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Abstract As climate change advances the date of spring
breakup in Hudson Bay, polar bears are coming ashore ear-
lier. Since they would have lost some of their opportunities
to hunt ringed seals from a sea ice platform, they may be
deWcient in energy. Subadult polar bears appear to come
ashore before more mature individuals and the earliest
subadults are beginning to overlap the nesting period of
the large colony of snow geese also occupying the Cape
Churchill Peninsula. The eggs these bears are known to eat
could make up some of their energy shortfall. The earlier
these eggs are consumed during the snow goose nesting
period, the greater would be the energy that is available.
Recent studies have shown that the annual survival rate for
subadult bears declined in contrast to that of prime aged
individuals. If this reduction in survival is related to an
increasing energy deWcit, as suggested by some, the con-
sumption of goose eggs may reverse the trend and help sta-
bilize the population, at least for some period of time. The
total number of polar bears that could beneWt from this
resource will depend on the increasing temporal overlap
with the nesting period and on the foraging behaviors of
individuals eating the eggs. It is likely that other food
sources will also have to play a role if the polar bears are to
persist.
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Introduction

With the release of many popular articles on the potential
eVects of global climate change on its fate and its recent
reclassiWcation as a “threatened species,” attention is again
being focused on the plight of the arctic’s most visible and
charismatic predator, the polar bear (Ursus maritimus Phipps).
There is little doubt that the global climate is changing and
even less that these changes are negatively impacting polar
regions (e.g., Randall et al. 2007; Stroeve et al. 2007). Since
polar bears depend on sea ice for many aspects of their life
history (e.g., Stirling and Derocher 1993), the continuing sea
ice declines and temperature ameliorations predicted by
climate change models are reasons for concern.

Ringed seals (Phoca hispida Schreber) are the primary
prey of polar bears throughout most of their range and
account for the major portion of the bears’ annual energy
budget (Stirling and Øritsland 1995). Much of the energy
gained from consuming seals occurs after March each year
and is coincident with the production and maturing of
ringed seal pups (Stirling and McEwan 1975). Unfortu-
nately, this is the period most likely to be impacted by cli-
mate change (e.g., Stirling and Derocher 1993; Stirling and
Øritsland 1995; Rosing-Asvid 2006). Polar bears are quite
eYcient using the ice to hunt seals in their subnivean lairs
and at breathing openings (Stirling 1974; Stirling and
Latour 1978). However, as the sea ice breaks up, it is
increasingly diYcult for the bears to capture seals. If cli-
mate change advances the date of breakup, the problems for
polar bears will be exacerbated.

This is particularly true for polar bears living in western
Hudson Bay, near the southern limit of the species, where
impacts of global change are expected to be felt sooner
(e.g., Skinner et al. 1998; Derocher et al. 2004; Ferguson
et al. 2005). Further, polar bears in this region normally
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shift to a terrestrial existence during a 4- to 5-month ice-
free period and are thought not to forage to any great
extent, subsisting instead on stored fat reserves (e.g., Watts
and Hansen 1987; Ramsay and Stirling 1988; Ramsay and
Hobson 1991; Derocher et al. 1993, 2004; Stirling and
Derocher 1993; Stirling et al. 1999; Stirling and Parkinson
2006). Since much of that fat is acquired during the period
just prior to breakup (e.g., Stirling and Derocher 1993), any
shortening of the spring hunting period could have pro-
found eVects. Recent analyses have shown declines in the
body condition, reproductive success, survival and popula-
tion size of polar bears in the western Hudson Bay popula-
tion coinciding with an advance in spring sea ice breakup
(e.g., Stirling et al. 1999; Regehr et al. 2007).

Although there have been some suggestions that
increased terrestrial foraging during the ice-free period
might provide some compensation for lost seal-hunting
opportunities (Lunn and Stirling 1985; Derocher and Stirling
1990; Derocher et al. 1993, 2000; Dyck and Romberg
2007), there is a pervasive view that such foraging will not
be adequate (e.g. Stirling and Derocher 2007). That view is
driven in part by the metabolic expenses associated with
terrestrial foraging. Lunn and Stirling (1985), for example,
computed that the calories gained from consuming one of
the many Xightless (molting) geese in the Churchill (Mani-
toba) region would not likely compensate for the energetic
cost of chasing it down.

