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We examined shelter and maternity dens used by 97 adult female polar bears (Ursus mar-
itimus) in relation to conditions of sea ice. Obligate use of maternity dens for pregnancy,
birth, and lactation varied little with latitude or area. In contrast, timing of facultative use
of shelter dens switched from autumn in the southern area (,708N) to winter in the northern
area (.758N). For the southern area, 13 of 16 female polar bears used shelter dens in
autumn versus winter (median dates of entry and exit, 11 September and 2 November; total
5 56 days), whereas in the northern area, 11 of 17 bears used shelter dens in winter versus
autumn (median dates, 24 December and 2 March; total 5 65 days). Difference in facul-
tative use of shelter dens was associated with conditions of sea ice. Southern regions had
no sea ice when polar bears used shelter dens. In contrast, northern areas had more constant
ice conditions that included presence of ice throughout the year. Southern regions seem to
have greater primary productivity and more seals as a result of a pronounced seasonal cycle
of annual ice. Polar bears in northern areas responded to the more constant ice conditions
and less productive environment with use of shelter dens during the period with lowest
seal accessibility.
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Adaptations to life at high latitudes in-
clude abilities to store somatic energy dur-
ing periods of food availability (i.e., hyper-
allometric scaling of reserves—Schultz and
Conover 1997) and reduce energy expen-
diture during periods when food is unavail-
able (Lyman 1963; Watts and Hansen
1987). Consequently, at high latitudes nat-
ural selection likely favors organisms that
can physiologically endure protracted peri-
ods of food shortages (Conover 1992; Dun-
brack and Ramsay 1993; Lindstedt and
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Boyce 1985). Bears apparently evolved in
high-latitude temperate regions that are
characterized by variable food availability
among seasons (Ferguson et al. 1996; Ly-
man 1963; Stirling and Derocher 1990). For
bears, the physiological adaptation to high-
ly seasonal environments is overwinter dor-
mancy or hibernation (Lyman 1963; Ram-
say et al. 1991). Nearly all brown bears
(Ursus arctos) and black bears (U. ameri-
canus) hibernate over winter because of
low availability of food (Pasitschniak-Arts
and Messier 1999).

The polar bear (U. maritimus) has
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evolved from the brown bear (Kurtén 1964;
Stirling and Derocher 1990). In contrast to
terrestrial bears, polar bears inhabit an en-
vironment with food available during win-
ter. As a result, overwinter dormancy in po-
lar bears is restricted to pregnant females
that use maternity dens for reproduction.
Maternity dens enable pregnant polar bears
to conserve energy and provide protection
for newborn cubs (Atkinson and Ramsay
1995; Messier et al. 1992; Watts and Han-
sen 1987). In contrast, polar bears of all
ages and sex may use snow shelters for 0.5–
4 months (Harington 1968; Koch 1930;
Pedersen 1942) and fast in a manner that is
physiologically similar to dormancy during
periods of food shortages (Watts and Han-
sen 1987). Thus, use of shelter dens is a
facultative strategy to reduce thermal stress
and energy expenditure during periods
when food is largely unavailable (Derocher
and Stirling 1990; Messier et al. 1994;
Ramsay et al. 1991). Polar bears are capa-
ble of entering a hibernationlike state at any
time of the year within 7–10 days after food
is removed (Derocher et al. 1990), an ad-
aptation not found among terrestrial bears.

We compared use of dens by polar bears
in 3 distinct zones of a larger Canada–
Greenland study area. Those zones varied
from more multiyear ice and less seasonal
changes in amount of open water (northern
zone) to more annual ice and greater sea-
sonal changes in amount of open water
(southern zone). We predicted that female
polar bears would exhibit different patterns
of use of shelter dens with differences in
length of the ice-free period. The assump-
tion was that food accessibility varied with
conditions of sea ice because the amount of
annual ice is positively associated with pri-
mary productivity and abundance of seals
(Arrigo et al. 1997).

First, we compared use of maternity and
autumn and winter shelter dens for differ-
ences in distance to coastline, differences
due to family status, and differences in the
chronology of den entry, den exit, and time
in dens. We predicted greater variability in

use of autumn and winter shelter dens rel-
ative to use of maternity dens. Second, we
compared use of autumn and winter shelter
dens among the 3 zones. We predicted
greater use of winter shelter dens and less
use of autumn shelter dens by polar bears
inhabiting northern areas relative to those
in southern areas. Third, we compared den-
ning behavior with ice characteristics
among the 3 zones using 3 trigonometric
measurements of changes in open water
(amplitude, mean level, and phase). We pre-
dicted that polar bears in areas with less
open water (lower amplitude, lower mean
level, and later start to open water season)
used winter shelter dens, whereas areas
with greater open water had polar bears that
used autumn shelter dens during the ice-
free period.

