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Abstract Supplemental food from anthropogenic sources is
a source of conflict with humans for many wildlife species.
Food-seeking behaviours by black bears Ursus americanus
and brown bears Ursus arctos can lead to property damage,
human injury and mortality of the offending bears. Such
conflicts are a well-known conservation management issue
wherever people live in bear habitats. In contrast, the use of
anthropogenic foods by the polar bear Ursus maritimus
is less common historically but is a growing conservation
and management issue across the Arctic. Here we present
six case studies that illustrate how negative food-related
interactions between humans and polar bears can become
either chronic or ephemeral and unpredictable. Our exam-
ination suggests that attractants are an increasing problem,
exacerbated by climate change-driven sea-ice losses that
cause increased use of terrestrial habitats by bears. Grow-
ing human populations and increased human visitation
increase the likelihood of human-polar bear conflict.
Efforts to reduce food conditioning in polar bears include
attractant management, proactive planning and adequate
resources for northern communities to reduce conflicts
and improve human safety. Permanent removal of un-
secured sources of nutrition, to reduce food conditioning,
should begin immediately at the local level as this will
help to reduce polar bear mortality.
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Introduction

lobally, human-wildlife conflict is an increasing threat

to species conservation. Wildlife conflicts include
crop damage, livestock depredation and human injury
(Naughton-Treves, 1998; Madden, 2004; Acharya et al,
2016; Nyhus, 2016). With climate warming-driven shifts in
resource availability and species distributions there is an
increased potential for human-wildlife conflict (LeDee et
al., 2020). However, addressing such conflict is a complex
process that involves many stakeholders with various
perspectives and objectives. Therefore, the approaches
taken to reduce conflicts differ widely (Dickman, 20105
White & Ward, 2010).

Most conflicts with wildlife are associated with habitat
loss or modification, changes in resource availability,
increasing human populations, incursion into wildlife
habitats and the provision of anthropogenic food that
can supplement energy input (Nyhus, 2016; Plaza &
Lambertucci, 2017). Supplemental food can have both
positive and negative effects on wildlife, including changes
in distribution, body condition, survival, reproduction and
population dynamics (Lunn & Stirling, 1985; Stringham,
1989; Becker et al., 2015; Lillie et al., 2019). For example,
polar bears feeding on subsistence-harvested bowhead
whale Balaena mysticetus carcasses ingest low-fat and
high-protein foods that could result in increases in
energetic expenditures and lead to health problems (Rode
et al, 2021). Although anthropogenic food can benefit
wildlife, it often brings animals near to humans and could
result in conflict. Management is particularly challenging
when access to anthropogenic food results in conflicts
with carnivores because of the combination of both
perceived and real threats to people and their property
(Naughton-Treves et al., 2003; Treves & Karanth, 2003;
Morehouse & Boyce, 2017).

Conflicts between people and bears have occurred
wherever and whenever their distributions overlap
(Rajpurohit & Krausman, 2000; Dai et al.,, 2020; Krofel
et al,, 2020) and often because of bears being attracted to
anthropogenic foods (Lunn & Stirling, 1985; Craighead
et al., 1995). Unsecured food and food waste can lead food-
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conditioned bears to associate humans with food rewards
(Herrero et al., 2005), resulting in property damage,
human injury and death (Herrero, 2018).

The relationship between black bears Ursus americanus
and brown bears Ursus arctos (including grizzly bears)
and anthropogenic attractants is well documented in the
continental USA (Wilson et al., 2005; Mazur, 2010). When
the US government established a national park and asso-
ciated visitor facilities, dumps were built to handle waste.
Bears then began foraging at these anthropogenic food
sources (Craighead et al., 1995). As bears became food-
conditioned, conflicts escalated, resulting in human injuries
and property damage (Craighead et al, 1995 Mazur &
Seher, 2008; Herrero, 2018). Attempts to control human-
bear conflict were often conducted in the absence of an un-
derstanding of the underlying causal factors (Haroldson
et al., 2008; Elfstrom et al., 2014). Although public educa-
tion, hazing, relocation and waste control actions were
implemented, abrupt dump closures resulted in increased
conflicts as food-conditioned bears sought alternative
sources of anthropogenic foods. In Yellowstone National
Park, dump closures resulted in a marked increase in
brown bear mortality and an associated population decline
(Craighead et al., 1995; Haroldson et al., 2008). Once habi-
tuated, food-conditioned bears might damage property and
injure people to obtain food (McCarthy & Seavoy, 1994;
Mazur & Seher, 2008; Elfstrom et al., 2014; Lillie et al.,
2018). Additional challenges arise from parent-offspring
learning in bears that can result in anthropogenic food use
in new generations (Lunn & Stirling, 1985; Mazur & Seher,
2008). Ultimately, preventing bears from gaining access to
anthropogenic food is necessary to reduce conflicts and
associated bear mortalities.

Because of their low population density and dependence
on remote sea-ice habitats, conflicts between people and
polar bears Ursus maritimus have been less frequent than
those between people and black and brown bears (Krofel
et al, 2020). Although less studied, human-polar bear
conflicts have a long association with anthropogenic foods
(Lunn & Stirling, 1985; Dyck, 2006; Rogers et al., 2015).
Polar bears on land are often food-deprived, and sea-ice
loss driven by climate warming has lengthened the dura-
tions that polar bears spend on land (Castro de la Guardia
et al., 2013; Stern & Laidre, 2016). Longer ice-free seasons in-
crease the energetic stresses on fasting polar bears (Castro
de la Guardia et al., 2013; Hamilton et al., 2014; Molnar et
al., 2020) and can lead to more polar bears seeking food
near human settlements (Stirling & Derocher, 1993; Towns
et al,, 2009; Heemskerk et al., 2020).

Here we examine case studies of polar bear attraction to
anthropogenic food and its role as a source of human-bear
conflict. We conclude with a consideration of the conserva-
tion and management implications of anthropogenic food
reliance.

Case studies

Polar bears are distributed across the Arctic in 19 sub-
populations within the jurisdictions of five countries (the
USA, Canada, Greenland, Norway and Russia; IUCN/SSC
Polar Bear Specialist Group, 2018) and are categorized as
Vulnerable on the IUCN Red List (Wiig et al., 2015). We
examine human-polar bear conflicts associated with an-
thropogenic food sources in six areas with a range of social
and environmental conditions (Fig. 1).

