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Abstract
As sea-ice cover is shrinking, polar bears (Ursus maritimus, Phipps, 1774) face decreased access to seals, their primary prey,

resulting in a greater dependence on terrestrial food sources. Whether polar bears can benefit from these terrestrial food
sources, however, depends on their ability to find and capture prey items without expending more energy than is acquired.
Here, we report one of the northernmost observations of polar bear predation on adult birds. The bear used a dive-hunting
technique, which consisted of submerging itself, approaching underwater, and catching flightless greater snow geese (Anser
caerulescens caerulescens (Linnaeus, 1758)) from beneath the surface of a tundra pond. After evaluating energy expenditures
during swimming and energy intakes from consuming geese, we estimated that this rarely documented dive-hunting technique
could be energetically profitable for a certain range of pursuit durations. This observation highlights the behavioral plasticity
that polar bears can deploy to punctually exploit land-based food sources.
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Introduction
Polar bears hunt seals on the sea ice and rely on the

accumulated energy reserves to survive the ice-free season
(Watts and Hansen 1987; Atkinson et al. 1996; Polischuk et
al. 2001). During this period, they were documented to make
use of a variety of land-based or near-shore resource items
(Russell 1975; Rode et al. 2010, 2015; Gormezano and Rock-
well 2013a, 2013b; Gormezano et al. 2017; Bourque et al.
2020), which usually contain less energy and fat than seals,
their preferred prey (Stirling and Øritsland 1995; Gormezano
and Rockwell 2015; Rode et al. 2015). Models predict that
climate change and shrinking sea ice will increase the oc-
currence of polar bear starvation (Molnár et al. 2010, 2020;
Stirling and Derocher 2012; Regehr et al. 2016), and even
though the use of land-based resources could sustain a few
individuals (Gormezano and Rockwell 2015), the impact of
such behavior is unlikely to be reflected at the population
level (Rode et al. 2015). On land, polar bears face the dou-
ble challenge of finding unevenly distributed fat-rich re-
sources (Rode et al. 2015, 2021) and of displaying foraging
techniques that minimize energy expenditure (Gormezano
and Rockwell 2015). For example, on-land pursuits of water-
fowl by bears may only be profitable when short distances

are covered at a relatively low running speed (Gormezano
et al. 2016). Moreover, egg consumption was shown to pro-
vide energetic surpluses only at the beginning of the nest-
ing season, when the density of this resource is at its peak
(Jagielski et al. 2021). As energetic gains are uncertain when
foraging on land, documenting land-based hunting tech-
niques used by bears and assessing their energetic efficiency
will help understand polar bear resilience to environmental
changes.

In the Arctic and sub-arctic, polar bears have been observed
preying on adult birds on land using various techniques,
either chasing (Iles et al. 2013), ambushing (Gormezano
et al. 2017), or stalking (Miller and Wooldridge 1983;
Gormezano et al. 2017) birds during their nesting and brood-
rearing periods. Near the shore, bears were seen swim-
ming underwater until they were close enough to attack
birds from underneath, as seen on various alcid species
(Russell 1975; Stempniewicz et al. 2014; Obbard et al.
2022).

In this paper, we report on an undocumented situation of
a polar bear catching flightless greater snow geese using a
rarely observed dive-hunting technique in tundra ponds and
lakes (see illustration of the technique in Fig. 1).
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Fig. 1. Illustration of the dive-hunting strategy used by the
bear to stalk and catch the snow geese by surprise.

Study area
The Bylot Island Migratory Bird Sanctuary (73◦08′N,

80◦00′W; see Lepage et al. (1996) for more details on the study
area) harbors the largest known greater snow goose breed-
ing colony. Around 20,000 pairs nest in a 70 km2 area from
mid-June to mid-July (Fig. 2a; Reed et al. 2002). After hatch-
ing, goose families journey from the nesting area to the main
rearing area 30 km NW (Qalikturvik Valley, Fig. 2a; Mainguy
et al. 2006) to molt and prepare for their southward migra-
tion in late August. As adults are molting and flightless dur-
ing brood-rearing, broods form groups of 50–500 individuals
and stay close to ponds to escape predation by arctic foxes
(Vulpes lagopus (Linnaeus, 1758)), their main predator (Bety et
al. 2002; Reed et al. 2003). The brood-rearing habitats used
by geese in the Qalikturvik valley are dominated by freshwa-
ter wetland polygon fens where grasses and sedges, preferred
by geese, are abundant (e.g., Dupontia fisheri R. Br., Eriophorum
scheuchzeri Hoppe). This area is located on an extensive ice-
wedge polygon terrace near a proglacial river connected to
the Navy Board Inlet (Department of Energy, Mines and Re-
sources 1969) and is studded with shallow lakes and ponds
with a few deeper glacial lakes (maximum depth of 12 m).
Sea ice usually breaks up in late July, after which more po-
lar bears are observed inland, often following the dry and
uniform coast of Navy Board Inlet or in a directional move-
ment (no feeding behavior) from the inlet to the mountains
at the head of the Qalikturvik valley (Fig. 2a). Over the last
14 years of incidental observations across the study area, be-
tween zero and three bears were spotted each year (exception
of seven in 2013), with an average of 1.14. The events we re-
port in this note are the first record of bear predating on adult
birds in our study site.