MATERIALS AND METHODS

Study area.—Our study area (2.3 3 106 km2)
extended from 608N to 808N and from 658W to
1108W (Fig. 1). The region was dominated by a
cycle of almost total ice cover in late winter and
minimum ice cover in September (Collin and
Dunbar 1964; Ferguson et al. 2000). The study
area was divided into 3 zones defined by con-
ditions of sea ice (Ferguson et al. 1998): a south-
ern zone in the South Baffin Bay-Davis Strait
area (,708N), a central zone in Lancaster
Sound-North Baffin Bay area (70–758N), and a
northern zone in the High Arctic area (.758N).
More open water occurred in the South Baffin
Bay-Davis Strait area than in other zones. The
South Baffin Bay-Davis Strait zone was domi-
nated by extreme seasonal fluctuations in sea-ice
cover (0–98% change) and consisted mostly of
annual ice (80%—Ferguson et al. 2000). Annual
ice formed and melted within a year whereas
multi-year ice remained for greater than a year.
In contrast, the northern zone was located within
the Arctic Archipelago and was characterized by
mostly multi-year ice (51%) and low seasonal
variation in ice cover (2–20% change—Fergu-
son et al. 2000). The Lancaster Sound-North
Baffin Bay zone was a transitional zone between
the extremes of the 2 other zones.

Seasonality of sea ice.—Ice characteristics
were derived from 12 monthly ice maps (MAN-
ICE 1994) for 1993 that were digitized for a
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FIG. 1.—Study area with locations of adult female polar bears that used a shelter den (circle) or a
maternity den (square), 1991–1997.

geographic information system. Ice-habitat maps
were overlaid on annual home ranges of polar
bears (adaptive kernel—Worton 1989) for polar
bears with a complete year of locational data
(individuals in maternity dens were excluded).
We calculated the proportion of multiyear ice,
annual ice, and open water in the annual home
range of each polar bear for each month (Fer-
guson et al. 1999). To avoid data dependence,
we did not use the percentage of land, and thus
habitat proportions did not sum to unity (Ae-
bischer et al. 1993). For example, percentage of
open water was calculated as area of open water
divided by area of sea ice and open water in a
home range.

We delineated 12 monthly periods to record
seasonal variation in ice phenology and used
sine-wave functions to assess seasonal variations
(Bowerman and O’Connell 1993; Ferguson et al.
2000). To assess seasonal variation, we used the
median location of annual movements of polar
bears. The amplitude increased with greater sea-
sonal changes of sea-ice cover. The phase of
each cycle was used to assess timing of the cycle
in relation to the calendar year.

Use of maternity and shelter dens.—We used
satellite telemetry to obtain locations of polar
bears every 4 or 6 days (Messier et al. 1994)
from a sample of 97 adult female bears that were
equipped with collar-mounted transmitters in

1991–1997 (Ferguson et al. 1997). Bears were
captured during spring (April–May, n 5 54) and
autumn (September–November, n 5 43) each
year from 1991 to 1995. In spring, 16 females
with cubs of the year, 17 females with yearlings,
6 females with 2-year-olds, and 18 solitary fe-
males were radiocollared. In autumn, 17 females
with cubs of the year, 9 females with yearlings,
3 females with 2-year-olds, and 14 solitary fe-
males were radiocollared. We used movement
data for 97 adult female polar bears over 162
bear-years from 1991 to 1997. Thirteen bears
were monitored during 1991, 31 in 1992, 53 in
1993, 49 in 1994, 17 in 1995, and 5 in 1996.

