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Polar Bear (Ursus maritimus) Life History and Population Dynamics

in a Changing Climate

by Evan Richardson

INTRODUCTION

There is now an increasing body of scientific evi-
dence that rapid changes in the earth’s climate over 
the last half-century are influencing the physiology, 

phenology, distribution, and abundance of species (Hughes, 
2000; McCarty, 2001; Stenseth et al., 2002; Root, 2003). As 
a result, understanding how climate change will affect the 
distribution and abundance of species has become a major 
concern in ecology. Among long-lived vertebrates, environ-
mental variation is known to influence growth (Post et al., 
1997), survival (Gaillard et al., 1997), reproductive success 
(Albon et al., 1983), and consequently the demography of 
populations. Although large-scale patterns of climatic var-
iability such as the El Niño Southern Oscillation (ENSO) 
and the North Atlantic Oscillation (NAO) are known to 
influence the life history and population dynamics of both 
marine and terrestrial species (Stenseth et al., 2002), rela-
tively little information exists on how rapidly occurring 
but persistent change in the earth’s climate (i.e., global 
warming) will affect species life-history traits and popula-
tion dynamics. The research I am conducting for my PhD 
will examine how environmental variation influences the 
life-history traits and population dynamics of a large car-
nivore species, the polar bear (Ursus maritimus), through 
climate-mediated shifts in the availability of essential prey 
resources.

Polar bear life history is intimately linked to the sea 
ice environment, with sea ice providing the platform from 
which bears hunt, travel, mate, and in some areas, den 
(Amstrup, 2003). Over the last 20 years, in association 
with climate warming, there have been significant declines 
in both the temporal and spatial extent of sea ice cover in 
the Arctic (Parkinson and Cavalieri, 1989; Parkinson et al., 
1999; Comiso, 2002; Comiso and Parkinson, 2004; Stroeve 
et al., 2007). It has been suggested that spatial and tempo-
ral changes in the sea ice environment will result in reduced 
availability and abundance of the polar bears’ primary prey, 
seals (Derocher et al., 2004). In turn, reduced prey avail-
ability has the potential to influence the life history of indi-
viduals (growth, reproduction, and survival) and thereby the 
population dynamics of polar bears. The effects of reduced 
prey availability are already evident in western Hudson Bay, 
where polar bears are forced ashore during an extensive ice-

free period that can last for up to four months each sum-
mer. Higher air temperatures and earlier sea ice breakup in 
spring have extended this period and resulted in significant 
declines in the body mass of adult female polar bears (Stir-
ling et al., 1999; Stirling and Parkinson, 2006). Sea ice–
mediated changes in individual phenotypic quality have the 
potential to influence a number of individual life history 
traits (e.g., age at first reproduction, litter size, and longev-
ity), all of which can influence the demography of polar bear 
populations. The purpose of my PhD research is to deter-
mine to what extent changes in the Arctic sea ice environ-
ment are influencing the growth, reproduction, and survival 
of polar bears and how changes in key life history traits and 
vital rates are influencing polar bear population dynamics. 

STUDY POPULATION

In western Hudson Bay, polar bears come ashore during 
an extensive ice-free period that lasts from mid-July to mid-
November (Stirling et al., 1977, 1999). Bears in this region 
arrive onshore shortly after sea ice breakup (Stirling et al., 
1977, 1999) and remain relatively inactive while on land 
(Knudsen, 1978; Latour, 1981), subsisting on fat deposited 
during the spring and early summer while they were out 
on the sea ice (Nelson et al., 1983; Derocher and Stirling, 
1990; Ramsay et al., 1991). In November, all polar bears 
except pregnant females return to the sea ice as it begins 
to reform (Derocher et al., 1993). Pregnant females remain 
on land fasting for up to eight months, relying on stored 
fat reserves to meet basic energetic demands, as well as 
the increased energetic demands of gestation and lactation 
(Watts and Hansen, 1987; Polischuk et al., 2001). Denning 
female polar bears in western Hudson Bay already endure 
one of the longest periods of food deprivation known for 
any mammal; thus, any significant further reduction in the 
availability of sea ice is likely to have profound effects on 
reproduction. Changes in sea ice conditions over the past 
two decades have already led to significant declines in phys-
ical condition of bears in the western Hudson Bay popula-
tion (Stirling et al., 1999; Stirling and Parkinson, 2006). In 
addition, a recent study of this same population by Regehr 
et al. (2007) confirmed that from 1987 to 2004, its numbers 
declined from ~1200 to 950 individuals.  
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METHODS

