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Abstract: We investigated patterns of space use by polar bears (Ursus maririmus) in and around Auyuittuq National 
Park, Northwest Territories, during the ice-free period in 1991 - 1995, using satellite telemetry and capture locations. 
Female polar bears showed general fidelity to the region but no site-specific fidelity. The pattern of sea-ice ablation 
influenced when and where bears were forced to leave the ice for land, usually at the end of August. While awaiting 
the returh of sea ice, bears conserved energy by reducing movement and activity. Bears left the land after ice formed 
that was strong enough to support them, usually in mid-November. During the ice-free period, females with cubs of the 
year were farther inland, closer to fjords, and less likely to use islands than were males. Males found close to females 
with cubs of the year were thinner than the average male, suggesting that segregation may result from the threat of 
intraspecific predation. Females with cubs of the year left the ice for land earlier than other classes of bears and rarely 
used snow shelters. After about 1 week on land, pregnant females entered a maternal den for the winter. Unlike those 
in other polar bear populations, most females with 1-year-olds entered a shelter after about 3 weeks on land and 
remained there for about 2 months. Dens and shelters were located at high elevations and far from the coast, and 
sheltering bears weighed more than nonsheltering bears. 

RCsumC : Nous avons utilise la telCmCtrie par satellite et les lieux de capture pour etudier I'utilisation de l'espace chez 
I'Ours blanc (Ursus maririmus), dans le parc national d'Auyuittuq, Territoires du Nord-Ouest, et dans la region 
environnante, pendant les periodes sans glace, de 1991 a 1995. Les femelles sont genkralement fidkles a la region, mais 
pas a un site en particulier. Le pattern de disparition des glaces influence gkneralement le moment et le lieu oh les ours 
sont forces de quitter les glaces pour la terre ferme, ordinairement h la fin du mois d'aoQt. En attendant le retour de la 
glace de mer, les ours conservent leur knergie en rkduisant leurs dkplacements et leurs activites. Les ours quittent la 
terre ferme aprks la formation de glace assez forte pour les supporter, ordinairement vers la mi-novembre. Durant la 
piriode sans glace, les femelles avec des petits de I'annke vont plus loin sur la terre ferme, se rapprochent des fjords et 
sont moins enclines a frequenter les iles que les miles. Les miles qui se tiennent prks des femelles avec des petits de 
l'annee sont plus maigres que la moyenne, ce qui semble indiquer que la segregation peut entrainer la menace de 
predation intraspkcifique. Les femelles avec des petits de I'annCe quittent les glaces pour la terre ferme plus t6t que les 
autres classes d'ours et utilisent rarement des abris de neige. Au bout d'environ 1 semaine sur terre, les femelles 
enceintes gagnent une tanikre maternelle pour I'hiver. Contrairement ce qui prkvaut chez les autres populations d'Ours 
blancs, la plupart des femelles de cette population avec des petits de 1 an gagnent un abri aprks environ 3 semaines sur 
la terre ferme et y demeurent durant environ 2 mois. Les tanikres et les abris sont situes en terrain eleve et loin de la 
c6te et les ours abritks ont une masse plus grande que les ours qui n'utilisent pas d'abri. 
[Traduit par la Redaction] 

Introduction polar bears and the labile nature of their sea-ice landscape. 
Still, polar bears display some form of seasonal fidelity to 

Unlike terrestrial bears and most carnivorous mammals (Burt specific areas of sea ice (Stirling et al. 1975, 1977; 
1943; Sanderson 1966; Pearson 1975 ; Craighead 1976: Schweinsburg et al. 1982; Schweinsburg and Lee 1982; 
Sandell 1989), polar bears ( u r s u s  maritimus) do not defend Garner et al. 1990),  and defence behaviour toward localized 
their home ranges against conspecifics (Ramsay and Stirling resources (food, den sites, mates) may occur. Space use by 
1988)- Lack of defence likely reflects the low density of bears may be different on land from when they are on 
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Ice. owing to the differing social and ecological conditions 
encountered. The differences include a relatively high 
density of bears, constant landscape features, and reduced 
access to prey. 

Land use by polar bears in the Hudson Bay area has been 
examined by Stirling et al. (1977), Knudsen (1978),  Latour 
(198 l ) ,  Derocher and Stirling (1990),  Ramsay and Hobson 
(199 l ) ,  and Derocher et al. (1993). However, only limited 
research has been conducted in more northerly latitudes dur- 
ing the ice-free period (Harington 1968; Schweinsburg 1979; 
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Fig. 1. Locations of polar bears captured in the Auyuittuq National Park study area, 1991 - 1995. Inset: Location of study area 
(64 -69"N, 61 -72"W) on Baffin Island, Northwest Territories, Canada. 