Field research permit
Fieldwork on the Bylot Island Migratory Bird Sanctuary was

approved by the Mittimatalik Hunter and Trapper Organiza-
tion and Parks Canada (permit # SIR-2021–39399).

Description of observations
The observations took place on 8 August 2021, in the main

snow goose brood rearing area (Qalikturvik Valley, Fig. 2a),
6 km inland from the Navy Board Inlet. The bear was first
spotted around 13:00, approaching from the northwest while
walking in the large, shallow river near the research camp.
Four people then walked to the top of the hill adjacent to
the research camp (Fig. 2b) with a spotting scope (Kowa TSN-
883) to monitor its activity. The dive-hunting behavior (Fig.
1) was first observed 45 min after the bear was first spotted.
The bear walked towards a pond (Point A, Fig. 2b), in which
a group of approximately 30 geese had taken refuge (Fig. 3a).
By the time the bear reached the pond, all the geese had ex-
ited on the opposite side of the pond except for one adult.
The bear entered the pond and swam toward the goose and
dove, but emerged too far from the bird to catch it. The bear
repeated its dive-hunting maneuver a few times, always ini-
tiating its dive ∼30 m from the goose. Meanwhile, the goose
remained in the pond and stopped swimming away from the
bear as soon as the bear dove underwater. The bear finally
caught the goose on its fourth attempt, at 14:00, after 15 min
of swimming and diving. The bear then brought it to shore
and ate it until 14:50 (Fig. 3b). At 17:17, after spending a few
hours sleeping, eating, and manipulating the goose carcass,
the bear went into a larger pond nearby (Point B, Fig. 2b). It
was observed swimming and walking in the pond but was not
seen diving. Several groups of geese were in the pond, and the
bear followed them, changing targets from time to time. De-
spite numerous attempts, the snow geese evaded. The bear
came out of the pond at 17:50 and went to a third pond at
18:30 (Point C, Fig. 2b). Using the same diving-hunting tech-
nique, it caught a juvenile snow goose on its second dive, with
the whole interaction lasting less than 10 min. The bear made
no other predation attempt and left the Qalikturvik Valley,
walking toward Navy Board Inlet at 20:30.

Foraging efficiency
To evaluate whether the observed behavior could be en-

ergetically profitable for a bear, we determined, for a range
of bear masses, the pursuit durations for which the energy
gained from catching the prey equaled the energetic costs of
the chase (i.e., gains − costs = 0). These efficiency thresholds
(ETs), defined as the pursuit duration under which a chase is
energetically profitable, are calculated as

ET = Gains
(VO2 × bear mass × K )

where Gains are the caloric value associated with the con-
sumption of an adult greater snow goose (913.3 kcal); Vo2 is
the metabolic rate (L g−1 min−1) of swimming polar bears;
and K = 4.735, the standard conversion of 1 L of oxygen to
kilocalories. The caloric value of a goose was derived from
Gormezano et al. (2016) for a 1.9 kg post-hatch adult lesser
snow goose (Anser caerulescens atlanticus (Kennard, 1927)) and
scaled to the mass of a post-hatch adult greater snow goose
(2.6 kg, Gauthier (unpublished data); scaling factor = 1.37).