Use of maternity and shelter dens was as-
sessed from the locational and sensor data trans-
mitted from radiocollars. Two sensors located in
the collar transmitted information on internal
temperature of the collar and activity of the bear
during the previous 24 h (Messier et al. 1994).
To minimize the degree of dependence among
data, only 1 set of sensor data and 1 location per
day were kept for each bear. Denning and shel-
tering by a radiocollared bear was determined
from a series of stationary locations, reduced
levels of activity, and higher than seasonal tem-
peratures of collars (Messier et al. 1994). We
estimated date of emergence from a den as the
middle date between the last location in a den
and the 1st movement.
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We recorded family status at the time of cap-
ture as females with cubs of the year, females
with 1-year-olds, females with 2-year-olds, and
solitary adult females (51 years). We also were
able to confirm subsequent family status of ra-
diocollared bears from recaptures (n 5 23). We
assumed that a recaptured female with cubs of
the year was solitary the previous year. A recap-
tured female with yearlings was assumed to
have been accompanied by cubs of the year the
previous year. If maternity denning was con-
firmed from telemetry data, then that female was
considered to have cubs of the year the follow-
ing year. Females that were captured initially
with cubs of the year and did not enter a mater-
nal den were assumed to be accompanied by
yearlings the following year. Those assumptions
were applied to 42 bear-years of data (26% of
recorded family status was determined without
visual verification) and were based on the find-
ing that female polar bears in this region tended
to follow a regular 3–4-year reproductive cycle.
Mature females gave birth to cubs in mid-De-
cember and nursed their young for 2–3 years
before mating again during the following spring.
To avoid data dependence, we ensured that fam-
ily status had changed if data from .1 year was
used for the same bear. For our purposes, a year
began and ended in the spring (1 June).

We recognized types of denning activity.
First, use of shelter dens referred to a short pe-
riod (.14 days and ,4 months) of confinement
in a snow den or a snow pit by a bear for pur-
poses other than reproduction (Messier et al.
1994). Second, use of maternity dens referred to
occupation of a den for .5 months when preg-
nancy, birth, and early lactation were assumed
to have occurred. Use of shelter dens also could
be subdivided into 2 types. First, autumn shelter
dens were used from August to January (entry
date before 1 December) apparently to avoid
heat stress while on land during the ice-free pe-
riod. Second, winter shelter dens were used from
December to March (entry date after 1 Decem-
ber) apparently to avoid inclement weather or
reduce energy expenditure during periods of re-
duced food availability (e.g., thick overwinter
ice characteristic of the northern zone). We ex-
cluded use of shelter dens following autumn
capture in analyses because we generally cap-
tured active bears. Autumn capture may have
been biased toward bears not using either shelter
or maternity dens during a year. Thus, bears cap-

tured after 15 September were analyzed for den-
ning activity only for subsequent years.

Data analysis.—Our data generally failed to
meet the assumption of normality, and transfor-
mations did not improve the fit (Shapiro–Wilk
test: W , 0.95, P , 0.002). Therefore, we used
nonparametric tests (SAS Institute Inc. 1990).
When reporting nonparametric statistics (i.e.,
dates), we give the median with 25% and 75%
quartile values. Distance data were given as X̄
6 1 SE.

First, we described the family status of female
polar bears radiotracked over time and their use
of maternity and shelter dens. We used Mann–
Whitney 2-sample tests (Z) to compare distance
to coastline for use of maternity and shelter
dens. We used a chi-square test to test for dif-
ferences in use of dens with family status. No
bias in sampling of the 3 zones occurred as in-
dicated by no significant differences in family
status of polar bears with radiocollars captured
among the 3 zones (x2 5 16.4, d.f. 5 2, P 5
0.25).

Second, we described the chronology of use
of maternity and shelter dens. We used Spear-
man rank-order correlations (rs) to compare tim-
ing of entry and exit of dens with latitude. We
used Mann–Whitney 2-sample tests to compare
time spent in shelter dens in autumn and winter.

Third, we compared denning behavior and ice
conditions among the 3 zones. We used Spear-
man rank-order correlations to compare 3 trig-
onometric measures of changes in the amount of
open water with latitude: amplitude, as a mea-
sure of the amount of seasonal change; mean
level, as a measure of the amount of open water;
and phase, as a measure of changes in start of
the open water season. We used a chi-square test
to compare use of autumn and winter shelter
dens among the 3 zones.

RESULTS

We obtained information on use of 48
maternity dens and 45 shelter dens by 97
adult female polar bears tracked over 162
bear-years from spring 1991 to fall 1997
(Table 1). We observed 3 instances in
which the same bear used a shelter and a
maternity den in the same year and 3 in-
stances in which a bear used a shelter den
in both autumn and winter during the same
year. Most bears were females with cubs of
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TABLE 1.—Percentages (n) of adult female polar bears in Canadian–Greenland Arctic that used
shelter dens (facultative) or maternity dens (obligatory) according to family status, 1991–1997.

