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As an apex predator dependent on sea ice as habitat for catching
prey, polar bears (Ursus maritimus) are threatened in terms of
survival rates due to the loss of sea ice in relation to climate
change. Current management plans have made modest progress in
providing adequate assessment and management of the 19 polar
bear subpopulations in the five nations containing the subpopula-
tions: Canada, Russia, Greenland, Norway, and the USA. Polar bears
are distributed across Large Marine Ecosystems (LMEs) where
changes in ice cover are affecting their survival. This paper
describes the utility of a transboundary ecosystem-based adaptive
management approach to sustain polar bear subpopulations
during climate change. The LME framework provides a means to
measure change in five modules (productivity, fish and fisheries
and marine mammals, pollution and ecosystem health, socio-
economics, and governance) and assess changes in environmental
conditions to initiate conservation and recovery. In particular, this
paper demonstrates that the LME approach can provide a means of
diagnostic analyses and strategic planning for transboundary polar
bear conservation in Arctic LMEs during climate change.
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1. Introduction

As an animal in a position to reflect the changing health and conditions of marine ecosystems, the
polar bear (Ursus maritimus) is now in need of a global plan of action for addressing the gaps between
a global vision for sustaining a species and regional wildlife management plans (Wilder, 2013). Given
the circumpolar habitat of polar bears as they are found in areas of annual ice cover over the
continental shelves and inter-island channels of the archipelagos of Canada, Russian Federation,
Greenland, Norway, and USA (Amstrup and Gardner, 1994; Prestrud and Sterling, 1994), a successful
approach to their survival would need to consider transboundary cooperative assessment and
management practices. Management plans for polar bears have mostly focused on harvesting limits,
which have been successful over the last 40 years in so far as a reduction in yield in many areas has
occurred (Freeman and Wenzel, 2006; Peacock et al., 2011). However, management plans for the
protection of polar bear habitat have been limited to some terrestrial zones (e.g., Wapusk National
Park in Manitoba, Ontario Polar Bear Provincial Park in Ontario, Kong Karl's Land in Svalbard) (Bankes,
2009; ECO, 2013; Peacock et al., 2011) with little attention to marine areas. Crucial topics such as
climate change, habitat protection, and human-wildlife interactions (e.g., maritime activities, human-
wildlife conflicts) are discussed in international advisory management meetings. However, little to no
progress has been made in responding to the difficult challenge of addressing the most important
threat to polar bears, climate change. Climate change is likely to result in large-scale habitat
alterations in the Arctic through declines in sea ice thickness as a result of warming trends
(Sahanatien and Derocher, 2012). Declines in sea ice thickness are likely to negatively affect sea ice
connectivity, which results in highly fragmented landscapes that are energetically costly for polar
bears to rely upon for foraging and mating (Derocher et al., 2004; Laidre et al., 2008, Molnár et al.,
2010; Sahanatien and Derocher, 2012).

Over the last 40 years, the multinational Agreement on the Conservation of Polar Bears (MMCC, 1973)
(referred to as the “Agreement”) has made an attempt at applying ecosystem-based principles to polar
bear issues. However, the Agreement has fallen short of providing a framework through which
challenges to the survival of polar bears can be effectively addressed. The Agreement specifies that
ecosystems require protection through action on behalf of each of the signatory nations, yet national
management has focused on polar bears as a single-sector through emphasis on harvest policies
(Peacock et al., 2011; Sahanatien and Derocher, 2012; Thiemann et al., 2008b). The Agreement does not
provide the means through which ecosystems can be assessed and managed for polar bear
conservation, which is crucial to understanding and addressing the loss of sea ice under the main
threat of climate change.

The Large Marine Ecosystem (LME) methodology for assessment and sustainable development of
marine resources can serve as a strategic approach for sustaining polar bear subpopulations, similar to
the ecosystem-based approaches previously called upon for polar bear subpopulations in other
studies (Amstrup et al., 2008; Thiemann et al., 2008b). LMEs are coastal and oceanic regions defined
by four ecological and oceanographic parameters: bathymetry, hydrography, productivity, and
trophically dependent populations (Sherman, 2005; Sherman and Alexander, 1986). LMEs are
generally in the order of 200,000 km2 or more, and can encompass coastal zones, continental shelves,
and coastal currents (Duda and Sherman, 2002). Currently, 66 LMEs are delineated and recognized in
international circles as a means to achieve ecosystem-based, multi-country management of marine
natural resources, particularly biotic resources (IOC-UNESCO, 2013). LMEs around the world face
similar problems such as coastal development, pollution, resource extraction, and invasive species.
Given that LMEs necessarily traverse national and political boundaries as they extend across or
beyond territorial waters and Exclusive Economic Zones, their sound management is dependent on
multinational collaboration.