Ironically, the advance in spring sea ice breakup that
may be leading to the energy shortfall for polar bears may
also provide some relief by making a more energy-eYcient,
terrestrial resource available. As the date of sea ice breakup
advances, it is increasingly likely that some polar bears will
arrive on shore when members of the large nesting colony
of Lesser Snow Geese (Anser caerulescens caerulescens
Linnaeus, henceforth snow geese) located on the Cape
Churchill Peninsula are still incubating eggs. Polar bears
are known to eat snow goose eggs (Abraham et al. 1977;
Madsen et al. 1989; L. J. Gormezano, unpublished data)
and since obtaining such a resource would not involve the
high costs of a chase across the tundra, the eggs could com-
pensate for some of the energy deWcit associated with lost
seal-hunting opportunities. The obvious questions are
whether polar bears and nesting geese will increasingly
overlap and how much energy is available for the bears.

In this article, we take advantage of well-studied popula-
tions of both species to examine the overlap of polar bears and
nesting snow geese in their annual use of the terrestrial envi-
ronment and to estimate the extent to which the bears will
increasingly overlap the nesting period, assuming current cli-
mate trends continue. We also estimate the energy available to
polar bears from snow goose eggs and examine both how this
changes across the nesting period and how it could compen-
sate for missed opportunities to eat seals when spring breakup

occurs earlier. Finally, we consider the potential importance
of this resource to polar bear persistence in light of what is
known about the bears foraging on goose eggs.

Methods

Study site and spatial overlap of snow geese and polar bears

This study centers on polar bears and snow geese found in
and around the northern coastal portion of Wapusk
National Park, located approximately 30 km east of Chur-
chill, Manitoba, Canada [see Rockwell et al. (2009) for
details on the Park]. The polar bears are designated as part
of the western Hudson Bay (WH) population (Aars et al.
2006) that occurs along the coast and adjacent inland habi-
tat of Nunavut, Manitoba and Ontario during the ice-free
season (typically from July to mid-November; Stirling et al.
2004). The snow geese are part of the Mid-Continent popu-
lation (Abraham and JeVeries 1997). While the region’s
snow geese historically nested primarily near La Pérouse
Bay, the colony has grown both numerically and geograph-
ically and now occupies a substantial portion of the Cape
Churchill Peninsula, extending from La Pérouse Bay to the
Broad River (Fig. 1). There are large concentrations where
the density reaches 20 nests ha¡1. Most of the intervening
habitat contains 1–5 nests ha¡1 with a few stretches (<5 km
each), where density averages <1 nest ha¡1. The area
depicted in Fig. 1 is also used during the spring, summer
and early fall by many of the region’s polar bears and forms
the spatial basis for interaction between the two species.

Advances in the timing of snow goose nesting

Data on nesting phenology have been collected since 1968
as part of a larger, long-term study of snow geese, and
methodological details are given in Cooke et al. (1995).
While a portion of those data (1973–1993) were evaluated
by Skinner et al. (1998), the entire data set (1968–2007) is
used in our present analyses. We examined the data for any
change in mean hatching date over 40 years with linear
regression and estimated the rate of change and its conW-
dence limits from that analysis. As part of our snow goose
monitoring, sightings of polar bears within the nesting area
have been recorded whenever possible and detailed records
have been kept since 2000 when regular helicopter-based
coastal snow goose surveys were begun.

Advances in the timing of sea ice breakup

Four studies have examined the advance of ice breakup in the
portions of Hudson Bay that are relevant to the WH polar
bear population (Stirling et al. 1999, 2004; Stirling and
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Parkinson 2006; Regehr et al. 2007). While all used similar
approaches, the studies spanned diVerent years and may have
used slightly diVerent criteria or procedures to deWne breakup
dates. We assumed, however, that each study was internally
consistent and as such would provide comparable estimates
of the rate in advance of breakup. We extracted data from the
graphs presented in each paper and estimated the rate of
change in date of breakup over years using linear regression.
We formed a weighted mean estimate across the four studies,
using the inverse of the variances of estimates as weights to
compensate for diVerences in parameter conWdence. We
compared the rates of change in hatching date and sea ice
breakup following procedures outlined by Zar (1999).

The energy content of snow goose eggs

The protein and fat content of fresh and newly hatching (pip-
ping) eggs of snow geese were estimated by Badzinski et al.