Family status
in spring

No use
of den

Use of shelter densa

Autumn Winter
Use of

maternity dens
Percentage
of sample

Solitary
With cubs of the year
With 1-year-olds
With 2-year-olds

11.1 (5)
72.5 (37)
46.3 (19)
32.0 (8)

14.4 (6.5)
8.8 (4.5)

25.6 (10.5)
0.0 (0)

14.4 (6.5)
19.6 (9.5)

8.5 (3.5)
16.0 (4)

60.0 (27)
0.0 (0)

19.5 (8)
52.0 (13)

27.8 (45)
31.5 (51)
25.3 (41)
15.4 (25)

Total 42.6 (69) 13.3 (21.5) 14.5 (23.5) 29.6 (48) 100.0 (162)

a For 3 female polar bears that used a shelter den in autumn and winter during the same year, we split the sample (n 5 0.5 for
use of a shelter den in autumn and n 5 0.5 for use of a shelter den in winter). For 3 female polar bears that used a shelter den
and a maternity den in the same year, we include their use of maternity den only.

FIG. 2.—Seasonal timing of use of maternity
dens by female polar bears according to latitude,
1991–1997. Median den entry date was 15 Sep-
tember and median exit date was 20 March.
Each thin line represents a bear that was tracked
for 1 year and entered a maternity den (thick
horizontal line). Y-axis is sorted according to
latitude.

the year (32%), followed by solitary fe-
males (28%), females with yearlings (25%),
and females with 2-year-olds (15%; Table
1). Use of maternity dens never occurred
for females with cubs of the year, seldom
occurred for females with 1-year-old off-
spring in spring (20%), but was likely for
females seen with 2-year-old offspring in

spring (52%) or solitary females (60%; Ta-
ble 1).

The likelihood of using a shelter den dif-
fered with family status (x2 5 8.54, d.f. 5
2, P 5 0.014; Table 1). Females with cubs
of the year seldom used a shelter in autumn
(9%) or winter (20%). Some females with
1-year-olds used shelter dens in autumn
(26%) or winter (9%). Females accompa-
nied by yearlings over winter and solitary
females were more likely to use a shelter
(53%) than were females with cubs of the
year (29%).

All maternity dens were located on land
(Fig. 1). All shelter dens in autumn were on
land, and all but 1 winter shelter, located 11
km from Cape York (Fig. 1), was on land.
Maternity dens were located farther inland
(11.9 6 1.5 km, n 5 48) than were shelter
dens (6.6 6 0.7 km, n 5 43; Z 5 22.4, d.f.
5 43, 48, P 5 0.002).

Chronology of den use.—Timing of entry
to maternity dens was variable, with median
date of entry of 15 September (1 Septem-
ber–7 October, n 5 48). In contrast, date of
exit from maternity dens was less variable
with the median exit date of 20 March (15–
28 March, n 5 38). Time spent in maternity
dens was 180 days (range, 163–200 days;
n 5 38). Bears entered maternity dens later
at high latitude than at low latitude (rs 5
0.33, P 5 0.02, n 5 48; Fig. 2). Date of
exit was not related to latitude (rs 5 0.05,
P 5 0.75, n 5 38).

We found evidence of a latitudinal pat-
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FIG. 3.—Seasonal timing of use of autumn
(light shading) and winter (dark shading) shelter
dens by female polar bears (thick horizontal
bars) according to latitude, 1991–1997. For use
of shelter dens in autumn, median entry date was
11 September, median exit date was 2 Novem-
ber, and entry was before 1 December. For use
of shelter dens in winter, median entry date was
24 December, median exit date was 2 March,
and entry was after 1 December. Each thin line
represents a bear that was tracked for 1 year and
excludes females that used maternity dens. Y-
axis is sorted according to latitude.