The LMEmethodology provides a framework for evaluating, monitoring, and managing ecosystems
while integrating human dimensions through five modules: productivity, fish and fisheries, pollution
and ecosystem health, socioeconomics, and governance (Sherman and Duda, 1999). Through an
analysis of the modules, diagnostics and strategic programs are developed as a means to assess the
trends of LMEs and implement an adaptive approach to addressing their changing conditions
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(Sherman, 2014). Over the past 15 years, the Global Environment Facility (GEF) has provided financial
support to eligible countries working together on LME projects to reduce coastal pollution, restore
habitats, recover fisheries, protect biodiversity, and mitigate and adapt to the effects of climate change
(Hume and Duda, 2012). In this manner, several comprehensive multinational programs (e.g.,
Benguela Current Commission) have been established to sustainably manage marine resources and
have met varying degrees of success for reversing environmental degradation (Cochrane et al., 2009).
Although only one of the countries with polar bear subpopulations is eligible for GEF funds (i.e.,
Russian Federation), the present and future condition of polar bear subpopulations lies with all five
countries. The GEF process can help operationalize an ecosystem-based approach for polar bear
assessment and management through collaboration by GEF-eligible and GEF ineligible countries. The
four GEF-donor countries (Canada, Greenland, Norway, and the USA) and one GEF-eligible country
(Russian Federation) can apply LME principles and support a global plan for an ecosystem-based
approach for sustaining polar bear species during climate change.
2. The LME approach of ecosystem-based management to polar bears

The foundation of the LME approach is ecosystem-based management (EBM) (Sherman, 2005;
Sherman and Duda, 1999). EBM considers ecosystem components on a long-term and comprehensive
basis in contrast to a sector-by-sector approach currently found in many natural resource
management practices (e.g., forestry, fisheries) (Duda and Sherman, 2002; McLeod et al., 2005;
Sherman, 1999). The application of EBM recognizes that healthy ecosystems are only possible with an
understanding and integration of ecosystem components and their interactions (Christensen et al.,
1996; McLeod and Leslie, 2009; Slocombe, 1998). The application of EBM accepts that the function and
structure of ecosystems are compound and operate over a wide range of spatial and temporal scales.
Thus, EBM requires relevant and appropriate scales (i.e., multiple, long-term, sustainable) for
management. Further, EBM practice acknowledges that uncertainties are inherent, which requires a
prescription for adaptive management driven by the best-available science and the precautionary
principle (Christensen et al., 1996; Holling, 1973; Lee, 1993; Walters, 1986).

With the financial assistance of the GEF and the World Bank, EBM for recovering and sustaining
marine goods and services is being implemented in 110 countries in Africa, Asia, Latin America, and
eastern Europe (Duda and Sherman, 2002; Pernetta and Bewers, 2012; Sherman et al., 2010). The
projects involve multiple sectoral interests (e.g., fisheries, energy, recreation) where EBM practice is
applied to recover fish stocks, sustain fish populations, restore and enhance habitats (e.g., corals,
mangroves), reduce pollution, control effluents and nutrient over-enrichment, address acidification,
and mitigate and adapt to climate change (Sherman, 2014). Collaborative transboundary governance
arrangements involving countries sharing the resources of a LME are forged to overcome sectoral
barriers (e.g., disputes over borders, oil and gas, fisheries, maritime transport) and mutually tackle
urgent issues affecting marine resources across boundaries (e.g., Benguela Current Commission,
Caribbean LME Project, the Yellow Sea LME Project). The GEF process provides a means for countries
to collaborate, build trust and confidence, and work towards a common goal of sustainable
management (Carlisle, 2013). To prioritize issues, a scientific analysis in the form of a Transboundary
Diagnostic Analysis (TDA) is prepared which allows countries to formally identify and document
primary concerns related to their shared marine resources and sectors (e.g., fisheries, oil and gas,
transportation, recreation, tourism) (Carlisle, 2013; Pernetta and Bewers, 2012; Sherman, 2014).
Subsequent to a TDA, a political document in the form of a Strategic Action Program (SAP) is prepared
to allow countries to focus on resolutions related to those primary areas of focus identified in the TDA.
A SAP is critical to the advancement of sustainable development of marine resources in LMEs
(Alexander, 1993; Carlisle, 2013; Duda and Sherman, 2002; Sherman, 2014).

A critical element to implementing EBM in LMEs is the notion that there is no “one-size-fits-all”
approach and solution. Each LME and its associated watershed is unique in its characteristics, and
EBM is successful in so far as countries adapt an EBM strategy under the umbrella of 5 LME modules
(productivity; fish and fisheries, and marine mammals; pollution and ecosystem health; socio-
economics; governance) to suit their respective needs (Carlisle, 2013). While the LME modules are the
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foundation common to all TDAs and SAPs, the LME approach is flexible enough to accommodate novel
and alternative country-driven programs (Carlisle, 2013; Sherman, 2014). Consequently, success of
EBM is measured in varying degrees and parameters. A crucial component of LMEs is the examination
Fig. 1. Large Marine Ecosystems (LMEs) of the Arctic and Polar Bear Subpopulations. Heavy black line represents the borders of
LMEs and dashed line represents polar bear subpopulations.
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of linkages among coastal and marine zones to identify high priority areas of degradation and the root
causes of problems (e.g., www.benguelacc.org and www.yslme.org) (Oh et al., 2005; Tang, 1993, 2003;
UNDP/GEF, 2009).

Fourteen arctic LMEs contain whole or parts of polar bear subpopulations and 3 LMEs contain
marginal subpopulations and require confirmation of presence (see Fig. 1). Table 1 provides an
Table 1
Polar bear subpopulations in Arctic Large Marine Ecosystems. Data sources: Large Marine Ecosystem Program (lme.noaa.gov),
Arctic Biodiversity Data Service (www.abds.is).