(2001), and provide the basis for computing the energy that
could be obtained by polar bears from eggs across the 24-day
incubation period. We scaled their gram estimates of protein
and fat to energy using the standard coeYcients of 4.30 and
9.39 kcal g¡1, respectively (Robbins 1993; Schmidt-Nielsen
1997). We further scaled these by the digestibilities of pro-
tein and fat for polar bears (0.84 and 0.97, respectively) pro-
vided by Best (1985). This allowed us to estimate that a fresh
egg would provide a polar bear with approximately 210 kcal
and a nearly hatched neonate (at the end of the nesting
period) would provide approximately 124 kcal. The energy
content of an egg does not decline linearly during incubation,
especially for the yolk for which more than 80% of the lipid
consumption occurs during the Wnal third of the incubation
period (e.g., O’Connor 1984). RomanoV (1967) provided a
daily accounting of the decline in the yolk content of the
chicken egg and we modeled the decay in available energy of
snow goose eggs (Y) across the incubation period (X) based

Fig. 1 Nesting Lesser Snow 
Geese are associated with over 
100 km of coastline on the Cape 
Churchill Peninsula. South and 
southeast of the original La 
Pérouse Bay colony, they nest 
up to 15 km inland. Northwest of 
the Broad River, they nest up to 
5 km inland. Many of the polar 
bears found in the Cape Chur-
chill Peninsula use this section 
of coastline during spring, 
summer and fall
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on those data (Y = ¡0.01X3 + 0.19X2 ¡ 1.03X + 210.87;
R2 = 0.99).

We used this model to compute a proWle of energy
potentially available to polar bears over the nesting period
(egg laying and incubation) of snow geese on the Cape
Churchill Peninsula. In doing that, however, we had to
account for the fact that while each goose has an incubation
period of approximately 24 days, the entire colony is not
synchronous (Cooke et al. 1995). In average years, nest ini-
tiation spans a 7-day period with a near symmetrical distri-
bution of daily initiation peaking on day 4 (Cooke et al.
1995). Using our current colony size estimate of 48,855
pairs of snow geese (Ross et al. 2004; R. F. Rockwell,
unpublished data), our detailed data on nesting phenology
and assuming a modal clutch size of four, we calculated the
number of nests that initiated on each of the 7 days and
computed the energy they would provide during the 4-day
egg-laying period and across the 24-day incubation period.
We summed the daily contributions of these staggered
initiation nests to generate an energy proWle for the overall
33-day nesting period of the colony. The proWle spans the
period from initiation of the earliest nests through hatching
of the latest ones.

In years of late melting snow, overall nest initiation is
delayed, and the pattern and relative distribution of nest ini-
tiation is narrower and negatively skewed, while in early
melt years, there is an advance of overall nest initiation and
a positive skew to the distribution (Cooke et al. 1995; R. F.
Rockwell, unpublished data). Energy proWles for such years
were adjusted accordingly and compared to each other and
a proWle for an average year. It is important to note that we
have not detected any spatial variation in initiation or hatch
dates across the nesting area depicted in Fig. 1 (R. F. Rock-
well, unpublished data).

The energy content of seals

There are limited data on the depredation of ringed seals by
polar bears. The bulk of it is based on observations made
during the 1970s at Radstock Bay on Devon Island in the
central Canadian High Arctic by Stirling and his colleagues
(Stirling 1974; Stirling and Archibald 1977; Stirling and
Latour 1978). Those data and other unpublished observa-
tions are summarized by Stirling and Øritsland (1995).
Estimates of the energy content of ringed seals of various
age classes collected in Amundsen Gulf are summarized by
Stirling and McEwan (1975). We used those data to esti-
mate the average amount of energy polar bears obtain each
day from seals in spring prior to break up. We focus on this
metric since climate change is expected to “cost” polar
bears days of spring seal-hunting opportunities.

Seal pups grow rapidly and increase in energy content
through the spring and early summer (Stirling and McEwan

1975). Our daily energy intake computation accounted for
both age structure and age-speciWc energy content of seals
consumed by polar bears (Stirling and Øritsland 1995). We
assumed that the energy came solely from the consumption
of seal fat (Stirling and McEwan 1975) and that this would
provide 9.39 kcal g¡1 of gross energy (Robbins 1993;
Schmidt-Nielsen 1997). We used the fat digestibility rate of
0.97 (Best 1977) to convert this to the energy available to
polar bears. On average, a polar bear obtains approximately
22,432 kcal of energy per day from the consumption of
seals.