Churchill, Manitoba, Canada

The western Hudson Bay polar bear subpopulation spends
most of the year on the annual sea ice of Hudson Bay. When
the ice melts in summer, the entire subpopulation is forced
onto land. As sea ice reforms in autumn, polar bears migrate
northward. This seasonal phenomenon brings them close to
the town of Churchill (population c. goo people) and often
results in human-polar bear conflicts (Towns et al., 2009).
Polar bear attraction and use of anthropogenic food in-
creased when a military base and a beluga Delphinapterus
leucas whaling station were established in 1942, increasing
food attractants in and near Churchill (Stirling et al., 1977).
Use of a dump near the town was dominated by subadults
and family groups (Lunn & Stirling, 1985). By the 1960s food-
conditioned polar bears at Churchill became a public safety
concern as polar bears damaged property and inflicted injur-
ies on people whilst in search of anthropogenic food beyond
the dump (Fleck & Herrero, 1988; Struzik, 2014). Although
supplemental food from the dump was deemed to have min-
imal survival or reproductive benefit, polar bears returned to
the dump habitually every year (Lunn & Stirling, 1985). This
study also noted that in Nunavut, the jurisdiction north of
Manitoba, polar bears that used the Churchill dump were
twice as likely to be hunted by Inuit, for subsistence, com-
pared to polar bears that did not use the dump.
Government-sponsored programmes dedicated to deal-
ing with Churchill’s growing polar bear problem (Polar
Bear Control Program in 1969 and Polar Bear Alert
Program after 1984) were initiated to ensure human safety
and the protection of property (Kearney, 1989). Changes
to polar bear management policies in the 1980s resulted
in an effort to reduce the number of polar bears using the
dump habitually, through hazing, relocation, temporary
housing of polar bears at a holding facility until the
Hudson Bay froze, transportation to zoos or other captive
facilities, and lethal removal (Towns et al., 2009; Struzik,
2014; Heemskerk et al., 2020). The Churchill town dump
was closed in 2005 (Towns et al., 2009) and there was no
notable increase in the number of human-polar bear con-
flicts near Churchill. However, ascribing cause and effect
to these various actions is not possible because of a con-
current decline in subpopulation abundance and changing
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management practices, such as dump closures (Heemskerk
et al., 2020).

The Churchill experience with dump closure resulted in
markedly different outcomes from those seen with the
dump closures in Yellowstone National Park. In
Churchill, no increase in human-polar bear conflicts oc-
curred post-dump closure because a well-developed plan
and infrastructure were in place to address such conflicts,
the most problematic food-conditioned polar bears had
been removed before dump closure and the subpopulation
was declining in abundance because of climate warming.
Closing the dump, securing waste within a polar bear-
proof facility and public education decreased damage
and human injury.

Arviat, Nunavut, Canada

Human-polar bear conflict has increased in recent years in
some Nunavut communities. This has been attributed to
increased human presence on the land and increased polar
bear abundance; polar bears have spent more time on-
shore because of delayed sea-ice formation driven by cli-
mate warming (Dowsley & Wenzel, 2008). Arviat is a coastal
community of western Hudson Bay (population c. 3,000
people) in Nunavut, Canada. Polar bears in this area are
part of the western Hudson Bay subpopulation, which de-
clined from c. 1,200 to c. 800 polar bears during 1987-2011
(Lunn et al, 2016). Despite this decline in abundance,
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Fic. 1 Locations of polar bear visits to
dumps (Table 1) to exploit anthropogenic
food sources. The case study locations
are indicated in bold.

human-polar bear conflicts have increased over the past
several decades.

Arviat has an open dump that provides anthropogenic
food for polar bears. As a result, the number of polar
bears using the dump has grown each year since record
keeping began in the 1960s (Savikataaq, 2014). A deterrent
programme instituted in 2010 has reduced the destruction
of problem polar bears but the dump remains a signifi-
cant attractant. Delayed sea-ice formation in Hudson Bay
(Castro de la Guardia et al., 2017) has led to reduced body
condition of polar bears (Stirling et al., 1999; Sciullo et al.,
2016) and could be responsible for the increased use of the
dump as polar bears migrate northwards along the western
coast (Towns et al,, 2009). This case study illustrates how a
subpopulation of polar bears that is declining in abundance
because of the loss of sea-ice habitat could change move-
ment patterns in response to human food waste, resulting
in increased human-polar bear conflicts where few have
occurred historically.

Belushya Guba, Novaya Zemlya, Russia

In February 2019, Novaya Zemlya, a remote Russian archi-
pelago between the Barents Sea and the Kara Sea, experi-
enced a ‘mass invasion’ of polar bears (TASS Russian
News Agency, 2019). Reports indicated that 52 polar bears
had been drawn to a dump near the village of Belushya
Guba (population c. 2,000 people). For 2 weeks, dozens of
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TasLE 1 Locations, type of food and dates of polar bears Ursus maritimus visiting dumps across the Arctic.

Location (by country) Type of food Date Source

Canada

Churchill, Manitoba Waste dump Ongoing Lunn & Stirling (1985)

Paulatuk, Northwest Territories Waste dump 2000s Joint Secretariat (2015)

Tuktoyaktuk, Northwest Territories Waste dump c.2014 Joint Secretariat (2015)

Arviat, Nunavut Waste dump 9 Apr. 2009 Toth (2019)

Naujuut, Nunavut Field Camp Aug. 2018 Canadian Broadcasting Corporation
(2018)

Rankin Inlet, Nunavut Waste dump Undated, Canadian Wildlife Service (2009)

recent

Resolute Bay, Nunavut Waste dump 2003 Dyck (2006)

Kashechewan, Ontario Waste dump July 2016 Canadian Broadcasting Corporation
(2016)

Moose Factory, Ontario Waste dump Dec. 2015 Montgomery (2017)

Makkovik, Québec Waste dump Feb. 2019 Canadian Broadcasting Corporation
(2019)

Norway

Gashamna, Svalbard Field Camp Aug. 1998 D. Vongraven, pers. comm. (2022)

Russia

Belushya Guba, Arkhangelsk Waste dump 27 Nov. 2019  Nilsen (2019)

Leningradsky, Chukotka Waste dump May 2020 Ryabikova (2020)

Ryrkaypiy, Chukotka Waste dump Dec. 2019 Odynova (2019)

Egvekinot, Chukotka Dump truck Mar. 2016 Hooper (2016)

Norilsk, Krasnoyarsk Krai Waste dump June 2019 Bever (2019)

Bely Island, Yamalo-Nenets Autonomous Okrug Rubbish container  Dec. 2019 Siberian Times (2019)

Vilkitskiy Island, Yamalo-Nenets Autonomous Okrug  Rubbish container  Dec. 2019 Siberian Times (2019)

USA

Kaktovik, Alaska Whale remains Ongoing Miller et al. (2006)

polar bears congregated at the open dump. Some bears
entered the village, attempting to gain access to homes
and civic buildings. Consequently, local Russian authorities
declared a state of emergency on 16 February 2019 that
lasted 10 days (TASS Russian News Agency, 2019).
Although polar bears had visited the dump in previous
years, this event was unprecedented and likely the result
of a lengthened on-shore fasting period because of the
loss of sea ice in the region. From the perspective of
human-polar bear conflict, the situation at Belushya
Guba illustrates that changes in the level of polar bear use
of anthropogenic food can occur rapidly. There is concern
that it is probable large numbers of polar bears will return
to the area in the future unless access to anthropogenic food
sources is eliminated.

Ryrkaypiy, Chukotka, Russia

In early December 2019, 60 polar bears congregated at a
dump near the village of Ryrkaypiy (population c. 600
people) in Russia’s Chukotka region (Odynova, 2019).
Ryrkaypiy is 0.8 km from the Chukchi Sea. The open
dump is a few hundred metres from the village. Polar

bears had unrestricted access to the dump and congregated
there until sea-ice formation occurred in late autumn. Both
young and old polar bears were observed at the dump, and
all were reported to be of below-average body condition.
Delayed sea-ice formation and poor body condition prob-
ably account for polar bear use of this dump (Odynova,
2019). These polar bears also entered the village, damaged
property and threatened inhabitants. Consequently, all pub-
lic events were cancelled, children were not allowed outside
and polar bear monitors worked to keep the polar bears out
of the village. Once the sea ice formed and thickened, polar
bears returned to the Chukchi Sea. This case illustrates that
sea-ice conditions and polar bear body condition are predic-
tors of human-polar bear conflicts and, as in other areas,
dumps are an attraction to polar bears and can increase
the numbers of problem animals in settlements.