Large marine ecosystem Polar bear subpopulation (s) in LME Governing nation (s) of LME and
polar bear subpopulation

Hudson Bay Complex Southern Hudson Bay Canada
Western Hudson Bay Greenland
Foxe Basin
Davis Strait

Newfoundland-Labrador Shelf Davis Strait Canada
Canadian High Arctic–North Greenland Kane Basin Canada

Northern Beaufort Sea Greenland
Norwegian Bay
Arctic Basin

Central Arctic Ocean Arctic Basin Greenland
East Greenland Canada
Northern Beaufort Sea USA
Laptev Sea Russian Federation
Kara Sea Norway
Barents Sea

Beaufort Sea Southern Beaufort Sea Canada
Northern Beaufort Sea USA
Viscount Melville Bay
McClintock Channel
Arctic Basin
Lancaster Sound

Northern Bering–Chukchi Seas Chukchi Sea Russian Federation
Arctic Basin USA
Southern Beaufort Sea

East Siberian Sea Laptev Sea Russian Federation
Arctic Basin USA
Chukchi Sea

Laptev Sea Laptev Sea Russia Federation
Arctic Basin

Kara Sea Kara Sea Russia Federation
Arctic Basin Norway
Laptev Sea
Barents Sea

Barents Sea Barents Sea Norway
Kara Sea Russia Federation

Greenland Sea East Greenland Greenland
Barents Sea Norway

Canadian Eastern Arctic–West Greenland Sea Baffin Bay Canada
Kane Basin Greenland
East Greenland
Davis Strait
Lancaster Sound
Gulf of Boothia

East Bering Sea Chukchi Sea Russian Federation, USA
West Bering Sea Chukchi Sea Russian Federation, USA
aNorwegian Sea aBarents Sea Norway, Russian Federation
aIceland Shelf and Sea aEast Greenland Iceland, Greenland
aScotian Shelf aDavis Strait Canada

a Polar bear subpopulations are marginal in these LMEs and require assessment and confirmation.

www.arctic-council.org
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overview of polar bear subpopulations in LMEs. Within the LMEs there are 20–25,000 polar bears in
the combined jurisdictions of 5 Arctic nations: Canada, Russian Federation, Greenland, Norway, and
USA (PBSG, 2010). The distribution of polar bears is not uniform across these nations and has been
divided into 19 subpopulations (Aars et al., 2006). Polar bears demonstrate habitat selection of specific
ice, with preferences for sea ice over continental shelves (Arthur et al., 1996; Durner et al., 2009;
Stirling et al., 1993). These preferences for stable land-fast ice are attributable to the availability of
their primary prey, ringed seals (Pusa hispida), and shelter from adverse conditions (Mauritzen et al.,
2003). Of the 19 polar bear subpopulations, one is increasing, three are stable, eight are declining, and
seven are data deficient (PBSG, 2010), with some polar bear subpopulations dependent on both
marine and terrestrial areas (e.g., denning habitats) for their life histories.
3. Modular strategy for polar bear sustainability

The LME approach introduces EBM practice through application of modular indicators of changing
LME conditions. Three of the modules (productivity; fish and fisheries, and marine mammals;
pollution and ecosystem health) are centered on biophysical dimensions, while the last two
(socioeconomics; governance) involve human components. The extensive examination of these
modules is critical for incorporating science into adaptive management. The following section
provides a brief and preliminary review of how issues relevant to polar bears are assessed according to
the LME modules. A more comprehensive analysis is needed through the TDA process. As
demonstrated below, the five modules of the LME approach provide a means to assess the ecological
conditions of LMEs, which is crucial for adapting and establishing mitigative actions to climate change
for polar bears (Sherman, 2005).

3.1. Productivity

Trends in Arctic ice cover have been declining (Polyakov et al., 2010, Stroeve et al., 2007), and
primary productivity has increased 27.5 Tg C per year since 2003 (Arrigo et al., 2008). Between 2006
and 2007, the Arctic region experienced an additional growth by 35 Tg C per year in primary
productivity (Arrigo et al., 2008). Other models suggest that while a greater availability of sunlight due
to a lack of sea ice will result in an increase in open-water phytoplankton, nutrient availability may
limit this growth potential (Doney et al., 2012; Grebmeier et al., 2010; Steinacher et al., 2010).

Changes in primary productivity are particularly important to Arctic ecosystems due to the
sensitivity to sea-ice decline. In general, warmer temperatures and reduced sea ice favor
phytoplankton growth, which result in changes to overall ecosystem structure and trophic
interactions (Arrigo et al., 2008; Wassmann et al., 2011). For example, an increase in pelagic
productivity due to increases in phytoplankton and zooplankton was observed in the Beaufort Sea
during years when early ice retreat occurred (Sallon et al., 2011). In turn, the increase in pelagic
productivity may have positively affected the ringed seal populations of the region due to an increase
in available prey (e.g., Arctic cod Boreogadus saida) that depend on planktonic communities (Forest
et al., 2011; Grebmeier et al., 2010). However, this trend is not observed in all regions of the Arctic (e.g.,
Hudson Bay, southern Beaufort Sea) where seal productivity has not increased due to reduced ice
habitat (Harwood et al., 2012b).