We obtained the metabolic rates for swimming polar bears
from Griffen (2018) and Pagano et al. (2019), which used dif-
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Fig. 2. (a) Location of the main study site (Qalikturvik Valley——black rectangle; and the average contour of the Greater snow
goose colony——black polygon) on the Southwest Plain of Bylot Island, Nunavut, Canada. Turquoise and orange asterisks mark
research camps. The Qalikturvik Valley is the predominant brood-rearing area. (b) Aerial view of the bear–goose predation
area. Observations were made from a vantage point (yellow cross) near the research camp (turquoise asterisk). We show the
main locations of the bear dive-hunting attempts (red letters) and its trajectory between these locations (orange hatched line).
Ponds are covered with ice, as the satellite image dates from 2 July 2020. Boundaries and hydrological features were retrieved
from the Government of Canada open data (Governement of Canada 2016-2022). The satellite base map was acquired from
©2020 Maxar Technologies. Maps are in WGS 84 and UTM 17 N. Media may publish or use these images with the cutline photo
credit “satellite image ©2020 Maxar Technologies”.

ferent methods in different contexts. Griffen (2018) estimated
the metabolic costs of two wild seafaring, long-distance swim-
ming bears using data on internal and external tempera-
ture combined with mathematical modeling of heat produc-
tion and conduction to the surrounding water. Pagano et
al. (2019) measured the oxygen consumption of a sub-adult
captive bear swimming in a low-current tank of warm wa-
ter. The metabolic rate (0.59 O2 g−1 h−1) of Pagano et al.
(2019) was thus used to determine the minimal energetic
cost of swimming. As the swimming metabolic rates reported
by Griffen (2018) are higher and much more variable (1.24–
3.95 O2 g−1 h−1), we used the 2.5th and 97.5th percentiles of
the metabolic rate distribution provided in Fig. 1 of Griffen
(2018), as well as the mean, to calculate ETs along a range
of realistic polar bear mass values (125–425 kg). The ETs de-
lineate the pursuit durations under which a chase could be
profitable if swimming energetic costs are minimal (the costs
of in-tank paddling polar bears, 0.59 O2 g−1 h−1; Pagano et al.
(2019)), low, high, or maximal, which are, respectively, the
2.5th percentile, the mean, and the 97.5th percentile derived
from Griffen (2018) (1.71, 2.75, and 3.70 O2 g−1 h−1).

We used these thresholds to assess the energetic benefits
of each pursuit event as well as the overall energetic benefit
when considering all three pursuits together. The first and
third pursuits were likely energetically efficient for bears of
all weights if swimming metabolic costs were minimal or low,
yet only for light bears if costs were high or maximal (Fig. 4).
When considering the overall time spent actively hunting, in-

cluding the failed attempt (58 min), the capture of two geese
was energetically efficient only for light bears if swimming
metabolic costs were low or for all bears if costs were mini-
mal (overall interaction on Fig. 4).

Discussion
As polar bears’ access to sea ice is declining, they are

increasingly using terrestrial food sources, including nest-
ing birds (Iverson et al. 2014). While terrestrial food re-
sources are most likely insufficient to compensate for the
impact of climate change on polar bear populations (Rode
et al. 2015), land-based energy-conservative hunting tech-
niques could provide some relief to individuals (Gormezano
and Rockwell 2015). Here, we report one of the first docu-
mentations of a polar bear dive-hunting in an inland water-
body to access terrestrial prey. Our results suggest that this
scarcely documented technique may opportunistically be en-
ergetically profitable, especially for smaller individuals.

Our observation supports the idea that polar bears can
transfer ice-based hunting strategies and adapt them to ex-
ploit terrestrial food sources (Gormezano et al. 2017). The
dive-hunting technique, where a bear swims underwater to-
ward its prey until it is close enough to launch an attack,
is used to approach seals resting on ice (Stirling 1974) or on
rocks (Stirling 2011; Bajzak et al. 2013). Similar dive-hunting
events have been reported on alcids in open water (Russell
1975; Stempniewicz et al. 2014; Obbard et al. 2022). We ob-
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Fig. 3. (a) The polar bear is swimming in a pond near a flock
of greater snow geese before its first predation attempt. (b)
The bear walks with the adult geese caught using the dive-
hunting technique.

served what seems to be the same dive-hunting technique but
in an environment where it is still undocumented, namely an
inland tundra pond.