70 65"W 

Stirling et al. 1980). Baffin Bay has a counterclockwise 
marine current of seasonal ice formation and breakup that 
brings most bears to the southwest portion of the bay. The 
northeast coast of Baffin Island is characterized by many 
glaciers, mountainous terrain rising to >2000 m, and 
many long fjords. During the ice-free period, bears segregate 
according to age, sex, and reproductive status (Derocher and 
Stirling 1990), perhaps to minimize predation on family 
groups by adult males (Taylor et al. 1985) and to allow preg- 
nant females to excavate maternity dens. 

The ice-free season generally lasts for 2 - 3 months on the 
northeast coast of Baffin Island. We describe the segregation 
of polar bears by sex and reproductive class during the ice- 
free period in and around Auyuittuq National Park in relation 
to regional philopatry, pattern of sea-ice ablation and forma- 
tion, habitat selection, avoidance of conspecifics, and selec- 
tion of den and shelter sites. These patterns are of particular 
interest in Auyuittuq National Park because of the potential 
for bear - human conflict (Gjertz and Persen 1987; Fleck and 
Herrero 1988). 

Study area 

The study area is centred on Auyuittuq National Park, 64-69"N, 
61 -72"W, and includes Cumberland Peninsula on Baffin Island 
(Fig. 1). Baffin Island is devoid of trees and continuous vegetation 
covers 15% of the park area, primarily in valley bottoms and on 

lower slopes (Gray 1989). Upland and mountainous areas that are 
not glaciated have little soil and are poorly vegetated (Polunin 
1948). 

The Canadian arctic climate is characterized by long cold winters 
and short cool summers. High topography results in increased 
precipitation, particularly along the seaward tip of Cumberland 
Peninsula (Dunbar and Greenaway 1956). Mean annual precipita- 
tion ranges from 245 mm (Dewar Lakes) to 663 mm (Cape Dyer; 
Seidel 1987). The high latitude, steep-walled fjords and rugged 
glaciated mountains create complex and unpredictable weather 
patterns (Seidel 1 987). 

The pattern and timing of breakup and freeze-up of sea ice in the 
Auyuittuq region vary considerably among years (e.g., Jacobs and 
Newel1 1979). In June, the ice begins to melt rapidly. Because of 
the prevailing winds and cyclonic current, the pack ice remaining 
at the beginning of August extends from Cape Dyer to Clyde and 
northward to near latitude 74"N (Fig. 2). This remaining pack ice 
typically clears completely by the second week of September 
(2 July - 2 October 1953- 1986 at Clyde River; Cote 1992). 
The remaining ice on Baffin Bay congregated and remained in the 
Auyuittuq vicinity for about a month longer than in other areas and 
varied in extent from a small area in 1991 to extensive coverage in 
1993 (Fig. 2). Home Bay and Cumberland Sound were consistently 
the first areas to clear of ice and Cape Dyer was generally the last 
area to become ice-free. New ice forms first in fjords, bays, and 
inlets, and by the second half of November it spreads southward 
along the coast of Baffin Island. By the end of November, most of 
Baffin Bay is ice covered (median ice cover, mean data for 1960- 
1990; Environment Canada 1987). 
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Fig. 2. Inter-annual variability in the extent of pack ice (shaded) off the northeast coast of Baffin Island in mid-August 1991 - 1995. 
Points of entry of polar bears onto land from sea ice (arrows) were determined by satellite telemetry. 

Methods 

We documented polar bear movements and habitat use from cap- 
tures during autumn and locations of female bears equipped with 
satellite radio collars (hereafter referred to as telemetry) from 
16 August to 3 1 November 1991 - 1995. Captures were made in 
September-October using a Bell 206L helicopter and darting 
equipment (Stirling et al. 1989). We did not systematically survey 
the entire study area each year, owing to weather and logistic 

problems, and flight paths generally covered coastal areas more 
than inland areas. Another potential bias is that the capture data 
underrepresent sheltering and denning bears because of difficulty in 
locating snow shelters. We recorded age, sex, morphometric mea- 
sures, location, date, and accompanying animals. We measured 
axillary girth behind the forelegs to the nearest centimetre. We used 
male- and female-specific equations to estimate mass from the axil- 
lary girth measurement (Kolenosky et al. 1989). We measured 
straight-line body length from tip of nose to base of tail, not follow- 
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Table 1. Classification by sex and reproductive class of polar bears captured in and around 
Auyuittuq National Park, 199 1 - 1995. 