Kaktovik, Alaska, USA

Located on the North Slope of Alaska, Kaktovik is a pre-
dominantly Inupiat community (population c. 180 people),
with a history of subsistence harvest of bowhead whales.
The remains of butchered bowhead whale carcasses left on
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beaches where butchering has occurred are a rich food
source for a portion of the Southern Beaufort Sea polar
bear subpopulation, ranging from minor dietary contribu-
tions (Boucher et al., 2019) to 15% of their diet (Bourque
et al., 2020). Approximately 16% of the Southern Beaufort
Sea polar bear subpopulation visits whale carcasses annually
at Kaktovik (Lillie et al., 2019).

Polar bears that were once drawn to the now protected
Kaktovik community dump are attracted by bowhead
whale remains following hunter harvesting. As many as
90 polar bears drawn from up to 160 km away gather near
Kaktovik each autumn to feed on whale carcasses. A similar
situation occurs in Barrow, Alaska (Herreman & Peacock,
2013), and this is probably related to increased land use by
the Southern Beaufort Sea polar bear subpopulation and
the availability of bowhead whale remains from subsistence
hunts (Miller et al., 2006). As in other examples where
human-mediated food creates an attraction, whale remains
represent a significant source of energy to polar bears, yet
polar bears feeding on whale remains could suffer negative
health effects (Rode et al., 2021) and they often enter the
community, damage property and threaten people. Per-
sistent and potentially dangerous polar bears that have
become accustomed to entering the community are some-
times euthanized because of public safety concerns. A
growing concern is the development of polar bear viewing
tourism in the town. Such tourism provides an economic
incentive to retain whale carcasses near town, presenting
management challenges. This case study illustrates the
challenges facing northern communities where traditional
harvesting activities interact with climate warming-driven
shifts in polar bear distributions and with their increased
reliance on anthropogenic food.

First Nations coastal communities in Ontario, Canada

The Southern Hudson Bay subpopulation of polar bears lives
on the sea ice of south-eastern Hudson Bay and James Bay
to the south. However, during the ice-free season these polar
bears move onto islands and coastal areas of James Bay and
the Hudson Bay coast of Ontario. First Nations communi-
ties (Fort Severn, Peawanuck, Kashechewan, Attawapiskat
and Moosonee/Moose Factory, population c. 250-3,500
people in each) are located along the western coast of
James Bay and near the Hudson Bay coast. Human-polar
bear conflicts related to attractants occur periodically at sea-
sonal camps and communities in these areas (Lemelin et al.,
2010). Spring goose hunting, during which hunters live in
small cabins or tent camps along the coast, often results in
conflict as this is when bears may come off the ice and
approach camps. On shore, polar bears raid caches of
harvested geese and are subsequently killed to protect the
harvest. In the late summer or autumn before sea ice

Polar bear conservation

forms, some polar bears visit dumps near these communi-
ties. Occasionally, polar bears are found south of the area
that is typically occupied during the ice-free season (Obbard
& Middel, 2012). In July 2016 an adult female polar bear and
two yearlings were found in the Kashechewan community
dump (Canadian Broadcasting Corporation, 2016). One of
the yearlings was shot when the family group entered
town. Farther south, in December 2015 a single polar bear
was shot at the Moose Factory dump (2 km north of the
community) in the interest of public safety (Canadian
Broadcasting Corporation, 2015), and in December 2020
an adult female polar bear and two yearlings were trans-
located from the Moose Factory dump (Moose Cree First
Nation, 2020).

Polar bear responses to small-scale attractants

The above case studies illustrate the relationship between
polar bears and large-scale attractants in the form of un-
secured dumps or supplemental food. Dumps affect polar
bears by providing an abundant, spatially and temporally
predictable source of nutrition that is often exploited during
lengthy periods when natural food sources are not available.
However, human-polar bear conflict has a long and often
unrecorded history involving much smaller-scale, ephem-
eral attractants such as those at hunting camps in Ontario.
Additional examples include camps supporting resource
extraction (e.g. oil and gas), tourism and research activities.
Even in communities with secure dumps, polar bears could
be attracted to animal carcasses stored outside homes, cook-
ing odours, other human-related scents and areas where
dogs are yarded. The following cases highlight situations
in which polar bears were attracted to small-scale attrac-
tants, with one resulting in two polar bears being killed
and the other resulting in a human fatality along with two
polar bear fatalities.

On 5 July 1998, near Gdshamna in Hornsund, Svalbard, a
group of 17 ecotourists and researchers established a field
camp. On 8 August 1998, a polar bear described as appearing
hungry and aggressive was observed near the cooking tent
used by the group. The bear approached to within 20 m of
people and was shot and killed. On the following day a se-
cond polar bear was observed near the camp’s rubbish burn-
ing site. When this bear rapidly approached two people, it
was shot at a distance of 6-10 m. Attempts to deter these
polar bears with noise makers and warning gunshots failed.
A necropsy found rubbish in the stomach of one of the
polar bears.

In August 2018, on White Island near the town of
Naujaat, Nunavut, three subsistence hunters were ap-
proached by a female polar bear and her yearling at their
camp (Rogers, 2018). The adult female attacked and killed
one person before the others, who had been lightly injured,
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could kill both bears. These polar bears were reported to
have been in good condition (Rogers, 2018). It is possible,
but uncertain, that anthropogenic scents (e.g. food, har-
vested animals) at the camp could have attracted these
polar bears.

These cases highlight that both human and polar bear
fatalities have been, and probably will continue to be, asso-
ciated with attractants at camps. With increasing tourism
in the Arctic (Runge et al., 2020), negative interactions with
polar bears are likely to increase.

Discussion

Unsecured dumps and other sources of anthropogenic food
can represent sources of nutrition for polar bears when cli-
mate warming-driven sea-ice loss makes natural food less
available. Polar bears often remain at these sources until
they are driven off, access is barred or natural food becomes
available. We have shown that human conflicts with polar
bears are often associated with attractants. Although
human-inflicted mortality of bears drawn to anthropogenic
wastes is a management concern, disease transmission rates
are also a concern because bears congregate in close prox-
imity to each other and to other scavenging species when
drawn to dumps. Little is known about disease transmission
rates amongst congregating bears, but transmission rates
are elevated where bears congregate at anthropogenic food
sources (Atwood et al., 2017; Whiteman et al., 2018). There
are numerous examples of other species experiencing higher
rates of disease transmission and outbreak when congre-
gated at anthropogenic food sources (Sorensen et al., 2014).