An issue with the consumption of land-based resources by
polar bears is whether the calories they provide outweigh
their acquisition costs. Our calculations suggest that the dive-
hunting technique can be energetically efficient when aim-
ing for large birds such as greater snow geese and when pur-
suit durations are short (<15 min) and swimming costs are
low or minimal. Swimming metabolic costs experienced by
the bear we observed are likely comparable with the min-
imal costs used in our calculations. Indeed, low, high, and
maximal swimming metabolic costs were derived from polar
bears swimming continuously in the open sea (Griffen 2018)
at speeds higher than reported in other studies (2.0 km h−1,
Pagano et al. 2012; 2.0 km h−1, Pilfold et al. 2017), whereas the
individual we observed was intermittently paddling in a calm
tundra pond, resembling the in-tank captive situation from
which the minimal swimming metabolic costs were obtained
(Pagano et al. 2019). Moreover, the actual capture sequence,
which includes the bear approaching, diving, and resurfacing
under the goose, lasted less than a minute. An experienced
bear directly catching the goose could potentially shorten the
pursuit duration, increasing the energetic efficiency of the
chase. On the other hand, the overall interaction may not be

Fig. 4. Energetic efficiency thresholds for polar bears feeding
on adult greater snow goose based on pursuit duration and
bear mass. Shaded areas represent the pursuit durations for
which a chase can be profitable for a bear of a given mass,
with each area descending to 0 and being shown as over-
layed. Minimal costs represent calm water paddling (Pagano
et al. 2019). Low, high, and maximal cost areas are all rel-
ative to seafaring bears and represent the 2.5th percentile,
mean, and 97.5th percentile of metabolic costs observed by
Griffen (2018). Pursuit durations observed on Bylot Island are
presented in minutes/goose caught (dotted lines). The over-
all pursuit includes the second pursuit, which lasted 33 min
but in which no goose was caught, as well as the successful
first and third pursuits. The efficiency thresholds (pursuit du-
ration over which the energetic gains are equal to the costs)
were calculated as ET = gains/(Vo2 ∗ mass ∗ K), where gains
are 913.3 kcal (derived from Gormezano et al. (2016) and
scaled for a greater snow goose), Vo2 is the energetic costs of
swimming in mL g−1 min−1 derived from Pagano et al. (2019)
and Griffen (2018), and K = 4.735, the standard conversion
of 1 L of oxygen to kilocalories. The caloric value of a goose
used in our calculations is conservative since it assumes that
geese have negligible amounts of fat reserves at that time of
the year (Ankney and MacInnes 1978).

profitable when considering the energy lost during the un-
successful chase. During 7.5 h of observation, the bear cap-
tured only two adult geese and swam for a total of 58 min (i.e.,
29 min per bird caught on average), a cost–benefit ratio that is
less likely to be efficient (Fig. 4). In sum, the calories gained by
opportunistically dive-hunting geese may at times outweigh
the associated swimming costs, especially for light bears or
experienced individuals, but the overall benefit seems lower
when considering the bear’s entire energy budget.

Despite the additional calories individual bears may ac-
quire when opportunistically hunting flightless snow geese
in ponds, the added food resource is likely negligible at
the population level and is not expected to compensate for
the decline in seal-hunting opportunities caused by climate
change (Rode et al. 2015). Polar bear diet is mainly based on
fat, and the overconsumption of protein decreases their net
energy intake because of the need to metabolize and excrete
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excess nitrogen (Rode et al. 2021). The fat content of molting
snow geese is much lower than seals and may not align with
the macronutrient requirements of polar bears. In addition,
the availability of this food item is low; the temporal overlap
between flightless snow geese and land-roaming bears only
last 3–4 weeks (Marmillot et al. 2016), plus their spatial over-
lap is compromised by the geese patchy distribution. Polar
bears foraging on land might also have lower access to prey
due to competition with other terrestrial predators (Barnas
et al. 2020).

As for the greater snow goose colony of Bylot Island, such
predation events by polar bears in refuge ponds are unlikely
to affect its population dynamics. Sea-ice extent is usually still
large during the goose nesting period, and polar bears are
hence rarely observed inland, preventing them from wreak-
ing havoc as observed in some eider, gull, and other goose
species colonies (Drent and Prop 2008; Smith et al. 2010;
Iverson et al. 2014; Prop et al. 2015; Dey et al. 2017, 2018;
Jagielski et al. 2021). Also, as stated above, the overlap be-
tween on-land polar bears and the availability of vulnerable
and flightless geese is narrow. The observed interaction re-
ported in this paper should thus have little ecological conse-
quence on the snow goose population.

We report one of the northernmost observations of a po-
lar bear predation event on an adult bird and the first on
greater snow geese in a tundra pond. This description of a
dive-hunting technique in an inland waterbody adds to the
mounting evidence that polar bears may transfer hunting
strategies evolved on the sea ice to benefit from land-based
resources (Gormezano and Rockwell 2015). Our study shows
that the added calories obtained by opportunistically hunt-
ing geese in tundra ponds might at times benefit individual
bears, but the population-level consequences of these inter-
actions are likely minimal for both snow geese and bears.
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