FIG. 4.—Monthly changes in percentage of
open water in home ranges of polar bears for 3
zones in the Arctic. The southern zone is char-
acterized by greater amplitude in seasonal flux
of annual ice versus open water.

tern in entry, exit, and amount of time in
autumn shelter dens. For autumn sheltering,
female bears in northern areas entered shel-
ter dens later (rs 5 0.45, P 5 0.03, n 5 24)
and exited shelter dens later (rs 5 0.47, P
5 0.02, n 5 23) than did bears in other
zones. Female polar bears entered autumn
shelter dens in mid-September (median
date, 11 September; range, 29 August–26

September; n 5 22) and exited near the be-
ginning of November after freeze-up (me-
dian date, 2 November; range, 24 October–
28 November; n 5 21; Fig. 3). Average
time spent in shelter dens in autumn was 56
days (range, 50–70 days; n 5 21).

We found no evidence of a latitudinal
pattern in entry, exit, and amount of time
in winter shelter dens. For winter shelter-
ing, female bears exhibited no latitudinal
pattern in date of entry (rs 5 20.15, P 5
0.44, n 5 23) or exit (rs 5 0.13, P 5 0.52,
n 5 22). Female polar bears entered winter
shelter dens in late December (median date,
24 December; range, 12 December–14 Jan-
uary; n 5 28) and exited near the beginning
of March (median date, 2 March; range, 7
February–8 March; n 5 27). Average time
spent in shelter dens in winter was 65 days
(range, 35–86 days; n 5 21). Time spent in
shelter dens in autumn and winter did not
differ (Z 5 0.04, d.f. 5 21, 27, P 5 0.97).

Comparing ice conditions and den use.—
A cline in sea-ice conditions in home rang-
es of polar bears occurred over the study
area, with the northern zone exhibiting less
seasonal variation in ice cover (Fig. 4).
Northern areas had less seasonal changes in
the amplitude of open water (rs 5 20.30, P
5 0.02, n 5 87). Northern areas had less
open water throughout the year (mean level,
.30% water; rs 5 20.32, P 5 0.01, n 5
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FIG. 5.—Percent occurrence of adult female
polar bears that used shelter dens in autumn or
winter within 3 latitudinal zones of the Arctic,
1991–1997.

87). Northern areas had a later start to the
open-water season (i.e., phase rs 5 0.39, P
, 0.01, n 5 87).

Whether female polar bears used a shel-
ter den in autumn or winter varied with lat-
itude (Fig. 5). Fifty-one of 120 nonpregnant
females used a shelter facultatively. Com-
paring 3 latitudinal zones (,708N, 70–
758N, .758N), we found that use of shelter
dens in autumn decreased with latitude but
use of shelter dens in winter increased (x2

5 21.3, d.f. 5 4, P , 0.001; Fig. 5). Thus,
bears were more likely to use shelter dens
in winter in the northern zone and in au-
tumn in the southern zone.

DISCUSSION

Within our study area, a cline in season-
ality of sea-ice conditions resulted in a cline
in use of shelter dens by female polar bears.
The polar bear is the most carnivorous of
the bears and feeds primarily on ringed
seals (Phoca hispida), the most available
prey in the ice-covered Arctic Ocean (Stir-
ling and McEwan 1975). In our study area,
a cline occurred with higher seal densities
found in the southern area of South Baffin
Bay–Davis Strait, lower seal density in the
central area (Lancaster Sound–North Baffin
Bay), and the lowest densities recorded for
the High Arctic area .758N (Stirling and
Øritsland 1995). Densities of ringed seals

vary in response to overall productivity of
the ecosystem (Stirling and Lunn 1998).
Regions covered with multiyear ice are
considerably less productive than areas that
fluctuate seasonally between annual ice and
open water. Annual primary productivity in
areas with 1-year ice is 27 times that of
areas with multiyear ice (Arrigo et al.
1997). Areas of annual ice also have 4–8
times greater primary productivity than ar-
eas of open water at the same latitudes, in-
dicating that the flux of seasonal ice en-
hances productivity (Nicol and Allison
1997; Savidge et al. 1996) and results in
greater seal density (Stirling and Øritsland
1995). Density of polar bears was correlat-
ed with density of ringed seals (Stirling and
Øritsland 1995). The physiological re-
sponse to decreasing food availability dur-
ing winter in northern areas also may influ-
ence use of shelter dens in winter by many
nonpregnant female polar bears.

Polar bears exhibited physiological plas-
ticity to accommodate changes in environ-
mental conditions and energy availability.
In northern areas, bears have responded to
decreased food availability during winter
with lower activity to conserve energy
(Messier et al. 1992). In southern areas,
bears have responded to the greater season-
al variation in ice conditions with faculta-
tive use of shelter dens during late summer–
early autumn. Use of shelter dens in winter
increased with latitude, as did the amount
of time spent in shelter dens, possibly as a
result of low seal densities in northern ar-
eas.