Cubs of the Females with 
year and cubs of the Females with Solitary 

Year 1 -year-olds Subadults year 1 -year-olds females Males Total 

Total 115 59 4 8 22 7 76 327 

Note: Subadults were 2-4 years of age; females and males were 2 5  years of age. 

ing the curvature of the spine. Ageing was done using a vestigial 
premolar (Grue and Jensen 1979) and sex and reproductive classes 
were recorded as females with cubs of the year, females with 
1-year-olds, solitary adult females (5 + years), subadult males and 
females (2 -4 years old), and adult males (5 + years). Female polar 
bears in this region tended to follow a regular 3-year reproductive 
cycle. Mature females gave birth to cubs in mid-December and 
nursed their young for about 2 years before mating again during the 
following spring. 

Mature females weighing > 100 kg were equipped with satellite 
collars (Telonics, Inc., Mesa, Arizona, U.S.A.) that weighed 
1.5 - 1.7 kg and had an expected life of 20-24 months. Information 
was transmitted to a satellite for 8 h every 2, 4, or 6 days depending 
on the duty cycle of the transmitter. The decimal latitude - longitude 
coordinates received via satellite were transformed to Universal 
Transverse Mercator coordinates using SPANSTM GIs (Intera Tydac 
Technologies, Inc. 1991). Two sensors located in the collar also 
transmitted information on the internal temperature of the collar 
circuitry and the activity level during the previous 24 h (Messier 
et al. 1994). To minimize the degree of dependence among data, 
only one set of sensor data and one relocation per transmission 
period (i.e., 8 h every 2 , 4 ,  or 6 days; see Messier et al. 1994) were 
kept for each bear. Activity data were converted to percentage of 
the day spent active and then arcsine square root transformed. For 
similar topography, Keating et al. (1991) estimated the 68 percen- 
tile errors at 1.2 km for good-quality locations (factor 1-3). 

The minimum distance travelled by each polar bear between two 
successive locations was calculated as the straight-line distance 
between the points. The mean seasonal rate of movement for each 
polar bear was calculated by summing the lengths of line segments 
and dividing by the corresponding time interval for bears with > 10 
locations from mid-August to 3 1 October, excluding periods spent 
in dens or shelters. Date of entry and exit from land was determined 
as the midpoint date between locations specific to such movements. 

We recognized two kinds of snow denning: "sheltering" refers 
to a short period ( > 7  days and < 3  months) of confinement in a 
snow den or a snow pit by a bear for purposes other than reproduc- 
tion (Messier et al. 1994), and "denning" refers to the use of a 
maternity den for about 6 months when pregnancy, birth, and early 
lactation occurred. Denning and sheltering activity of bears cap- 

characteristics were determined using a geographic data base devel- 
oped with SPANSTM by Heritage Canada Parks Service for the area 
in and around Auyuittuq National Park. Distances to coastline and 
fjords, elevation, and use of islands and glaciers were calculated 
using GIs. 

We used nearest neighbour analysis to investigate conspecific 
avoidance or attraction among sex and reproductive classes. For 
1993 (n = 53), 1994 (n = 66), and 1995 (n = 73) captures, we 
used the geographic location of marked polar bears to calculate the 
shortest distance from a polar bear to its nearest marked neighbour, 
as well as recording the sex and reproductive class of that neigh- 
bour. Since we found no differences among years (x:, = 15.5, 
P = 0.1 l ) ,  the statistical results from each capture survey in 
1993 - 1 995 were pooled for analyses. 

Data were analyzed using SAS (SAS Institute Inc., Cary, N.C.) 
statistical software. We pooled data on habitat selection, movement, 
and activity among years to assess general patterns (Kruskal- 
Wallis test (KW): X: = 9.9-5.0, 0.043 > P < 0.29; distance to 
the coast was marinally significant). We used mean activity of 
each bear for each period and included only animals with greater 
than 14 readings pe;season. If differences wkre found with analysis 
of variance (ANOVA; F,,), then Tukey's multiple-comparison 
tests were performed. KW (using X2 approximation; xi,) and 
Mann - Whitney tests (MW; Z,,  ,,,,) were used for most compari- 
sons, as data distributions were highly skewed. The X2 test was 
used to test for independence of sex and reproductive class between 
nearest neighbours. We also calculated Spearman's rank-correIation 
coefficients (SR; r,) between date of capture, latitude, longitude, 
size of islands, elevation, and distance to coast and fjords. Values 
are reported as mean f SE unless stated otherwise. 

