aggregate sufficiently to be photographed.
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In both areas, calves that were heavier at birth gained more mass during summer (ANOVA,
P < 0.0001; Fig. 7A). However, summer gain in body mass as a proportion of birth mass
showed the opposite trend: calves that were lighter at birth gained proportionally more mass
compared to heavier calves (P < 0.0001; Fig. 7B). Both absolute and proportional increases in
metatarsus length during summer were greater for calves that were smaller at birth
(P <0.0001; Fig. 8). Absolute and proportional changes in both mass and metatarsus length
between September and March were negatively related to September values of those measures
(P <0.001; Figs. 9 and 10). Seasonal changes in size and mass were similar between calving
areas, except for metatarsus length during September—March. During this period, smaller
calves from the western area grew more and larger calves less in comparison to similar-sized
calves from the eastern area (Table 6; Fig. 10).

Probability of survival of female calves during winter was positively related to body mass
during September (logistic regression, P < 0.0001) and negatively related to cumulative
precipitation during winter (calculated as percent difference from the long-term mean; P =
0.03). Logistic regression considering data from all years did not show a significant effect of
location of winter range (north or south of the Brooks Range) on survival (P = 0.14).
However, comparing survival rates between wintering areas separately for each year indicated
that survival was lower for caribou wintering on the south side of the Brooks Range during
winter 2004-2005 (Fig. 11; south: s = 0.59, SD = 0.06; north: s = 0.83, SD = 0.10; z = 2.08,
P =0.02), but not during other years (P > 0.60). Thus, the effect of wintering area on survival
was not consistent among years, probably due to differences in weather patterns among years.

Distributions of calves from the 2 calving areas overlapped extensively during July and
August (Figs. 12—16). Caribou moved north to the Arctic coast during warm weather in late
June and July, and moved inland during cooler weather. Despite the overlap in summer
distributions, during most years the distribution of caribou that calved in the western area
extended farther west then that of caribou that calved in the eastern area. However, during
summer 2004 almost all caribou that calved in the western area moved east of the
Sagavanirktok River in early July, and remained there until mid August (Fig. 15). Conversely,
3 collared caribou that calved in the eastern calving area moved into the western area during
early July 2004, where they remained until September. Distributions of both groups during
summer 2004 included areas farther east than during previous years, and encompassed much
of the coastal plain (1002 Area) of the Arctic National Wildlife Refuge (Fig. 15). This pattern
was less pronounced during 2003 and 2005, although much of the herd moved east of the
Sagavanirktok River during July of both years (Figs. 14 and 16).

Winter radiotracking surveys were conducted during the last week of February or early March
each year. Sixty percent of radiocollared cows and calves used wintering areas in the southern
Brooks Range during winter 2001-2002; this proportion increased to 87% during 2002-2003.
During 2003-2004 through 2005-2006, the proportions wintering in the southern Brooks
Range were 68, 69, and 54%, respectively. Most caribou wintering on the south side of the
Brooks Range were located along the southwestern boundary of the Arctic National Wildlife
Refuge (Fig. 17). Smaller numbers of radiocollared caribou wintered in the eastern section of
Gates of the Arctic National Park and Preserve during 2001-2002 and 2002-2003. Other
areas of winter concentration were located in the northern foothills of the Brooks Range, and
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However, if calving habitat were to become scarce, demographic effects likely would first be
evident in the western calving area, because some calving habitat there has been replaced by
high-density industrial infrastructure. If the reduction in calf size we noted in the western area
is primarily due to caribou density rather than the shift in calving distribution, then a similar
reduction would be expected to occur in the near future on the eastern calving area, where
high-quality habitat is presumably more abundant at present.

We did not find significant differences in survival rates between areas, despite the observed
differences in calf size and the relationship between calf mass and survival. However,
variances of our survival estimates were relatively large, especially during winter, when much
of the mortality occurred and when effects of reduced body condition would likely be most
important. Thus, these comparisons would be unable to detect small differences in survival
rates, although among ungulates, such small differences in survival can have significant
effects on population trends (Nelson and Peek 1984; Eberhardt 1985; Hern et al. 1990; Walsh
et al. 1995; Créte et al. 1996; Arthur et al. 2003). Physical parameters, such as body condition,
provide more sensitive measures with which to test for effects of disturbance and differences
in habitat quality.

Because of other changes that occurred during the period of oil field development, it is not
possible to determine whether the shift in calving distribution during the 1980s was a
response to development or an effect of the increase in herd size or some other cause. Thus,
the differences we noted between calves from the 2 calving areas do not necessarily imply
effects of industrial activity. However, our results suggest that there is sufficient variability in
habitat quality across the coastal plain to affect calf size, which may in turn affect calf
recruitment. If further increases in levels of anthropogenic disturbance cause caribou to
reduce their use of preferred habitats, it should be possible to detect effects of these changes
by measuring birth weights and growth rates of calves. If similar changes do not occur in
less-disturbed areas, then this may be taken as evidence of possible effects of disturbance.

FUTURE PLANS

Fieldwork for this project will conclude with the collection of calf growth and survival data
for the 2006 cohort of calves of GPS-equipped cows. These cows will be recaptured during
March 2007 and their collars recovered and replaced with conventional VHF radio collars.
Additional data analyses will include investigating habitat use by caribou calves during the
calving and postcalving (summer) periods by classifying calving locations (capture sites) and
calving distributions (fixed kernel models of radiotracking data) using a digital map of
vegetation communities (Muller et al. 1998; Wolfe 2000; Kelleyhouse 2001). In addition, data
from the GPS collars will be used to assess patterns of movement and habitat use by caribou
cows with calves during summer, and how these may be affected by industrial activity. If
sufficient funding is obtained, we plan to support a graduate research project to develop
detailed spatial models of caribou movements in relation to oil field infrastructure. These
models will be used to investigate potential effects of infrastructure on caribou movements
and habitat use during summer, and how these effects may influence calf growth and survival.
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