In contrast to other regions (e.g., southern Beaufort Sea), the Chukchi Sea and northern Bering Seas
polar bear subpopulations have responded differently to the effects of declining sea ice (Harwood
et al., 2012a; Rode et al., 2014). Although the Chukchi Sea and northern Bering Seas have experienced
sea ice loss and warmer waters due to the effects of climate change, the polar bear subpopulations
have increased (Rode et al., 2014). The increase in polar bears corresponds to the evidence for higher
primary and marine productivity (e.g., prey species across trophic levels) found in the area (Rode et al.,
2014; Sakshaug, 2004, Walsh et al., 1989). Thus, an increase in sea ice loss may be moderated by an
increase in productivity in the Chukchi Sea and southern extents of polar bear habitat, however the
future long term trends of polar bear subpopulations in response to climate change in these regions is
unknown (Rode et al., 2014).
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3.2. Fish and fisheries, and marine mammals

Arctic fish and marine mammal populations are in a state of flux, with varying predictions of
adaptability to climate change (Burek et al. 2008; Kaschner et al., 2011; Kovacs et al., 2011; Laidre
et al., 2008). While some wildlife subpopulations are increasing in specific geographic areas (e.g.,
Bering–Chukchi–Beaufort Sea bowhead whales Balaena mysticetus, Bristol Bay beluga whales
Delphinapterus leucas, Lake Saimaa ringed seals P. hispida), they have yet to return to pre-
exploitation historical numbers (Simpkins et al., 2007). Causes of decline for many species in the
Arctic are primarily changes in climate conditions and sea ice extent, pollution, overharvest, and food
distribution and availability (Kutz et al., 2004; Post and Brodie, 2012; Regehr et al., 2010). The
reducing factor for polar bears is access to forage opportunities for ringed seals, which is directly
linked to availability of sea ice (Thiemann et al., 2008a). Without sea ice as a platform, polar bears are
unable to successfully hunt seals (Derocher et al., 2004; Durner et al., 2009).

Although abundance of polar bear subpopulations and ringed seals are associated, availability of
ringed seals to polar bears is variable in any given year due to the number and survival of seal pups
(Stirling and Øritsland, 1995; Thiemann et al., 2011). Ringed seals are a circumpolar arctic species
dependent on annual sea ice and land-fast ice for overwintering, mating, and moulting (Freitas et al.,
2008a). A crucial component of ringed seal habitat includes lair sites for parturition, nursing, and
hauling out and resting sites (Pilfold et al., 2014; Smith, 1987). As snow amasses on the lee side of a
pressure ridge in stable annual ice, seals depend on ice and overlying snow for their subnivean lairs
(Kelly et al., 2010). As such, seals can be found in preferential sites of near-shore fast ice and
interisland channels of archipelagos (Pilfold et al., 2014). Although little is known with respect to the
feeding ecology of ringed seals (Kelly et al., 2010; Young and Ferguson, 2013), seasonal variation in
movements are linked to life cycle stages. During the energetically costly activities of breeding and
moulting during the spring months, ringed seals are not spending much time foraging and thus lose
blubber that must be rebuilt through concentrated foraging activities (Freitas et al., 2008a). For
foraging during the summer months, seals move towards productive ice-edges such as glacier fronts
and offshore marginal ice areas in search of high concentrations of food with minimal to no feeding
along the way (Freitas et al., 2008a, 2008b). Important prey species for ringed seals include Arctic cod,
capelin (Mallotus villosus), sandlance (Ammodytes sp.) and Arctic sculpin (Myoxocephalus scorpioides)
(Kelly et al., 2010; Young and Ferguson, 2013). Availability of benthic prey for ringed seals is
considered relatively stable and thus contributes to ringed seal site fidelity (Kelly et al., 2010).

Ringed seals also prey on invertebrates on the underside of ice such as gammarid amphipods (Kelly
et al., 2010). The diversity and abundance of invertebrates and associated fish on the underside of the
ice may be correlated with the topography of the ice surface (Bradstreet, 1982; Kelly et al., 2010). Ice
topography is variable from year to year, and it is unknown how climate change will affect the future
trends in distribution and site fidelity of interconnected food web species.