For simplicity, we refer to this energy gain as a “seal
day,” denoting that it is the average energy a polar bear
obtains per day consuming seals on the ice during the
spring and early summer. Equivalently, it is the average
daily energy lost when that hunting is prevented by reduc-
tions in the ice platform associated with climate change.
While these estimates are based on seal depredation from
further north and more than 3 decades ago, they were used
by Stirling and Øritsland (1995) to develop a depredation
and energy-based model that related polar bear and ringed
seal abundances. They successfully applied this model
across a wide geographic range of the Canadian High
Arctic, and more recently Lunn et al. (1997) found that its
predictions were applicable in western Hudson Bay. As
such, the seal day estimate of 22,432 kcal is a reasonable
approximation for our purposes.

Since it was not our intent to provide a full evaluation of
daily and seasonal energy budgets for polar bears living on
either geese or seals, we did not consider energy costs of
searching, catching, consuming or digesting prey. Rather,
we assumed that the overall Weld metabolic rate associated
with walking through the nesting colony and eating eggs
(density is 5–20 nests ha¡1 on much of the colony) would
not be dissimilar from the rate assumed by Stirling and
Øritsland (1995) for seal consumption based primarily on
still hunts (77%) mixed with some stalking and chasing
(Stirling 1974; see also Best 1985).

Results and discussion

Advances in the timing of snow goose nesting

The mean hatching dates of snow geese nesting on the
Cape Churchill Peninsula from 1968 to 2007 are depicted
in Fig. 2. There is a small but statistically signiWcant
advance in the mean date of hatching (and thus the nesting
period) of snow geese over the 40 years of this study
[0.16 (§ 0.07) days year¡1; F1,37 = 4.18, P = 0.048]. The
rate of advance in hatching is consistent with the advance in
the arrival date of snow geese at Delta Marsh, Manitoba, a
known staging area for snow geese (Murphy-Klassen et al.
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2005). It is important to note that the advance in mean date
occurs in the face of a substantial amount of annual
variation.

Advances in the timing of sea ice breakup and the onshore 
arrival of polar bears

The estimated mean rate of advance in sea ice breakup is
0.72 (§ 0.23) days year¡1, which is substantially (and sig-
niWcantly, P < 0.02) higher than the advance in hatching
date of the snow geese. Physical processes such as the
“sea ice-albedo climate feedback mechanism” (Cury and
Schramm 1995; Overpeck et al. 1997) suggest that sea ice
breakup may proceed more rapidly both within and
between years than land-based processes; so, this diVerence
is not unexpected. The correlations between annual breakup
estimates in the four studies and annual hatching date esti-
mates are not especially high (r = 0.16–0.41), suggesting
that goose nesting likely responds to additional variables
that do not appear to be changing at the same overall rate as
those aVecting sea ice breakup (cf. Skinner et al. 1998).
One implication is that there will be periodic annual mis-
matches when, for example, an early sea ice breakup may
occur during the same spring as a late nesting period.

The date of sea ice breakup is a reasonable predictor of
the onshore movement of polar bears (e.g., Stirling et al.
1999; Stirling and Parkinson 2006). However, the move is
not immediate and does not initially involve all the polar
bears, since the transition from initial sea ice breakup to an
ice-free Hudson Bay can extend over several weeks
(Gagnon and Gough 2005). Further, the order of onshore
arrival is not random on the Cape Churchill Peninsula.
During our spring and early summer coastal surveys, we
generally observe subadult bears arriving ashore Wrst, before
any family groups or lone adults are seen (R. F. Rockwell,
unpublished observations). This nonrandom pattern is per-
haps not surprising, since the spring loss of sea ice-based

platforms could increase competition for seal hunting and
subadults would not fare well against prime-aged and larger
adult males (M. A. Ramsay, personal communication).

Subadult bears are also the only ones that have thus far
been observed during the nesting period on the Cape Chur-
chill Peninsula. The mean arrival date of the Wrst bear seen
in the nesting area during 2000–2007 (for which we have
consistent helicopter surveys across the entire area) is 23rd
of June (§ 3 days), and this overlaps the average nesting
period for 2000–2007 by 2 days (see below). Given that the
relative rate of advance in sea ice breakup is 4.5 times the
advance in hatching date, we expect to see increasing num-
bers of polar bears earlier in the nesting period of the snow
geese on the Cape Churchill Peninsula.