Results 

We captured 327 bears (Fig. 1, Table 1). Adult body masses 
were lowest for females with cubs of the year (244 + 8 kg, 
n = 34), followed by females with 1-year-olds (270 f 
13 kg, n = 14) and then solitary adult females (377 f 5 1 kg, 
n = 3; KW: Xi = 9.17, P = 0.01). In contrast, total length 
(KW: X $  = 3.50, P = 0.17) and age (KW: x: = 1.73, P > 

tured after 15 September was analyzed onry for subsequent 0.40) dih not vary among the three reproduciive classes for 
Denning and sheltering by a bear was determined from a series of 
stationary locations, reduced levels of activity, and higher than 
seasonal temperatures of collars (see Messier et al. 1994). We esti- 
mated date of entry into a den or shelter as the midpoint date 
between the last location associated with movement and the first 
location at a den or shelter. We estimated date of emergence from 
a shelter as the midpoint date between the last location at a shelter 
and the first movement. 

To test for segregation of polar bears while on land we used 
telemetry locations and capture sites. Availability and use of habitat 

adult females. 
We equipped 26 female polar bears with satellite collars: 

4 in 1991, 8 in 1992, 6 in 1993, 2 in 1994, and 6 in 1995, 
for a total of 48 bear-seasons. For female polar bears, telem- 
etry locations and capture sites did not differ in latitude 
(MW: z46,473 = 1.57, P = 0.12), longitude (MW: z46,473 = 
1.78, P = 0.08), distance to the coast (MW: z46,473 = 0.07, 
P = 0.94), or distance to fjords (MW: z34,384 = 1.58, 
P = 0.1 l) ,  but differed in elevation (mean = 298 m for 
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Fig. 3. Site fidelity of radio-collared female polar bears assessed during successive ice-free periods. The arithmetic centre points of 
locations for active bears (a), shelters (m), and den sites ( A )  are depicted for 6 bears. 

telemetry locations versus 200 m for capture locations; MW: to 15 November (range = 29 October - 1 December). 
z46,473 = 2.67, P < 0.01). Fifteen of the 16 points of entry (1992- 1995) onto land for 

radio-tracked bears were associated with the pack ice 

Site fidelity 
Female polar bears equipped with satellite collars did not 
show strong site fidelity in autumn while on land (Fig. 3). 
The distance between successive median centre points of all 
autumn locations or the den or shelter location was 148 km 
(SE = 26 krn, n = 22). Seven bears had successive annual 
denning or sheltering bouts in autumn and the mean distance 
between sites was 199 km (SE = 51 km). 

remaining in mid-August (Fig. 2). Timing of entry onto land 
was related to reproductive status of females (KW: X: = 
6.78, P = 0.03). Females with cubs of the year left the ice 
first (8 August, range = 26 July - 15 August; n = 4), 
followed by females with 1-year-olds (22 August, range = 
8 August - 5 September, n = 7) and solitary adult females 
(28 August, range = 14 August - 16 October; n = 9). Soli- 
tary adult females (n = 7) that were to den left the ice later 
(1 September, range = 14 August - 16 October). Latitude 
also had an effect, with pols; bears located farther south 

Timing of leaving ice and land arriving on land earlier than bears located farther north (SR: 
On average, polar bears were on land in the Auyuittuq region r, = 0.64, n = 20, P = 0.002). Females about to den were 
for 84 days, from 23 August (range = 25 July - 18 October) on land for a mean of 9 days (n = 7) before entering a den 
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Fig. 4. Observed (bar) and expected (line) frequencies of polar 
bears of different sex and reproductive classes as nearest 
neighbours for males ( + 5  years) and subadults (2-4 years) in 
the Auyuittuq National Park area in 1993 - 1995. FC, female 
with cubs of the year; F1, female with 1-year-olds; FS, solitary 
female; M, male; SA, subadult. Significant differences 
(X:, P < 0.05) are denoted by an asterisk. 

cn Y 

MALES SUBADULTS 

compared with 24 days (n = 11) for females that used a 
shelter, although this difference is not significant (MW: 
z7,11 = - 1.27, P = 0.20). 

Timing of leaving the land and returning to the ice gener- 
ally coincided with freeze-up. Polar bears left the land at 
about the same time (SE ranged from 1 day in 1995 to 8 days 
in 199 1) regardless of reproductive class (KW: Xi = 0.1 1, 
P = 0.94)orlatitude(SR: r, = -0.04,n = 32, P = 0.82). 
Freeze-over occurred in early November (mean = 6 Novem- 
ber; range = 15 October to 26 November, Clyde River, 
1954 - 199 1 ; Cote 1992). While on land, polar bears moved 
closer to the coast and to fjords as the time of freeze-up 
approached. This pattern was indicated by the negative 
correlation between distance to the coast of capture sites and 
Julian date (SR: r, = -0.12, n = 327, P = 0.03) and dis- 
tance to fjords and Julian date (SR: r, = -0.17, n = 268, 
P < 0.01). 