Importantly, access to enough seals is crucial for female polar bears, who may be more susceptible
to climate change effects in sea ice and related changes in ringed seal populations (Thiemann et al.,
2011). Female polar bears follow delayed implantation and gaining weight following successful
mating events in spring is crucial (Molnár, 2009; Molnár et al., 2010). Unique to the polar bear species
of ursids, only pregnant females enter den sites to overwinter (Atkinson and Ramsay, 1995; Ramsay
and Stirling, 1988). Without adequate caloric intake through forage on ringed seals during the spring
and summer months, a female's physiological response is to reabsorb the blastocyst in autumn
(Ramsay and Stirling, 1988). When a pregnant female polar bear is underweight, the female will fail to
successfully reproduce, not enter a denning site, and will continue her life cycle in winter on sea ice
similar to male polar bears (Stirling and Derocher, 1993; Stirling and Parkinson, 2006). Thus, it
remains vital that female polar bears have access to stable ice fromwhich to hunt ringed seals during
the spring and summer months. Recent records indicate that sea ice break-up has been occurring 7–8
days earlier per decade (Molnár et al., 2011; Stirling and Parkinson, 2006). Actual numbers of
unsuccessful female polar bears that are unable to carry a fertilized embryo to term are not available,
however 40–100% of pregnant females are estimated to fail to reproduce if spring ice break-up occurs
1–2 months earlier than during the 1990s (Molnár et al., 2011).
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Although polar bears do not generally rely on walrus populations for prey, older male bears can
consume walruses when opportune (Thiemann et al., 2008a). Bears are better suited expending their
energy reserves for growth, reproduction, and maintenance in lieu of lengthy and challenging foraging
activities in search of distant walrus (Derocher, 2008; Derocher et al., 2004; Wiig et al., 2008). In the
Russian Federation and Alaska, thousands of walrus were displaced due to a decline in sea ice habitat
and shifts in productivity in the Chukchi Sea (Fischbach et al., 2009) requiring native hunters to travel
further in dangerous (e.g., less predictable) open water for subsistence hunting which decreases
overall socioeconomic conditions at the community level (Kapsch et al., 2010). Alternatively, walrus
populations may also be more susceptible to polar bear predation in areas where walruses migrate to
lands where they may face an increased exposure to polar bears (Calvert and Stirling, 1990; Kelly,
2001). Thus, understanding the role of productivity and correlations with invertebrates, fish, and
marine mammals in the Arctic is an integral component to understanding the health and changing
states of LMEs that polar bear subpopulations depend upon for their survival.
3.3. Pollution and ecosystem health

As a large carnivore and apex predator, polar bears may be indicators of ecosystem health in three
main areas. First, the Arctic region is experiencing a loss of summer sea ice extent at an estimated rate
of 10–12% per decade due to climate change in response to changes in greenhouse gas concentrations
and natural variability (Comiso et al., 2008; Serreze et al., 2007; Stroeve et al., 2007, 2012). Loss of sea
ice extent results in larger spans of open water, which contributes to thinner, first-year ice (i.e., ice
from previous fall and winter) the following spring months (Key et al., 2013; Stroeve et al., 2012).
Thinner ice is more susceptible to melting during summer months, and thus sea ice becomes further
limited as continuous habitat (Stroeve et al., 2012). For example, the largest decline of sea ice extent in
the Arctic observed thus far was in 2008 at a record of 10.67 million km2 (Stroeve et al., 2012)
Discontinuous habitat for polar bears results in a decrease in body mass condition due to the
constraints in ability to access food sources since habitat selection is associated with seal availability
(Mauritzen et al., 2003; Molnár et al. 2010, Stirling and Derocher, 2012; Stirling et al., 1993). Larger
areas of open water necessitate an increase in energy by polar bears for travel across fragmented
habitat (Mauritzen et al., 2003; Molnár et al., 2010; Sahanatien and Derocher, 2012). A decline in body
mass condition results in lower reproduction rates, which can ultimately lead to adverse changes to
polar bear population demographics (Molnár et al., 2010; Wiig et al., 2008). For example, a lack of food
availability or fat accumulation in nursing females is attributed as the main cause of death in cubs in
the subpopulations residing within the Hudson Bay LME (Derocher and Stirling, 1996, 1998; Derocher,
2012). Further, polar bears are likely to experience longer fasting periods and reduced on-ice feeding
times in areas where spring sea ice break-up takes place increasingly early (Molnár et al., 2010;
Stirling and Parkinson, 2006; Stirling and Derocher, 2012). Second, bioaccumulation occurs in polar
bears due to their position as apex predator in the Arctic food web (Norstrom et al., 1998). The ringed
seal demonstrates under-ice habitat site-fidelity and accumulates persistent chlorinated hydro-
carbons in their diet since under-ice ocean currents tend to play a role as sinks for many pesticides
and industrial chemicals (Norstrom et al., 1998). Due to their dependency on ringed seals, polar bears
have been found with high (i.e., toxic) concentrations of persistent organic pollutants (POPs) (e.g.,
dioxins, furans, dichlorodiphenyltrichloroethane, polychlorinated biphenyls, dieldrin, lindane) (Bowes
and Jonkel, 1975, Henriksen et al., 2001; Muir et al., 1988; Norstrom et al., 1998; Norstrom, 1999). The
exposure and accumulation of contaminants may lead to low levels of thyroid hormones, antibodies,
and vitamin A, which interferes with a bear's ability to grow, reproduce, and fight disease and
infection (Jenssen, 2006; Norstrom, 1999, Sonne, 2010). Contaminants may also adversely affect bone
density and brain function in polar bears (Sonne, 2010). Further, population level effects of POPs can
be manifested through increased reproductive female and cub mortality rates. For example, lactating
females with high concentrations of POPs can transfer these toxins to cubs through their milk
(Bytingsvik et al., 2012; Derocher et al., 2003; Polischuk et al., 1995). Third, polar bears are vulnerable
to the effects of oil and gas exploration and operation activities that are likely to occur with more
frequency as the Arctic region becomes more accessible. Polar bears rely on their fur for insulation and
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direct contact with oil (e.g., oil on prey) can negatively affect a bear's ability to thermoregulate
(Derocher and Stirling, 1991; Hurst and Øritsland, 1982; Vongraven and Peacock, 2011). Also, ingested
oil may lead to long-term health effects in polar bears through liver and kidney damage (Hurst and
Øritsland, 1982). Denning habitats are also affected by direct oil contact; the harmful effects of oil
spills can permanently and irreversibly alter habitat (Amstrup and Gardner, 1994; Stirling, 1990).
3.4. Socioeconomics