The energy available to polar bears from snow goose eggs

The amount of energy available to polar bears using the
eggs of nesting snow geese changes over the nesting
period. This is depicted in Fig. 3 for three chronological
scenarios, an early year, an average year and a late year. As
explained before, the relative pattern and distribution of
nest initiation by the geese diVer among these scenarios. As
is clear in Fig. 3, however, these diVerences only lead to
small and subtle changes in the shapes of the three energy
proWles (e.g., the late year has a faster initial rise and termi-
nates sooner). The primary diVerence among the proWles is
their absolute position along the annual time axis. Together,
the early and late examples depict the maximum range
observed for the Cape Churchill Peninsula colony of snow
geese.

In all three cases, the available energy increases as addi-
tional pairs begin laying and as they add eggs to their nests.
The available energy declines slowly at Wrst and then more
rapidly as development progresses into its last 10 days and

Fig. 2 The mean hatching date of Lesser Snow Geese nesting on the
Cape Churchill Peninsula has advanced by 0.16 (§ 0.07) days/year
over the 40 years of the study
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as increasing numbers of pairs take their hatching goslings
out of the nesting area and onto brood-rearing habitat. The
potential value of snow goose eggs would be substantially
higher in years when sea ice breakup brought polar bears
ashore during the Wrst 14–16 days of the nesting period.
Such a trend is anticipated under current climate change
models and is expected periodically owing to annual mis-
matches between the timing of the nesting period and the
timing of breakup.

Overlap of the snow goose nesting period by polar bears

The current situation for the Cape Churchill Peninsula is
depicted in Fig. 4, where the mean date the Wrst polar bear
was seen on the nesting colony from 2000 to 2007 is indi-
cated on the average energy proWle computed for the same
years. These years include an equal number of earlier and
later nest initiation years (Fig. 2); so, while the absolute
time scale is an “average”, it is representative of this more
recent period. On average, the earliest bear overlaps the
last few days of the mean hatching period. The rates of
advance of both the nesting period and polar bear arrival
(as predicted by advance of sea ice breakup) are also indi-
cated. If these trends both hold, polar bear arrival will
overlap the mean of the hatching period in 3.6 years and
the energy available then will represent an increase of
more than 300% (from 4.24 £ 106 to 17.02 £ 106 kcal). If
the trends hold for a decade, the overlap would have
advanced by approximately 5.6 days and the energy avail-
able will have risen by more than 660% to 32.25 £ 106

kcal.

Polar bear arrival and foraging on snow goose eggs

Given the current overlap of nesting period and polar bear
arrival, the early bear needs to consume the eggs from
approximately 43 nests to compensate for a one seal-day
energy loss. There would be over 8,305 such nests still
available, even at this late stage of the nesting period, and
those nests represent a reservoir of compensation energy
equivalent to more than 190 seal days. If the bear over-
lapped the nesting period 5.6 days earlier, it would only
need to consume the eggs from 34 nests to compensate for a
one seal-day loss. In that situation, the bear could forage
from among 48,855 nests, a total reservoir of approxi-
mately 1,438 seal days that could be used by one or more
polar bears. Although the nests are distributed across the
entire nesting area depicted in Fig. 1, there are no sections
where high concentrations of nests are more than 5 km
apart, and while some nests are up to 15 km inland, most
are within 5 km of the coast. Since there are numerous
examples of individual polar bears traveling overland more
than 50 km in a single day (D. Hedman, personal communi-
cation), the resource is readily available. The earlier bear,
whether its overlap with a higher energy section of the nest-
ing period results from a decade’s advance due to climate
change or to a seasonal mismatch between sea ice breakup
and nesting period, would certainly get the better deal.

Consistent with the advance in sea-ice breakup, four of
the six bears we observed during the nesting period over
our 40-year study were seen since 2000. In all six cases, the
bears were observed within the nesting area and their size
and lack of facial scars were most consistent with them
being subadults. In four cases, we were able to follow a
portion of the individual’s trail through the nesting colony.
For one, there was no evidence of egg depredation despite
the fact that tracks went right past several nests. In the other
three cases, we located 5, 11 and 16 depredated nests along
the portion of the trail we followed. These numbers are
likely underestimates, since the exact trail was diYcult to
follow in some of the more vegetated and rocky sections of
the nesting colony. Curiously, depredation was not continu-
ous along the bears’ trails, as depredated nests were found
interspersed with intact nests.