Food obtained from dumps is a poor substitute for the
bears’ natural diet (Plaza & Lambertucci, 2017; Rode et al.,
2021). Polar bears cannot subsist entirely on terrestrial
food because it lacks adequate levels of fat (Rode et al,
2015a), and although food ingested at dumps was found to
increase polar bear body mass when compared to polar
bears that did not use dumps, reproductive and survival
rates did not increase (Lunn & Stirling, 1985). As indiscrim-
inate foragers, polar bears often consume non-food waste
contaminated with food residues. This includes plastics (e.g.
bread bags, nappies, food waste in rubbish bags), metals
(e.g. aluminium foils with food residues, tin cans, batteries),
wood (e.g. toothpicks, skewers) and other materials that ei-
ther contain food (e.g. ceramics) or were coated with food.
Instances of polar bears experiencing serious health issues
or dying because of ingested materials at dumps have been
reported (Lunn & Stirling, 1985; Dickie, 2019; A.E. Derocher,
pers. obs., 2020; R. Stimmelmayr, pers. obs., 2020).

Polar bears that feed on anthropogenic food have higher
mortality rates than those that do not (Lunn & Stirling,
1985; McCarthy & Seavoy, 1994). Although not all food-
conditioned bears attack humans, individuals that do attack

are often food-conditioned (Herrero, 2018). When feeding
on anthropogenic food, a link between human scent and an-
thropogenic food is established. Upon entering a camp and
detecting a human scent, those same polar bears occasion-
ally enter tents in search of the food they expect to be present
(Herrero, 2018). Such polar bears are often shot either by
campers or by the authorities. Translocation is generally
not an option for food-conditioned bears because they
often resume their search for anthropogenic food when
released (Hopkins & Kalinowski, 2013). For these reasons,
the management of anthropogenic scents (i.e. attractant
security) should be a high priority throughout the range
of polar bears.

In summary, we have presented the following concerns
associated with the use of anthropogenic food by polar
bears: (1) Various forms of anthropogenic food can exacer-
bate human-polar bear conflict by attracting polar bears to
come into close contact with people. (2) If anthropogenic
food becomes unavailable or is reduced, food-conditioned
polar bears may seek alternative sources, leading them to
investigate nearby settlements. (3) Polar bears consuming
anthropogenic food may be exposed to harmful chemicals
and pollutants, could ingest non-food items or could be ex-
posed to novel diseases or parasites. (4) Feeding on anthropo-
genic food disrupts the natural movement and distribution of
polar bears. (5) Polar bears seeking anthropogenic food may
form unnatural aggregations, with negative consequences
for both polar bears and people. (6) Variations in the size,
temporal, and spatial dynamics of attractants necessitates
diverse management strategies. (7) Affected communities
are small and often lack the resources to manage anthropo-
genic attractants.

Problems of food conditioning in polar bears have been
reported in all five polar bear range states (the USA, Russia,
Canada, Greenland and Norway; Wilder et al., 2017; Fig. 1,
Table 1). As polar bears spend increasing amounts of time
on land as a result of climate warming-driven sea-ice
loss, the likelihood of them seeking anthropogenic food
increases (Stirling & Derocher, 1993; Derocher et al.,
2004). Along with decreasing body reserves and reduced
survival as a result of polar bears spending less time on ice
(Molnar et al., 2020), human-polar bear conflict may be-
come an increasing source of polar bear mortality if not
addressed. Unless anthropogenic sources of energy are se-
cured, this could represent an increasing threat to the
viability of some polar bear subpopulations and decrease
the safety of people living in affected regions.

Although the overarching threat from climate warming-
driven habitat loss will take many years to resolve, managing
anthropogenic waste should be addressed now. Work with
black and brown bears has shown that once access to an-
thropogenic food is eliminated, bears return to their natural
feeding strategies (Baruch-Mordo et al., 2014; Lewis et al.,
2015) and human-bear conflicts decrease.
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We do not need innovative solutions to the problem of
anthropogenic waste attracting polar bears, but rather an
immediate and concerted effort throughout the Arctic to
apply what is already known. Education, the implementa-
tion of polar bear-proof methods of waste storage, law en-
forcement and the provision of adequate resources at the
community level are required to mitigate this potentially in-
creasing problem. All communities noted here were small,
and thus have limited resources to deal with human-polar
bear conflict. In addition, the human population is in-
creasing across the Arctic. For example, the population in
Nunavut, Canada, is projected to grow by 31% from 2014
to 2035 (Heleniak, 2020). Therefore, waste will increase, as
will the potential for human-polar bear conflict associated
with anthropogenic food.

Historically, the attraction of polar bears to anthropo-
genic food has been uncommon because of infrequent over-
lap of polar bear feeding areas with human settlements.
Although polar bears are usually born on land, they spend
most of their lives far from people, on sea ice, where they
feed on marine mammals that provide an energy-rich diet
(Stirling & McEwan, 1975; DeMaster & Stirling, 1981).
Polar bears are largely driven ashore as a result of the annual
cycle of melting sea ice or in search of maternal denning ha-
bitats (Knudsen, 1978; Latour, 1981), during which time they
use up their fat stores as a source of energy (Derocher et al.,
1990; Ramsay et al,, 1991). In general, polar bears do not
continue to use anthropogenic food once sea ice becomes
available again (Lunn & Stirling, 1985).

As the global climate warms, the temporal and spatial
overlap between polar bears and people is increasing.
Reductions in both sea-ice habitat and prey availability are
predicted to become more prevalent across broader reaches
of the Arctic (Stirling & Derocher, 2012). Consequently,
polar bears will be drawn to anthropogenic food in more lo-
cations across the Arctic and for longer periods, thus threat-
ening their survival and human safety (Rode et al., 2015b).
This growing conflict will be most prominent in locations
where human settlements already overlap with areas
where polar bears wait for sea-ice formation. In some re-
gions of their range, polar bears are now spending more
time waiting on shore for the sea ice to freeze than before
2000 (Castro de la Guardia et al., 2017). Consequently,
polar bears are now spending more time searching for alter-
native food sources while land-bound. Naturally occurring
terrestrial foods, such as beached whale carcasses, bird eggs
and fish, are too limited in distribution and abundance to
substitute for the usual marine mammal diet of polar
bears (Rode et al., 2015b). Therefore, polar bears will ultim-
ately be drawn into settlements where nutrient-dense
anthropogenic food is often readily available. This is
particularly true in areas where once-small settlements
and associated dumps are now expanding (Odynova,
2019). The unprecedented polar bear incursion into Novaya

Polar bear conservation

Zemlya underscores how quickly a shift in resource use and
dependence can arise. Because these situations have high
potential for human-polar bear conflict, resulting in both
human injury and the removal of polar bears from declining
subpopulations, the negative implications of anthropogenic
food for polar bear conservation is a growing concern.

We recommend that localities implement the following
actions to address this growing problem: (1) better document
incidents of food-seeking behaviour (i.e. monitor the num-
ber of polar bears seeking food at dumps and other sources),
(2) examine the patterns and timing of food-seeking behav-
iour, (3) document the age and sex composition of food-
seeking polar bears, (4) test methods for keeping food
from polar bears, (5) assess the effectiveness of deterrence
methods used on food-seeking polar bears, (6) assess the
efficacy of relocation methods (e.g. helicopter relocation),
(7) examine recidivism rates amongst food-seeking polar
bears (i.e. food conditioning), and (8) develop a means of
predicting when polar bears could seek anthropogenic
food (e.g. sea-ice break-up, ice formation, body condition).