Coastal areas of the Arctic LMEs are inhabited by small settlements, often of indigenous people,
military camps, or larger communities dependent on an operational port, factory, or resource
extraction (e.g., oil and gas). The total human population in the Arctic is estimated at 4 million,
unevenly distributed across the vast northern landscape (Young and Einarsson, 2004). Arctic societies
and cultures are historically resilient as they have faced and overcome many challenges to living in the
North. For example, many Arctic peoples have incorporated technology (e.g., snowmobiles, internet)
into their lives, albeit with juxtaposed and mixed acceptance by community members and elders
(Ford et al., 2006). Hunting and fishing remain important activities particularly for subsistence living
in Arctic communities, of which ice plays a significant role in the pursuit of livelihoods (Ford et al.,
2006; George et al., 2004). Despite the adaptability of Arctic peoples, forthcoming challenges due to
climate change include biophysical and socioeconomic stressors that may forever change their ways of
life (e.g., discontinuous melting of permafrost affects infrastructure) (Young and Einarsson, 2004).
Further, many Arctic communities are dependent on one or a few economies such as hydrocarbons,
fisheries, or marine mammal products and thus are adversely affected when resources are limited, in a
state of decline, or boycotted by far away markets (Young and Einarsson, 2004).

Over the last 30 years, tourism related to polar bears has become a lucrative industry in some areas
(e.g., Churchill, Manitoba, and Svalbard, Norway) for a variety of reasons from photography of wild
charismatic megafauna to ‘last-chance' tourism of viewing endangered species (Aars et al., 2005;
Lemelin et al., 2010; Newton et al., 2002). Each year, thousands of people embark on voyages to
observe polar bears in the wild by tundra vehicle on land in Churchill and by vessel in oceanic waters
in Svalbard. For example, the value of polar bear viewing in Churchill is calculated to be CAD$7.2
million per year (Olar et al., 2011). In terms of the preservation value of individual polar bears, studies
have shown that Canadian households place this amount at CAD$508, which totals CAD$6 billion per
year (Olar et al., 2011).

Currently, four of the five nations with polar bear subpopulations allow subsistence hunting.
Norway is the only country that prohibits all forms of hunting of polar bears. Canada is the only
country that uses a system of tags that local hunters are permitted to sell to sport or other non-
resident, non-citizen hunters. In such cases, the resident hunter must accompany the hunt and the
non-resident is allowed to kill the polar bear. The sale of a tag is estimated at around USD $20,000,
which is substantially greater than the sale of a pelt through the fur trade that is estimated around
USD $1000 (Dowsley, 2010). Subsistence hunting is considered to be in part supported by the sport
hunt since it provides a source of income and encourages development of necessary hunting skills
among younger resident hunters (Dowsley, 2010). Many northern communities in Canada impart
socio-cultural importance to both the sport and subsistence hunts and some communities support the
argument for an increase in allowable harvest levels (Dowsley, 2009; Dowsley and Wenzel, 2008).
Since the mid-1980s, maximum yields have not been exceeded in Canada and the harvest levels have
been less than the total allowable harvest quotas (CITES, 2010).

Remarkably, one non-resident hunt (at a cost of USD$45,450) in 2006 led to the verification of a
wild polar-grizzly bear hybrid (NBC, 2006). This type of ursid hybrid does not occur regularly in nature
due to the distinct ecological niches that grizzly bears (Ursus arctos ssp.) and polar bears occupy. This
type of interbreeding between ursid species might be an indicator of climate change that can be
highlighted on a global platform. Another hunt in 2010 revealed a second generation hybrid that was
born from a polar-grizzly hybrid female and a grizzly male (CBC, 2010). Moreover, between 1996 and
2009, wildlife researchers confirmed sightings of 12 grizzlies in Wapusk National Park near Churchill
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in northern Manitoba (Rockwell et al., 2008). Wapusk National Park is a protected area for female
polar bear denning habitat and is not a known area for grizzly bear populations (yet).
3.5. Governance

Governance of polar bears is inherently challenging due to the transnational perspective required
for purposive action. Global governance is thus needed as the definition “governing without sovereign
authority, relationships that transcend national frontiers” (Finkelstein, 1995) fits to the flexibility
required to cover the scope of issues affecting polar bears and their habitats. Over the last 40 years,
several global governance agreements have been attempted that have placed the polar bear at the
forefront of international wildlife management and Arctic importance (Koivurova, 2010). The
Agreement on the Conservation of Polar Bear was finalized in 1973 after years of discussions among
the five nations with polar bear subpopulations (Larsen and Stirling, 2009; MMCC, 1973). Essentially,
the Agreement was created to foster cooperation and sustainable management of polar bears at the
political and national level, with the Polar Bear Specialist Group (PBSG) under the International Union
for the Conservation of Nature (IUCN) Survival Service Commission as the Secretariat (Larsen and
Stirling, 2009). The Agreement was ratified by all five nations by 1977, though Indigenous peoples and
aboriginal groups of the Arctic were not recognized as partners until 1981. Also in 1981, Norway had
proposed to expand the Agreement to address other environmental issues of concern but was rejected
by the other nations (Larsen and Stirling, 2009). Other governance agreements were also created such
as the 1988 Inuvialuit-Inupiat Polar Bear Management Agreement for the Southern Beaufort Sea
subpopulation and the 2000 US-Russian Federation Polar Bear Agreement (Larsen and Stirling, 2009).