In similar fashion, Smith and Hill (1996) reported that a
lone polar bear consumed the clutches of eggs at only four
of 36 Canada Goose (Branta canadensis Linnaeus) nests on
Akimiski Island in southern James Bay on a single foray
during the nesting period. Madsen et al. (1998) reported
that polar bears depredated 135 eggs from 43 of 85 nests of
Light-bellied Brent Geese (Branta bernicla hrota
Linnaeus) on Svalbard in 1987 and 1991. Finally, Drent
and Prop (2008) report that a single female polar bear and
her cub consumed the eggs from 108 Barnacle Goose
(Branta leucopsis Linnaeus) nests in a single day in 2004

Fig. 4 Polar bears are beginning to overlap the nesting period of
Lesser Snow Geese on the Cape Churchill Peninsula. Since the
advance of onshore arrival of polar bears is estimated to be 4.5 times
faster than the advance in the nesting period of the geese, the amount
of energy available to the bears will increase as the overlap with the
nesting period becomes earlier. The energy proWle and the date on
which the Wrst polar bear was seen in the nesting area are averages for
the period 2000–2007. The mean hatching date is 21st of June and
mean date for the Wrst bear’s arrival is 23rd of June
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on Svalbard. In describing that depredation, Drent and Prop
(2008) note that the female and cub broke many of the eggs
by pressing with their noses and then licking up the con-
tents, consuming both partially developed goslings and egg
residue. At one point, the bears left the goose colony, drank
from a freshwater pond and then returned and continued
eating eggs. Clearly, when opportunity arises, polar bears
consume large numbers of goose eggs.

Taken together, these observations raise the question of
whether a polar bear arriving ashore with a speciWc accrued
energy deWcit, for example four seal days, would forage
only until that deWcit was replaced or would the bear con-
tinue foraging until it ran out of nests, became satiated or,
perhaps, gained too much weight to forage further
(M. Ramsay, unpublished data). To our knowledge, there is
little information available on this point, especially as it
pertains to the consumption of migratory waterfowl eggs by
polar bears. Reviewer 2 (personal communication) noted
that one polar bear foraging on waterfowl eggs appeared to
consume the contents of about 10 nests and then rest for up
to an hour before resuming foraging. This may indicate at
least a pattern of temporary satiation.

Our relevant observation on this point is of a subadult
male that came ashore after the snow geese had hatched but
while common eiders were still nesting in a dense colony at
La Pérouse Bay. We observed the polar bear walk from
island to island and consume all the eggs from 206 of the
approximately 325 active common eider nests during an
approximately 96-h period (P. Z. Matulonis, unpublished
data). Unfortunately, the bear had to be chased from the
area for safety reasons and we were unable to see if it
would have consumed more clutches or had become sati-
ated. Assuming the energy available to polar bears from
eider eggs scales to the eggs’ size relative to that of a snow
goose egg, the bear’s foraging yielded more than
170,000 kcal or approximately 7.5 seal-day equivalents in
just 96 h.

These observations do not fully resolve whether arriving
polar bears would simply satisfy any accrued energy deWcit
or gorge on an ephemeral resource. Polar bears are certainly
known to gorge when otherwise scarce food is available
(Amstrup 1986; Amstrup and Nielsen 1989). They can con-
sume up to 10% of their body mass in 30 min and their
stomachs can hold up to 20% of the their body mass (Best
1977). The literature on foraging in other bear species indi-
cates that satiation likely does occur. Beckmann and Berger
(2003), for example, showed that black bears (Ursus amer-
icanus Pallas) displayed satiation rather than gorging
indeWnitely on unlimited supplies of urban garbage. Simi-
larly, studies of grizzly bears (Ursus arctos Linnaeus) indi-
cate that they will consume large quantities of abundant
salmon (exceeding 20% of their body mass), but will even-
tually stop and switch to berries and other vegetation even

though salmon are still available (e.g., Hilderbrand et al.
1999).

Grizzly bears also exhibit highly selective foraging, only
consuming certain parts of the salmon under some condi-
tions, perhaps indicating that factors other than simple
energy maximization may drive their foraging behavior
(Gende et al. 2001). This was further explored by Robbins
et al. (2007), who showed that captive grizzly bears, given
access to abundant salmon and fruit, preferred a mixed diet
rather than gorging indeWnitely on salmon, again in contrast
to simple energy maximization models. They showed fur-
ther that the mixed diet actually increased rates of growth
and mass accumulation. Whether polar bears, which have
been shown to consume a variety of fruits and other vegeta-
tion (e.g., Derocher et al. 1993), would display a mixed for-
aging strategy, reducing consumption of snow goose eggs,
and whether it would beneWt them in a fashion similar to
that shown for grizzly bears, is not currently known but
certainly important.