For my dissertation, I will make use of 28 years of 
capture-recapture data, consisting of over 3000 uniquely 
marked individuals of known age from the western Hudson 
Bay polar bear population located near Churchill, Manitoba 
(Fig. 1). My field research will involve collecting an addi-
tional three years of data as part of the western Hudson Bay 
polar bear project (Fig. 2). Each year from late August to 
early October, scientists from Environment Canada immo-
bilize a random sample of bears from the western Hudson 
Bay polar bear population using standardized capture tech-
niques (Stirling et al., 1989). At the time of initial capture, 
each animal is assigned a unique identification number that 
is applied as a permanent tattoo on the inside of its upper 
lip and on plastic tags placed in both ears. All individual 
bears that are not caught as cubs are aged by counting the 
growth-layer groups in the cementum of a vestigial premo-
lar tooth (Calvert and Ramsay, 1998). Morphometric meas-
urements are taken on the immobilized bear, including 
body mass (kg), body length (cm), axillary girth (cm), zygo-
matic breadth (mm) and skull length (mm) (Derocher et al., 
2005). 

To investigate the influence of changing sea ice condi-
tions on individual phenotypic quality, life history traits, 

and population dynamics of polar bears in western Hud-
son Bay, I will be using multichannel passive-microwave 
satellite data to determine daily changes in sea ice extent 
from 1980 to 2008 (Parkinson et al., 1999). From these 
data, I will calculate three different sea ice measurements: 
(1) breakup date (Julian date of 50% sea ice cover in the 
spring), (2) freeze-up date (Julian date of 50% sea ice cover 
in the fall), and (3) fasting period (number of days between 
sea ice breakup and freeze-up). Using detailed informa-
tion on growth, reproduction, and survival of individuals in 
the population, I will test several hypotheses regarding the 
long-term impacts of changing sea ice conditions at both 
individual and population levels. At the individual level, I 
will use mixed-effects modeling (Pinheiro and Bates, 2000) 
to test whether sea ice conditions experienced during early 
development influence adult body size, body mass, and 
body condition. Using the same modeling approach, I will 
use measurements of litter size and cub body mass to exam-
ine how changes in individual phenotypic quality (e.g., 
body mass and body condition) influence female reproduc-
tive effort. To examine the potential effects of changing sea 
ice dynamics on individual survival, I will use open popu-
lation capture-recapture models (Lebreton et al., 1992) and 
model selection (Burnham and Anderson, 2002) to evaluate 
a suite of survival models based on biological hypotheses. 
For example, one hypothesis is that the length of the fast-
ing period has a negative influence on survival of juvenile 
polar bears because of their limited body reserves and fast-
ing endurance (Fig. 3). 

SIGNIFICANCE OF RESEARCH

Currently, the western Hudson Bay population is the 
only polar bear population in the world for which we have 
the detailed long-term demographic data needed to examine 

FIG. 1. Western Hudson Bay, showing the study area where the 
Western Hudson Bay polar bear population has been continu-
ously monitored from 1980 to the present. 

FIG. 2. Evan Richardson inside a polar bear den in the western 
Hudson Bay study area (Photo: J. Henderson).
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the complex relationships between sea ice extent and the 
life history traits and population dynamics of polar bears. 
The results of this study are expected to provide critical 
insight into the individual and population-level response 
of polar bears to rapidly changing sea ice conditions in the 
Canadian Arctic. Furthermore, because the western Hudson 
Bay polar bear population is located at the southern limit of 
the species’ range, this study will serve as a litmus test for 
how other polar bear populations are likely to respond to 
changing sea ice conditions throughout the Arctic. Finally, 
it is expected that the results from this study will provide a 
unique look into how long-term variation in the availability 
of essential prey resources can influence the life history and 
persistence of a long-lived carnivore species. 
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