Implications of the loss of sea ice were recognized to be substantial by the IUCN and the US Federal
Government at the governance level. Polar bears were listed as “vulnerable” under the IUCN Red List
in 2008 and in the same year, the US Government listed the polar bear species as ‘threatened' under
the US Endangered Species Act (Hunter et al., 2010; Stirling and Derocher, 2012). The listing was
largely due to the role that the polar bear plays in projections of climate scenarios (Clark et al., 2008).
With respect to the other arctic nations, Greenland and Norway list the polar bear species as
“vulnerable” while Canada maintains the status as “special concern”. The Russian Federation lists the
polar bear as uncertain/rare/rehabilitating although hunting of polar bears has been banned since
1967 (Obbard et al., 2010).

Another significant governing action was the bilateral “Memorandum of Understanding” between
Canada and Greenland in 2009 to oversee conservation and protection of the Kane Basin and Baffin
Bay subpopulations (Clark et al., 2008; Hunter et al., 2010; Vongraven et al., 2012). At the biennial
meeting of the Agreement in December 2013, all five nations renewed the commitment to polar bear
conservation as they recognized that future decline in local subpopulations is probable. Climate
change, overharvest, and poaching were highlighted as key issues, although measures to address
these issues were not specified (NRDC, 2013). While all nations agreed that loss of sea ice is
attributable to climate change, the Agreement’s scope is outside of compliance and enforcement for
greenhouse gas and pollution reduction.

In addition, Canada maintains the position of allowing non-resident and resident harvest activities
to continue despite the concerns of overharvest levels from the Center of Biological Diversity (NRDC,
2013). Although poorly documented but often referred to, an illegal hunt in Russia is presumed to
occur which may be a setback for individual polar bears (Wiig et al., 2008). Some studies report high
levels of poaching of several hundred bears per year in the Chukchi/Bering Sea region (Angliss and
Lodge, 2004; Angliss and Outlaw, 2008). However, a general consensus based on credible evidence is
difficult to gather with respect to the occurrence of poaching in Russia, and recent discussions allude
that poaching is not a major concern (Tyrrell and Clark, 2014). The trade markets for polar bear parts
are primarily in China where a hide and skin can sell for USD $22,000 to $80,000 (NRDC, 2013). Thus,
the impetus for legal and illegal trade in polar bear parts may be possible, which is a consideration for
governance mechanisms that seek protection and conservation for polar bears.
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Overall, the Agreement has fallen short of providing a framework through which ecosystem-based
adaptive management can be realized. The Agreement lacks the legislative and regulatory setting for
ensuring funds and administrative support are available to fulfill the requirements for adaptive
management (e.g., addressing scientific uncertainty, applying strategic plans, assess restoration and
conservation options on a rolling-basis). The Agreement does not provide the institutional basis to
allow the polar bear nations to implement national conservation plans for polar bears in accordance
with collaborative and integrated agreed-upon principles and practices for ecosystem sustainability
(Peacock et al., 2011). While the Agreement calls for best-available science (Peacock et al., 2011;
Thiemann et al., 2008b), it does not provide the means through which nations can identify, analyze,
address and manage issues that are of a transboundary nature, which is crucial for long-term
sustainability of polar bear subpopulations.
4. An LME transboundary diagnostic analysis and strategic action program for polar bears

Thus far, the Agreement has not been able to fully address the impacts and scalar issues that affect
the 19 polar bear subpopulations (Peacock et al., 2011; Thiemann et al., 2008b). Interventions to
address the root problems for long term polar bear survival have not yet materialized; only one-third
of the total population of 20–25,000 polar bears is estimated to remain by 2050 (Amstrup et al., 2008;
Derocher et al., 2013). This remaining one-third is expected to only reside in areas north of the
Canadian archipelago and Greenland (Derocher 2012; Durner et al., 2009). It has been widely
recognized that a plan of action for sustaining this circumpolar and transboundary species is needed
(Derocher et al., 2013; ECO, 2013).

The TDA and SAP are parts of the GEF project cycle where GEF-eligible countries (e.g., Russian
Federation) are able to secure financial assistance for LME projects, the TDA and SAP are also processes
towards ecosystem-based management allowing for non-GEF eligible countries to participate in the
TDA and SAP. Non-GEF eligible countries can apply the TDA and SAP as a methodology towards
achieving a global plan for polar bears.

Transboundary issues are jointly identified and prioritized through the TDA, which allows
countries to examine and isolate the causes affecting sustainability issues in polar bear regions
(Carlisle, 2013; Wang, 2004). A TDA is based on scientific and technical information, which necessarily
includes Aboriginal Knowledge for polar bears (Peacock et al., 2011), and is developed by a country-
appointed Technical Task Team. The TDA is considered to be a fact-finding analysis used to scale the
relative importance of transboundary problems and challenges across all five polar bear nations
(Carlisle, 2013). Subsequent to a TDA, a SAP is a negotiated joint program of action that identifies
political, legal, and institutional reforms needed to address the priority problems identified in the
TDA. The SAP also outlines thematic strategies and investments needed to tackle the challenges
brought forth in the TDA. SAP development is linked to specific National Action Plans (NAP) regardless
of receiving GEF-funds, which provide direct and feasible strategies to implement. In this manner, the
five polar bear nations are accountable for their NAPs and SAPs.