Acknowledgements This paper developed from a meeting in
Churchill, Manitoba, in autumn 2019 where the issue of dump use
by polar bears arose. We thank Dan Cox for suggesting exploration
of this issue and Polar Bears International for arranging this meeting.
This study did not receive funding from any agency.

Author contributions All authors contributed to the various com-
ponents of this work.

Conflicts of interest None.

Ethical standards No animals were handled during this study.
Research conducted in this paper complies with all ethical standards
in the jurisdictions of the authors and abided by the Oryx guidelines
on ethical standards.

References

AcHARYA, K.P,, PAUDEL, P.K,, NEUPANE, P.R. & KoHL, M. (2016)
Human-wildlife conflicts in Nepal: patterns of human fatalities and
injuries caused by large mammals. PLOS ONE, 11, €0161717.

ATtwoop, T.C, DuncaNn, C, PaTyk, K.A, Not, P, RHYAN, ],
McColrLuMm, M. etal. (2017) Environmental and behavioral changes
may influence the exposure of an Arctic apex predator to pathogens
and contaminants. Scientific Reports, 7, 13193.

BaArucH-MoORDO, S., WiLsoN, K.R,, LEwis, D.L., BRODERICK, J.,
Mao, J.S. & BRECK, S.W. (2014) Stochasticity in natural
forage production affects use of urban areas by black bears:
implications to management of human-bear conflicts.

PLOS ONE, 9, e85122.

BECKER, D.J., STREICKER, D.G. & ALTIZER, S. (2015) Linking
anthropogenic resources to wildlife-pathogen dynamics: a review
and meta-analysis. Ecology Letters, 18, 483-495.

BEVER, L. (2019) A starving polar bear wandered into a Russian city,
scavenging for food. The Washington Post, 19 June 2019.
washingtonpost.com/world/2019/06/19/starving-polar-bear-
wandered-into-city-scavenging-food-hundreds-miles-home
[accessed 22 January 2022].

Oryx, 2023, 57(4), 425-434 © The Author(s), 2022. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605322000278

https://doi.org/10.1017/50030605322000278 Published online by Cambridge University Press

431


http://WWW.washingtonpost.com/world/2019/06/19/starving-polar-bear-wandered-into-city-scavenging-food-hundreds-miles-home
http://WWW.washingtonpost.com/world/2019/06/19/starving-polar-bear-wandered-into-city-scavenging-food-hundreds-miles-home
https://doi.org/10.1017/S0030605322000278

432

T.S. Smith et al.

BOUCHER, N.P., DEROCHER, A.E. & RICHARDSON, E.S. (2019) Space
use patterns affect stable isotopes of polar bears (Ursus maritimus)
in the Beaufort Sea. Polar Biology, 42, 1581-1593.

BOURQUE, J., ATwoob, T.C,, Divoky, G.J., STEwART, C. &
MCcKINNEY, M.A. (2020) Fatty acid-based diet estimates suggest
ringed seal remain the main prey of southern Beaufort Sea polar
bears despite recent use of onshore food resources. Ecology and
Evolution, 10, 2093-2103.

CANADIAN BROADCASTING CORPORATION (2015) Polar bear found
feeding at Moose Factory dump shot dead. CBC News, 22 December
2015. cbc.ca/news/canada/sudbury/polar-bear-moose-factory-1.
3376268 [accessed 5 June 2021].

CANADIAN BROADCASTING CORPORATION (2016) Polar bear shot
after wandering through Kashechewan. CBC News, 21 July 2016.
cbc.ca/news/canada/sudbury/polar-bear-cub-shot-kashechewan-1.
3688025 [accessed 22 January 2022].

CANADIAN BrROADCASTING CORPORATION (2018) Survivor recalls
deadly encounter with polar bears. CBC News, 29 August 2018.
cbe.ca/news/canada/north/polar-bear-kimmirut-nunavut-death-1.
4803481 [accessed 22 January 2022].

CANADIAN BROADCASTING CORPORATION (2019) Polar bear captured
near Makkovik dump, 2nd still roaming the area. CBC News,

1 February 2019. cbc.ca/news/canada/newfoundland-labrador/polar-
bears-makkovik-warning-1.5002244 [accessed 22 January 2022].

CaNADIAN WILDLIFE SERVICE (2009) Consultations on the Proposed
Listing of the Polar Bear as Special Concern under the Species at Risk
Act. Conducted February-April 2009. Canadian Wildlife Service,
Igaluit, Nunavut.

CASTRO DE LA GUARDIA, L., DEROCHER, A.E.,, MYERs, P.G,,
TERWISSCHA VAN SCHELTINGA, A.D. & LuNN, N.J. (2013) Future
sea ice conditions in western Hudson Bay and consequences for
polar bears in the 21st century. Global Change Biology, 19, 2675-2687.

CASTRO DE LA GUARDIA, L., MYERS, P.G., DEROCHER, A.E., LUNN,
N.J. & TERWISSCHA VAN SCHELTINGA, A.D. (2017) Sea ice cycle in
western Hudson Bay, Canada, from a polar bear perspective.
Marine Ecology Progress Series, 564, 225-233.

CRAIGHEAD, J.J., SUMMER, J.S. & MITCHELL, J.A. (1995) The Grizzly
Bears of Yellowstone: Their Ecology in the Yellowstone Ecosystem,
1959-1992. Island Press, Washington, DC, USA.

Da1, Y.C.,, Hacker, C.E.,, ZHaNG, Y.G,, L1, Y., L1, J., XUE, Y.D. & L1,
D.Q. (2020) Conflicts of human with the Tibetan brown bear (Ursus
arctos pruinosus) in the Sanjiangyuan region, China. Global Ecology
and Conservation, 22, €01039.

DEMASTER, D.P. & STIRLING, L. (1981) Ursus maritimus. Mammalian
Species, 145, 1-7.

DEROCHER, A.E.,, LUNN, N.J. & STIRLING, L. (2004) Polar bears in a
warming climate. Integrative and Comparative Biology, 44, 163-176.

DEROCHER, A.E., NELSON, R.A,, STIRLING, I. & RaMsaY, M.A. (1990)
Effects of fasting and feeding on serum urea and creatinine levels in
polar bears. Marine Mammal Science, 6, 196-203.

DickIE, G. (2019) Polar bear’s plastic diets are a growing problem.
Hakai Magazine, 5 April 2019. hakaimagazine.com/news/polar-
bears-plastic-diets-a-growing-problem [accessed 28 January 2022].

DickMAN, AJ. (2010) Complexities of conflict: the importance of
considering social factors for effectively resolving human-wildlife
conflict. Animal Conservation, 13, 458—466.

DowsLEY, M. & WENZEL, G. (2008) ‘The time of the most polar bears’:
a co-management conflict in Nunavut. Arctic, 61, 177-189.

Dyck, M.G. (2006) Characteristics of polar bears killed in defense of
life and property in Nunavut, Canada, 1970-2000. Ursus, 17, 52-62.

ELESTROM, M., DAVEY, M.L., ZEDROSSER, A., MULLER, M., DE
BARrBA, M., STOEN, O.-G. et al. (2014) Do Scandinavian brown bears
approach settlements to obtain high-quality food? Biological
Conservation, 178, 128-135.