Polar bears adopt space-use strategies
along a continuum from small home ranges
when living in areas of low food availabil-
ity and predictable environments to large
home ranges when living in areas of high
food availability but unpredictable disper-
sion of food (Ferguson et al. 1999). For ex-
ample, in the northern zone the overall
availability of seals is lower but seasonal
variation is less. Polar bears living in the
northern zone tended to use shelter dens in
winter and have smaller home ranges. Use
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of shelter dens in winter may have occurred
because of the overall low seal density and
the greater proportion of adult seals, which
are more difficult to hunt. Polar bears also
may use shelter dens in winter to take ref-
uge from storms, although females with
cubs were the least likely to use winter shel-
ters. In contrast to polar bears in northern
areas, those in southern areas move greater
distances to take advantage of areas of seal
pupping in spring and concentrations of ju-
venile seals in winter. Bears on land in au-
tumn use shelter dens to escape heat, and
they move to high elevations where precip-
itation falls as snow rather than rain.

In all but 1 study (Amstrup and Gardner
1994), the majority of maternity dens were
discovered on land in coastal areas adjacent
to areas with high seal density in spring
(Harington 1968; Stirling and Andriashek
1992; Uspenski and Kistchinski 1972). Ma-
ternity dens were scattered across the study
area, with the only concentration occurring
along Cumberland Peninsula (Ferguson et
al. 1997; Stirling et al. 1980). We found all
maternity dens on land. Similarly, all ma-
ternity dens located in Viscount Melville
(Messier et al. 1994), Svalbard (Wiig 1995),
Hudson Bay (Ramsay and Stirling 1990),
eastern Beaufort Sea (Stirling and Andri-
ashek 1992), Baffin Island (Ferguson et al.
1997), Russian Arctic (Garner et al. 1990;
Uspenski and Kistchinski 1972), and
Greenland (Born et al. 1997) were on land.
Our results agree with those of other studies
in the Arctic (.608N) in that maternity dens
were located ,20 km from the coast (Har-
ington 1968; Larsen 1985; Uspenski and
Kistchinski 1972) and generally only a few
kilometers from the coast (Born et al. 1997;
Ferguson et al. 1997; I. Stirling et al., in
litt.). These findings contrast with the ma-
jority of maternity dens located .20 km in-
land along the coast of Hudson Bay (Ko-
lenosky and Prevett 1983; Stirling and
Ramsay 1986; Stirling et al. 1977). Relative
to the coastline on Hudson Bay, northern
Arctic coastlines generally are characterized
as rugged with high elevations.

Researchers have seldom reported use of
shelter dens in winter for polar bears, prob-
ably because of the difficulty of making ob-
servations during winter darkness. Only re-
cently has satellite telemetry made obser-
vations of use of shelter dens in winter pos-
sible. For example, the Arctic Archipelago
(e.g., Viscount Melville) area is character-
ized by mostly multiyear ice with fewer
seasonal changes in ice characteristics (Fer-
guson et al. 2000; Messier et al. 1992).
Thus, we expected female polar bears from
the western Arctic Archipelago to use shel-
ter dens in winter more often than bears
from our study area. Female polar bears in
our study area were less likely to use shelter
dens (43%) than were bears tracked in the
Viscount Melville area (60%—Messier et
al. 1994). We recorded only 1 of 48 shelter
dens on sea ice compared with 6 of 20 shel-
ter dens in the Viscount Melville area
(Messier et al. 1994). We found less use of
shelter dens by females with cubs of the
year relative to other females, whereas use
of shelter dens did not differ with family
status in the Viscount Melville area (Mess-
ier et al. 1994).

Polar bears probably use shelter dens in
areas with reduced food availability during
winter. During autumn, availability of mul-
tiyear ice at high latitudes permits contin-
ued access to seals; hence, use of shelter
dens in autumn is rare. Similarly, seals are
available and more abundant during winter
in southern areas precluding the need to
shelter in winter. In southern areas, produc-
tive waters become ice free during autumn,
and bears often shelter in autumn in re-
sponse to inaccessibility of food. In our
study area, a trend in use of shelter dens in
winter by female polar bears paralleled
changes in seasonal variation of ice condi-
tions.
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