The consumption of snow goose eggs by early arriving
subadult polar bears raises two interesting behavioral
issues. First, if subadults come ashore earlier than more
mature members of the population, owing, perhaps, to com-
petitive displacement, what will happen as they mature?
Will they remain on the sea ice longer once they achieve a
more competitive size or will they take advantage of expe-
rience and knowledge of resources and leave early to con-
sume snow goose eggs in subsequent years? Results
presented by Madsen et al. (1998) and Drent and Prop
(2008) indicate that some individuals leave the sea ice regu-
larly to eat goose eggs suggesting that the behavior
becomes habitual at least for some polar bears.

Second, since eggs consumed earlier in the nesting
period provide more energy, might individual polar bears
be able to sense this and progressively come ashore earlier
to exploit an even more valuable resource? Or is the con-
sumption of goose eggs a simple opportunistic reaction to
sea ice breakup that forces polar bears ashore? Observa-
tions that both immature and adult polar bears on Svalbard
leave solid pack ice and consume eggs of light-bellied brent
and barnacle geese early during their nesting period despite
the availability of seals (Madsen et al. 1998; Carlens et al.
2006; Drent and Prop 2008) suggest that the use of goose
eggs may not be exclusively driven by broken sea ice and
the attendant diYculties of hunting seals. The observations
with respect to both issues may be another example of the
behavioral Xexibility and adaptability of polar bears (e.g.,
Derocher et al. 2000).

Unlike prime-aged adults, the subadult age class of the
WH population appears to have suVered a 2–5% decrease
in annual survival for each week of advance in breakup
(Regehr et al. 2007). If this is due to an accrued energy
deWcit, as they suggest, then the consumption of snow
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goose eggs could improve bears’ condition and stabilize or
reverse the survival decline of this age class. Assuming that
the age structure given by Stirling and Øritsland (1995) is
generally applicable, this age class represents approxi-
mately 25% of the region’s population. Given the high rela-
tive importance of survival to population growth, such a
reversal could at least temporarily increase the near-term
growth rate of the WH polar bear population (cf. Heppell
et al. 2000; Koons et al. 2006).

General considerations

If climate change continues at its current or even an accel-
erated pace, polar bears will increasingly overlap the nest-
ing period of snow geese on the Cape Churchill Peninsula.
Energy available in the goose eggs could be used to oVset
some of the accrued deWcits from lost seal-hunting opportu-
nities with earlier portions of the nesting period providing
the greatest energy. The earliest arriving polar bears will
likely be members of the subadult age class, and they
would be the Wrst to beneWt although the total number gain-
ing from this resource will depend on individual foraging
strategies. Competition could lead to a “tragedy of the
commons” situation (Rankin et al. 2007), where individual
self-interests degrade a resource the whole group could use.
Preliminary simulations indicate that if more than 36% of
the nests are depredated the snow goose colony would
decline. Both Madsen et al. (1998) and Drent and Prop
(2008) indicate that polar bear depredation on Svalbard is
suYcient that it is impacting the resident goose populations.

While the energy from snow goose eggs may reduce or
delay the immediate impact of climate change on the polar
bears of this region, simple extrapolation of the available
egg energy values indicate that other food sources will have
to play a role if the polar bears are to persist in the long
term. Polar bears display a high level of behavioral plastic-
ity, capturing and consuming other prey while on land (e.g.,
Russell 1975; Derocher et al. 2000; Dyck and Romberg
2007; L. J. Gormezano, unpublished data). Such foraging,
especially if it increases in frequency, could further miti-
gate losses of sea ice-based seal hunting. It is also possible
that polar bears may increase their daily rate of seal capture
prior to or during breakup, thus reducing their accrued
energy deWcit when arriving onshore. It is our view that in
monitoring the health of this species, we should pay partic-
ular attention to the polar bears’ diverse foraging abilities
and their attempts to cope with environmental changes. We
feel this is a better approach than making predictions based
only on their historic behaviors in habitats that are them-
selves now changing.
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