FLECK, S. & HERRERO, S. (1988) Polar Bear-Human Conflicts. Contract
report for Parks Canada and GNWT, contract 502/85/23.

Parks Canada, Calgary, Canada.

HaMILTON, S.G., CASTRO DE LA GUARDIA, L., DEROCHER, A.E.,,
SAHANATIEN, V., TREMBLAY, B. & HUARD, D. (2014) Projected
polar bear sea ice habitat in the Canadian Arctic archipelago.
PLOS ONE, 9, e113746.

HaroLDSON, M.A., ScuwaRrTz, C.C. & GUNTHER, K.A. (2008)
Grizzly bears in the greater Yellowstone ecosystem: from garbage,
controversy, and decline to recovery. Yellowstone Science, 16, 13-24.

HEEMSKERK, S., JoHNsON, A.C., HEpMAN, D., TriM, V., LunN, N.J,,
McGeacHY, D. & DEROCHER, A.E. (2020) Temporal dynamics of
human-polar bear conflicts in Churchill, Manitoba. Global Ecology
and Conservation, 24, €01320.

HEeLENIAK, T. (2020) The future of the Arctic populations. Polar
Geography, 44, 136-155.

HERREMAN, J. & PEACOCK, E. (2013) Polar bear use of a persistent food
subsidy: insights from non-invasive genetic sampling in Alaska.
Ursus, 24, 148-163.

HERRERO, S. (2018) Bear Attacks: Their Causes and Avoidance, 3rd
edition. Globe Pequot Press, Guilford, USA.

HEeRrRERO, S, SMIiTH, T., DEBRUYN, T.D., GUNTHER, K. & MAaTT, C.A.
(2005) Brown bear habituation to people - safety, risks, and benefits.
Wildlife Society Bulletin, 33, 362-373.

HooPER, B. (2016) Polar bear and cubs make dump truck their
personal playground. UPI, 21 March 2016. upi.com/Odd_News/
2016/03/21/Polar-bear-and-cubs-make-dump-truck-their-personal-
playground/8391458583503 [accessed 22 January 2022].

Horxkins, J.B. & KaLinowskl, S.T. (2013) The fate of transported
American black bears in Yosemite National Park. Ursus,

24, 120-126.

IUCN/SSC Porar BeARr SPECIALIST GROUP (2018) 2016 status
report on the world’s polar bear subpopulations. In Polar Bears:
Proceedings of the 18th Working Meeting of the IUCN/SSC Polar Bear
Specialist Group, 7-11 June 2016, Anchorage, Alaska, USA (eds
G.M. Durner, K.L. Laidre & G.S. York), pp. 1-21. IUCN, Gland,
Switzerland and Cambridge, UK.

JOINT SECRETARIAT (2015) Inuvialuit and Nunugq: A Polar Bear
Traditional Knowledge Study. Joint Secretariat, Inuvialuit
Settlement Region, Inuvik, Canada.

KEARNEY, S.R. (1989) The polar bear alert program at Churchill,
Manitoba. In Bear-People Conflicts: Proceedings of a Symposium on
Management Strategies (ed. M. Bromley), pp. 83-92. Northwest
Territories Department of Renewable Resources, Yellowknife,
Northwest Territories, Canada.

KNUDSEN, B. (1978) Time budgets of polar bears (Ursus maritimus) on
North Twin Island, James Bay, during summer. Canadian Journal
of Zoology, 56, 1627-1628.

KROFEL, M., ELESTROM, M., AMBARLI, H., BoMBIERI, G.,
GONZALEZ-BERNARDO, E., JERINA, K. et al. (2020) Human-bear
conflicts at the beginning of the twenty-first century: patterns,
determinants, and mitigation measures. In Bears of the World: Ecology,
Conservation and Management (eds M. Melletti & V. Penteriani),
pp. 213-226. Cambridge University Press, Cambridge, UK.

LATOUR, P.B. (1981) Spatial relationships and behavior of polar bears
(Ursus maritimus Phipps) concentrated on land during the ice-free
season of Hudson Bay. Canadian Journal of Zoology, 59, 1763-1774.

LeDEeE, O.E., HANDLER, S.D., HovIing, C.L,, SwaNsTON, CW. &
ZUCKERBERG, B. (2020) Preparing wildlife for climate change: how
far have we come? Journal of Wildlife Management, 85, 7-16.

LeMELIN, RH., DowsLEy, M., WALMARK, B., S1EBEL, F., BIrD, L.,
HUNTER, G. et al. (2010) Wabusk of the Omushkegouk: Cree—polar
bear (Ursus maritimus) interactions in northern Ontario.

Human Ecology, 38, 803-815.

Oryx, 2023, 57(4), 425-434 © The Author(s), 2022. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605322000278

https://doi.org/10.1017/50030605322000278 Published online by Cambridge University Press


http://www.cbc.ca/news/canada/sudbury/polar-bear-moose-factory-1.3376268
http://www.cbc.ca/news/canada/sudbury/polar-bear-moose-factory-1.3376268
http://www.cbc.ca/news/canada/sudbury/polar-bear-cub-shot-kashechewan-1.3688025
http://www.cbc.ca/news/canada/sudbury/polar-bear-cub-shot-kashechewan-1.3688025
http://www.cbc.ca/news/canada/north/polar-bear-kimmirut-nunavut-death-1.4803481
http://www.cbc.ca/news/canada/north/polar-bear-kimmirut-nunavut-death-1.4803481
http://www.cbc.ca/news/canada/newfoundland-labrador/polar-bears-makkovik-warning-1.5002244
http://www.cbc.ca/news/canada/newfoundland-labrador/polar-bears-makkovik-warning-1.5002244
Https://hakaimagazine.com/news/polar-bears-plastic-diets-a-growing-problem
Https://hakaimagazine.com/news/polar-bears-plastic-diets-a-growing-problem
http://www.upi.com/Odd_News/2016/03/21/Polar-bear-and-cubs-make-dump-truck-their-personal-playground/8391458583503
http://www.upi.com/Odd_News/2016/03/21/Polar-bear-and-cubs-make-dump-truck-their-personal-playground/8391458583503
http://www.upi.com/Odd_News/2016/03/21/Polar-bear-and-cubs-make-dump-truck-their-personal-playground/8391458583503
https://doi.org/10.1017/S0030605322000278

Lewis, D.L., BARUcH-MoORDO, S., WiLsoN, K.R,, BREck, SW., Mao,
J.S. & BRODERICK, J. (2015) Foraging ecology of black bears in urban
environments: guidance for human-bear conflict mitigation.
Ecosphere, 6, 1-18.

LitLie, K M., GEsg, EM., AtTwoop, T.C. & CONNER, M.M. (2019)
Use of subsistence-harvested whale carcasses by polar bears
in the southern Beaufort Sea. Arctic, 72, 404—412.

Lirrig, KM, Gesg, EM., Atrwoob, T.C. & SONSTHAGEN, S.A. (2018)
Development of on-shore behavior among polar bears (Ursus
maritimus) in the southern Beaufort Sea: inherited or learned?
Ecology and Evolution, 8, 7790-7799.