Segregation 
Environmental differences likely affect the sex and reproduc- 
tive class distribution of polar bears. Larger islands occurred 
farther south (size of island versus latitude, SR: r, = 
-0.631, P > 0.001; n = 102) and east (longitude, SR: 
r, = -0.613, P > 0.001; n = 102). Not only did more 
large islands occur toward the end of Cumberland Peninsula 
but this area also includes some of the most rugged terrain. 
For all sex and reproductive classes, elevation at capture 
was negatively correlated with latitude (SR: r, = -0.631, 
P > 0.001; n = 102) and longitude (SR: r, = -0.613, 
P > 0.001; n = 102). Distance to the coast for captured 
bears was similarly negatively correlated with latitude (SR: 
r, = -0.122, P = 0.03; n = 327) and longitude (SR: r, = 
-0.193, P = 0.004; n = 327). Therefore, bears captured 
along the northeastern tip of Cumberland Peninsula were 
found farther from the coast and at higher elevations relative 
to the more western and northern region of the study area. 

For capture sites, we found no significant differences in 
elevation for the different sex and reproductive classes (KW: 
x: = 2.34, P = 0.80). However, telemetry results indicated 
that solitary adult females, most of which were about to den, 
were at higher elevations than other females (KW: mean ele- 
vation = 434 m, n = 72, for solitary adult females versus 
280 m, n = 415, for females with cubs of the year or 1-year- 
olds; KW: Xi = 7.72, P = 0.02). 

Captured females with young (cubs of the year and 
1-year-olds) were farther from the coast (2.0 km, n = 70 
bears) than solitary adult females or males (0.9 km, n = 91; 
MW: Z70,91 = 1.89, P = 0.006). For telemetry locations, 
solitary adult females were farther from the coast than other 
females (3.5 km, n = 72 locations, for solitary females com- 
pared with 2.5 km, n = 202, for females with cubs of the 
year and 1.3 km, n = 2 13, for females with 1 -year-olds; 
KW: Xi = 14.7, P < 0.001). However, this finding may be 
due to solitary adult females looking for a den site. Captured 
females with cubs of the year or 1-year-olds were closer to 
fjords (2.7 km, n = 37) than solitary adult females and adult 
males (3.7 km, n = 74; MW: z37,74 = -2.23, 
P = 0.03). 

Captured females with cubs of the year used islands less 
than other females (2 1 %, n = 48 versus 42.5 %, n = 167; 
KW: X: = 4.15, P = 0.04). For telemetry locations, 
females with cubs of the year used larger islands (135 km2, 
n = 78) than females with 1-year-olds and solitary adult 
females (87 km2, n = 32; KW: X: = 15.4, P < 0.001). 
Most radio-collared solitary adult females and females with 
1-year-olds denned or sheltered (20 of 29), and rarely used 
islands (8 % of locations). 

Only 2 captured polar bears were observed on glaciers 
and both were males. For telemetry, solitary adult females 
(7% of total locations, n = 72) were observed on glaciers 
more than females with young (1% of total locations, 
n = 41 1; KW: X: = 12.1, P = 0.001), possibly because of 
the greater tendency of solitary adult females to den at high 
elevations. 

For nearest neighbour analysis, our null hypothesis was 
that the probability of an animal being a nearest neighbour 
will equal the proportion of animals in that class in the study 
population. The null hypothesis was not rejected for females 
with cubs of the year, females with 1-year-olds, and solitary 
adult females (x2 test: P > 0.40). However, males = 
27.4, P < 0.001) and subadults (Xi = 29.6, P < 0.001) 
were disproportionately associated with other sex and repro- 
ductive classes (Fig. 4). Males were less likely to be close 
to either females with cubs of the year = 3.3, P = 0.07) 
or females with 1-year-olds, and more likely to have other 
males as their nearest neighbours (Fig. 4). Subadults were 
less likely than expected to have adult females with cubs as 
their nearest neighbours (Fig. 4). This suggests that females 
with cubs of the year tended to isolate themselves from other 
bears, particularly adult males and subadults. Males were 
occasionally found in groups of 2 or 3 (1.2 + 0.5 (SD), 
n = 11 l) ,  while females were never found less than 800 m 
from each other. 

If females with cubs of the year generally avoided males, 
then the few that were in close proximity may provide some 
information on male characteristics. Adult males with 
females with cubs of the year as their nearest neighbours 
(5.6 + 1 .O km) weighed 28% less than other males (n = 12; 
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