To achieve polar bear conservation and protection, the TDA and SAP can allow for the development
and implementation of a plan for assessment and management of polar bears in Arctic LMEs. A TDA
focusing on polar bear assessment and sustainability during climate change would necessarily create a
call of investments from the five nations responsible for polar bear subpopulations. Through the TDA
and SAP processes, agreed-upon funding priorities may be created to relate to the key issue: declining
and unknown polar bear subpopulations facing further losses (Durner et al., 2009). While the SAP
would identify the thematic and target areas of intervention (e.g., climate change, pollution,
overharvest), the NAPs would require specific metrics for assessing, monitoring, and adaptively
managing the status of polar bears. Currently, one GEF-supported project mentions polar bear habitats
and subpopulations (e.g., see GEF Project ID 4485, www.iwlearn.et) from a conservation perspective
but the project does not examine the varying conditions and contexts of different Arctic LMEs needed
to implement management actions for sustaining polar bears during climate warming across all LMEs.
For example, a comparative analysis across the LME regions of polar bear subpopulations would assist
governments, donor agencies and policy makers to promote ecosystem-based polar bear management
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in Arctic LMEs. Specifically, analytical objectives of a GEF-funded project (i.e., led by the Russian
Federation) could include:
�
 The assessment, governance, and management protocols for sustaining polar bear subpopulations
in their respective LMEs.
�
 The advancement of a polar bear management reform process as it evolves in socioeconomic
contexts (e.g., poaching in Russia versus tourism and harvest in Canada). The analyses should focus
on points in the process where feasibility of management methods is questionable and thus likely
to be significantly changed.
�
 The analysis of strategies used by managers (e.g., adaptive management) pursuing sustainable
polar bear management to enhance the governance of polar bears across international boundaries.

With Russia as the only GEF-eligible country, a national biodiversity plan with international funds
can be focused on polar bear habitat projection and integrated coastal management. As such, the
involvement of WWF through their species and habitat focused projects (WWF, 2014) and the
intergovernmental forum of the 8 arctic nations known as the Arctic Council (AC, 2014) can leverage
further governance actions for polar bear conservation among the GEF-ineligible polar bear countries
(Canada, USA, Norway, Greenland) (Born et al., 2010). Governance actions necessitate investments and
commitments in biodiversity through self-financing projects for these countries ineligible for GEF-
funds.

As the IUCN/SSC PBSG has been in place as the Secretariat of the Agreement, the PBSG may be in a
prime position to head the LME approach for polar bears, though the five nations have mostly
disregarded the Agreement aside from changes to harvest levels (Parsons and Cornick, 2011; Tyrrell
and Clark, 2014). Timely negotiation and finalization of the TDA and SAP would require a thorough
understanding of polar bear issues. The PBSG is well suited for facilitation of the GEF documents as the
group is primarily composed of polar bear scientists and ecologists, government biologists, and a
senior WWF representative (at the time of writing) (IUCN, 2013).

Importantly, the modules of the LME approach are interdependent and interrelated (Carlisle, 2013).
For example, the carrying capacity of polar bears is linked to the phytoplankton availability in the
Arctic region through the food web dynamics of species dependent on sea ice for their habitats (e.g.,
fish and ringed seals). The growth of phytoplankton is linked to pollution and ecosystem health (e.g.,
contaminants). Sea ice changes can be tied directly to ecosystem resilience and the ability of
organisms to withstand and adapt to climate change. Predator-prey dynamics influence socio-
economic conditions in so far as subsistence hunting is dependent upon the availability of bears, seals,
fish, and other hunted species. With the identification of a Technical Task Team composed of the
expertise of the IUCN/SSC PBSG and other appropriate stakeholders, the TDA and SAP can be well
developed to address WWF’s recent call for a global plan for polar bears (Wilder, 2013).
5. Conclusion

For over 40 years, polar bears have been on international agendas as one of the most important
charismatic megafauna species of the Arctic. Unfortunately, adaptive management action programs
have not yet been implemented that can address the critical problem of loss of sea ice habitat for polar
bears across multiple country boundaries. While addressing the root causes of loss of sea ice is
multifaceted as multiple drivers of climate change remain far from the Arctic, a global plan and
coordinated approach for assessing and managing polar bear subpopulations in Arctic LMEs is needed
and required (ECO, 2013). Given that polar bears roam across vast lands and waters, a holistic
perspective through EBM is appropriate to address the issues affecting polar bear survival.

The LME approach is a means to achieve EBM and through the GEF process, countries can address
the imminent challenges to sustainability of polar bear subpopulations. The TDA and SAP provide a
practical process for arctic countries to achieve strategic actions that can be applied across the 14
arctic LMEs and within the boundaries of the five nations responsible for polar bear management.
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Continued application, implementation, and renewal of EBM for polar bears on a timely basis (e.g.,
3 years) would ensure that critical linkages between the LME modules are regularly updated and
revised as appropriate to the changing conditions of the Arctic. Consequently, the LME approach
would serve as an adaptable process that encourages sustainable management of polar bear
subpopulations.
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