LunN, N.J. & STIRLING, L. (1985) The significance of supplemental
food to polar bears during the ice-free period of Hudson Bay.
Canadian Journal of Zoology, 63, 2291-2297.

Lunn, N.J., SERVANTY, S., REGEHR, E.V., CONVERSE, S.J.,
RICHARDSON, E. & STIRLING, . (2016) Demography of an apex
predator at the edge of its range: impacts of changing sea ice on polar
bears in Hudson Bay. Ecological Applications, 26, 1302-1320.

MADDEN, F. (2004) Creating coexistence between humans and
wildlife: global perspectives on local efforts to address human-
wildlife conflict. Human Dimensions of Wildlife, 9, 247-257.

Mazugr, RL. (2010) Does aversive conditioning reduce human-black
bear conflict? Journal of Wildlife Management, 74, 48-54.

MazUR, R.L. & SEHER, V. (2008) Socially learned foraging behaviour
in wild black bears, Ursus americanus. Animal Behaviour,

75, 1503-1508.

McCarTHY, T.M. & SEAVOY, RJ. (1994) Reducing nonsport losses
attributable to food conditioning: human and bear behavior
modification in an urban environment. Bears: Their Biology and
Management, 9, 75-84.

MILLER, S., SCHLIEBE, S. & PROFFITT, K. (2006) Demographics and
Behavior of Polar Bears Feeding on Bowhead Whale Carcasses at
Barter and Cross Islands, Alaska. OCS Study MMS 2006-14. Report
by U.S. Fish & Wildlife Service for Minerals Management Service.
Marine Mammals Management Office, Anchorage, USA.

MoLNAR, P.K, Birz, CM., HoLLAND, M.M,, KAy, J.E., PENK, S.R. &
AMsTRUP, S.C. (2020) Fasting season length sets temporal limits
for global polar bear persistence. Nature Climate Change,

10, 732-738.

MONTGOMERY, M. (2017) Polar bears, climate change, a new problem
for some northern communities. Radio Canada International,

16 March 2017. rcinet.ca/en/2017/03/16/polar-bears-climate-
change-a-new-problem-for-some-northern-communities
[accessed 22 January 2022].

Moost CREE FIrRsT NATION (2020) Polar bear updates. moosecree.
com/polar-bear-update [accessed 5 June 2020].

MoreHOUSE, A.T. & Boyck, M.S. (2017) Troublemaking carnivores:
conflicts with humans in a diverse assemblage of large carnivores.
Ecology and Society, 22, 4.

NaUGHTON-TREVES, L. (1998) Predicting patterns of crop damage
by wildlife around Kibale National Park, Uganda. Conservation
Biology, 12, 156-168.

NAUGHTON-TREVES, L., GROSSBERG, R. & TREVEs, A. (2003) Paying
for tolerance: rural citizens’ attitudes toward wolf depredation and
compensation. Conservation Biology, 17, 1500-1511.

NiLseN, T. (2019) Plastic waste on polar bears’ menu a growing
problem. The Barents Observer, 27 November 2019.
thebarentsobserver.com/en/ecology/2019/11/plastic-waste-polar-
bears-menu-growing-problem [accessed 22 January 2022].

NyHUS, P.J. (2016) Human-wildlife conflict and coexistence. Annual
Review of Environment and Resources, 41, 143-171.

OBBARD, M.E. & MIDDEL, K.R. (2012) Bounding the southern Hudson
Bay polar bear subpopulation. Ursus, 23, 134-144.

Polar bear conservation

ODpYNOVA, A. (2019) Dozens of hungry polar bears are causing
problems for a Russian village. CBS News, 6 December 2019.
cbsnews.com/news/polar-bears-ryrkaypiy-russia-evacuation-
suggested-in-chukotka-village-today-2019-12-06 [accessed
21 January 2020].

Praza, PI & LAMBERTUCCI, S.A. (2017) How are garbage dumps
impacting vertebrate demography, health, and conservation?
Global Ecology and Conservation, 12, 9—20.

RajpuroHIT, K.S. & KrRAUSMAN, P.R. (2000) Human-sloth-bear
conflicts in Madhya Pradesh, India. Wildlife Society Bulletin,

28, 393-399.

Ramsay, M.A., NELSON, R.A. & STIRLING, 1. (1991) Seasonal changes
in the ratio of serum urea to creatinine in feeding and fasting polar
bears. Canadian Journal of Zoology, 69, 298-302.

Ropeg, K.D., Rossins, C.T., NELsON, L. & AMsTRUP, S.C. (2015a) Can
polar bears use terrestrial foods to offset lost ice-based hunting
opportunities? Frontiers in Ecology and the Environment, 13, 138-145.

Ropk, K.D., RosBins, C.T., STRICKER, C.A., TArAs, B.D. &
TorLEFsON, T.N. (2021) Energetic and health effects of protein
overconsumption constrain dietary adaptation in an apex predator.
Scientific Reports, 11, 15309.

Ropg, K.D,, WiLsoN, RR,, REGEHR, E.V,, ST MARTIN, M., DouGLAs,
D.C. & O1soN, J. (2015b) Increased land use by Chukchi Sea polar
bears in relation to changing sea ice conditions. PLOS ONE,

10, €0142213.

RoGERs, M.C., PEAcoOCK, E,, SiMac, K., O’DELL, M.B. & WELKER,
J.M. (2015) Diet of female polar bears in the southern Beaufort
Sea of Alaska: evidence for an emerging alternative foraging
strategy in response to environmental change. Polar Biology,

38, 1035-1047.

ROGERS, S. (2018) Polar bears that killed Nunavut hunter were healthy,
GN says. Nunatsiaq News, 6 September 2018. nunatsiaq.com/stories/
article/65674polar_bears_involved_in_naujaat_attack_were_all_
healthy _gn_says [accessed 28 January 2022].

RUNGE, C.A,, DAIGLE, RM. & HaUsNER, V.H. (2020) Quantifying
tourism booms and the increasing footprint in the Arctic with
social media data. PLOS ONE, 15, €0227189.

RyaBikova, V. (2020) How Russians deal with over-curious bears.
Russia Beyond, 3 June 2020. rbth.com/lifestyle/332280-how-
russians-deal-with-over-curious-bears [accessed 22 January 2022].

SAVIKATAAQ, J.J. (2014) Operation Arviat Polar Bear Summary Report.
Arviat, Nunavut, Canada.

Sciuirro, L., THIEMANN, G.W. & LunN, N.J. (2016) Comparative
assessment of metrics for monitoring the body condition of polar
bears in western Hudson Bay. Journal of Zoology, 300, 45-58.

S1BERIAN TIMEs (2019) T-34 polar bear video explained: scientists
marked the predator in ‘safe paint’. The Siberian Times, 7 December
2019. siberiantimes.com/other/others/news/t-34-polar-bear-video-
explained-scientists-marked-the-predator-in-safe-paint
[accessed 22 January 2022].

SORENSEN, A., vaN BEeesT, M. & Brook, RK. (2014) Impacts of
wildlife baiting and supplemental feeding on infectious disease
transmission risk: a synthesis of knowledge. Preventive Veterinary
Medicine, 113, 356—363.

STERN, H.L. & LAIDRE, K.L. (2016) Sea-ice indicators of polar bear
habitat. The Cryosphere, 10, 1-15.

STIRLING, I. & DEROCHER, A.E. (1993) Possible impacts of climatic
warming on polar bears. Arctic, 46, 240-245.

STIRLING, . & DEROCHER, A.E. (2012) Effects of climate warming on
polar bears: a review of the evidence. Global Change Biology,

18, 2694-2706.

STIRLING, I. & McEwan, E.H. (1975) The calorific value of whole

ringed seals (Phoca hispida) in relation to polar bear (Ursus

Oryx, 2023, 57(4), 425-434 © The Author(s), 2022. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605322000278

https://doi.org/10.1017/50030605322000278 Published online by Cambridge University Press

433


http://www.rcinet.ca/en/2017/03/16/polar-bears-climate-change-a-new-problem-for-some-northern-communities
http://www.rcinet.ca/en/2017/03/16/polar-bears-climate-change-a-new-problem-for-some-northern-communities
http://www.moosecree.com/polar-bear-update
http://www.moosecree.com/polar-bear-update
http://www.thebarentsobserver.com/en/ecology/2019/11/plastic-waste-polar-bears-menu-growing-problem
http://www.thebarentsobserver.com/en/ecology/2019/11/plastic-waste-polar-bears-menu-growing-problem
http://www.cbsnews.com/news/polar-bears-ryrkaypiy-russia-evacuation-suggested-in-chukotka-village-today-2019-12-06
http://www.cbsnews.com/news/polar-bears-ryrkaypiy-russia-evacuation-suggested-in-chukotka-village-today-2019-12-06
Https://nunatsiaq.com/stories/article/65674polar_bears_involved_in_naujaat_attack_were_all_healthy_gn_says
Https://nunatsiaq.com/stories/article/65674polar_bears_involved_in_naujaat_attack_were_all_healthy_gn_says
Https://nunatsiaq.com/stories/article/65674polar_bears_involved_in_naujaat_attack_were_all_healthy_gn_says
http://www.rbth.com/lifestyle/332280-how-russians-deal-with-over-curious-bears
http://www.rbth.com/lifestyle/332280-how-russians-deal-with-over-curious-bears
http://www.siberiantimes.com/other/others/news/t-34-polar-bear-video-explained-scientists-marked-the-predator-in-safe-paint
http://www.siberiantimes.com/other/others/news/t-34-polar-bear-video-explained-scientists-marked-the-predator-in-safe-paint
https://doi.org/10.1017/S0030605322000278

434

T.S. Smith et al.

maritimus) ecology and hunting behavior. Canadian Journal of
Zoology, 53, 1021-1027.

STIRLING, L., JONKEL, C., SMITH, P., ROBERTSON, R. & Cross, D.
(1977) The ecology of the polar bear (Ursus maritimus) along the
western coast of Hudson Bay. Canadian Wildlife Service Occasional
Paper, 33, 1-64.

STIRLING, I, LUNN, N.J. & Iacozza, J. (1999) Long-term trends in the
population ecology of polar bears in western Hudson Bay in relation
to climatic change. Arctic, 52, 294-306.

STRINGHAM, S.F. (1989) Demographic consequences of bears eating
garbage in dumps: an overview. In Bear-People Conflicts:
Proceedings of a Symposium on Management Strategies
(ed. M. Bromley), pp. 35-42. Northwest Territories Department
of Renewable Resources, Yellowknife, Canada.

STRUZIK, E. (2014) Arctic Icons: How the Town of Churchill
Learned to Love its Polar Bears. Fitzhenry & Whiteside,

Markham, Canada.

TASS RussiaNn NEws AGENCY (2019) Emergency declared in Novaya
Zemlya archipelago over polar bear ‘invasion’. TASS, 9 February
2019. tass.com/emergencies/1043985 [accessed 20 January 2021].

TortH, K. (2019) Polar bears in North are getting into more garbage.
CBC News, 9 April 2019. cbc.ca/news/canada/north/plastics-in-
polar-bear-stomachs-1.5089982 [accessed 25 January 2022].

Towns, L., DEROCHER, A.E., STIRLING, L., LUNN, N.J. & HEDMAN, D.
(2009) Spatial and temporal patterns of problem polar bears in
Churchill, Manitoba. Polar Biology, 32, 1529-1537.

TREVES, A. & KaArRaNTH, K.U. (2003) Human-carnivore conflict and
perspectives on carnivore management worldwide. Conservation
Biology, 17, 1491-1499.

VON STACKELBERG, M. (2016) Polar bear shot after wandering
through Kashechewan. CBC News, 21 July 2016. cbc.ca/news/
canada/sudbury/polar-bear-cub-shot-kashechewan-1.3688025
[accessed 5 June 2021].

WHITE, P.CL. & WaRD, A.L (2010) Interdisciplinary approaches for
the management of existing and emerging human-wildlife conflicts.
Wildlife Research, 37, 623-629.

WHITEMAN, J.P., HArRLOW, H.]., DURNER, G.M., REGEHR, E.M,,
AMmsTRUP, S.C. & BEN-DAVID, M. (2018) Heightened immune
system function in polar bears using terrestrial habitats.
Physiological and Biochemical Zoology, 92, 1-11.

Wi, @., AMSTRUP, S., ATwooD, T., LAIDRE, K., LUNN, N., OBBARD,
M. et al. (2015) Ursus maritimus. In The IUCN Red List of
Threatened Species 2015. dx.doi.org/10.2305/[UCN.UK.2015-4.RLTS.
T22823A14871490.en.

WILDER, J.M., VONGRAVEN, D., ATwooD, T., HANSEN, B., JESSEN, A.,
KoCHNEV, A. et al. (2017) Polar bear attacks on humans:
implications of a changing climate. Wildlife Society Bulletin,

41, 537-547.

WILSON, S.M., MADEL, M.]., MaTTSON, D.J., GRAHAM, .M.,
BURCHFILED, J.A. & BELSKY, J.M. (2005) Natural landscape
features, human-related attractants, and conflict hotspots: a spatial
analysis of human-grizzly bear conflicts. Ursus, 16, 117-129.

Oryx, 2023, 57(4), 425-434 © The Author(s), 2022. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605322000278

https://doi.org/10.1017/50030605322000278 Published online by Cambridge University Press


http://www.tass.com/emergencies/1043985
http://www.cbc.ca/news/canada/north/plastics-in-polar-bear-stomachs-1.5089982
http://www.cbc.ca/news/canada/north/plastics-in-polar-bear-stomachs-1.5089982
http://www.cbc.ca/news/canada/sudbury/polar-bear-cub-shot-kashechewan-1.3688025
http://www.cbc.ca/news/canada/sudbury/polar-bear-cub-shot-kashechewan-1.3688025
https://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T22823A14871490.en
https://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T22823A14871490.en
https://doi.org/10.1017/S0030605322000278

	Anthropogenic food: an emerging threat to polar bears
	Abstract
	Introduction
	Case studies
	Churchill, Manitoba, Canada
	Arviat, Nunavut, Canada
	Belushya Guba, Novaya Zemlya, Russia
	Ryrkaypiy, Chukotka, Russia
	Kaktovik, Alaska, USA
	First Nations coastal communities in Ontario, Canada
	Polar bear responses to small-scale attractants

	Discussion
	Acknowledgements
	References


