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Disclaimer:

This Conservation Management Plan (Plan) delineates reasonable actions we, the U.S. Fish and Wildlife
(USFWS), believe will contribute to the conservation and recovery of polar bears (Ursus maritimus). Funds
necessary to achieve the objectives identified in this Plan are subject to budgetary and other constraints,

as well as the need to address other agency priorities. This Plan does not necessarily represent the views,
official positions, or approval of any individuals or agencies involved in its formulation, other than USFWS.
The approved Plan will be subject to modification as dictated by new findings, changes in species status, and
the completion of conservation management actions.

This Plan represents the views and interpretations of the USFWS regarding the conservation and recovery
of the polar bear only. USFWS’s approach set forth in this polar bear Conservation Management Plan does

not necessarily preclude other approaches in developing Endangered Species Act recovery plans or Marine
Mammal Protection Act conservation plans.
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Executive Summary

Today, polar bears roam the northern reaches of
the planet, but as their sea-ice habitat continues
to shrink due to Arctic warming, their future in
the U.S. and ultimately their continuation as a
species are at risk. Their eventual reprieve turns
on our collective willingness to address the factors
contributing to climate change and, in the interim,
on our ability to improve the chances that polar
bears survive in sufficient numbers and places

so that they are in a position to recover once the
necessary global actions are taken.

Polar bears are an ice-dependent species that rely
on sea ice as a platform to hunt ice seals and to
raise their young. The current global polar bear
population is estimated to be 22,000 to 31,000.
Polar bears range across 5 Arctic nations; for
management purposes, their population is divided
into 19 subpopulations. These subpopulations have
been further grouped into four ecoregions based
on the spatial and temporal dynamics of sea ice

in the subpopulations’ range. The near- and mid-
term impacts of sea-ice loss on polar bears will
vary among subpopulations and ecoregions but
over the long term, those impacts are anticipated
to be significant for polar bear numbers range wide
if global greenhouse gas emission levels are not
significantly reduced.

PLAN PHILOSOPHY

The Polar Bear Conservation Management Plan
(Plan) was developed as a practical guide to
implementation of polar bear conservation in the
United States. From a legal perspective, the purpose
of the Plan is to articulate the conditions whereby

polar bears would no longer need the protections

of the Endangered Species Act (ESA) and to lay

out a collective strategy that moves us towards
achieving those conditions. A parallel path is laid out
for improving the status of polar bears under the
Marine Mammal Protection Act (MMPA).

Many governmental and non-governmental
agencies, institutions, and organizations are
currently involved in polar bear conservation. These
entities are integral to the conservation of the
species. Going forward, conservation of polar bears
will require the collective will and collaboration of
nations and Native communities, of government
agencies and private organizations, of scientists

and subsistence hunters. This Plan reflects the
diverse input of several of those stakeholders. It also
emphasizes local engagement, from the oil and gas
industry activities on the North Slope of Alaska that
keep employees safe and minimize defense-of-life
kills, to the Alaska Native peoples who have lived
with and depended on polar bears for thousands

of years and will be integral to conservation of the
species going forward.

Although the Plan satisfies the statutory
requirements of the ESA and the MMPA, it is

more broadly focused than a typical recovery or
conservation plan. At its core, the Plan contains

a set of fundamental goals reflecting shared

values of diverse stakeholders. The goals focus on
conservation of polar bears while recognizing values
associated with subsistence take, human safety, and
economic activity.

USFWS
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Executive Summary

These fundamental goals are described in
quantitative terms associated with ESA and MMPA
requirements, and are stepped down to measurable
demographic and threats-based criteria. The Plan
identifies a suite of high priority conservation and
recovery actions to achieve those criteria. Strategic
monitoring will focus both on implementation (the
extent to which the plan is followed and recovery
actions are taken) and effectiveness (the extent to
which recovery actions are successful and progress
is made).

This Plan is meant to be a dynamic, living document
and is expected to be revised periodically as new
knowledge becomes available. Recognizing the
uncertainties inherent in polar bear management,
monitoring and research are integral to
implementation. As new information is gathered

to track and evaluate progress, it should feed back
into the Plan, allowing revision of the conservation
and recovery criteria, as well as refinement of the
conservation strategy.

THE PRIMARY THREAT TO POLAR BEARS

As identified in the final rule listing the polar bear
as a threatened species under the ESA, the decline
of sea ice habitat due to changing climate is the
primary threat to polar bears (73 FR 28211). The
single most important achievement for polar bear
conservation is decisive action to address Arctic
warming (Amstrup et al. 2010, Atwood et al. 2016),
which is driven primarily by increasing atmospheric
concentrations of greenhouse gases. Short of
action that effectively addresses the primary cause
of diminishing sea ice, it is unlikely that polar
bears will be recovered. Addressing the increased
atmospheric levels of greenhouse gases that are
resulting in Arctic warming will require global
action. While this Plan calls for action to promptly
reduce greenhouse gas emissions, the focus is on
wildlife management actions within the United
States that will contribute to the survival of polar
bears in the interim so that they are in a position to
recover once Arctic warming has been abated.

CONSERVATION STRATEGY

Along with the threat posed by sea-ice loss and

the inadequacy of existing regulatory mechanisms
to address climate change, other current or
potential sources of polar bear mortality will

likely become more significant going forward.
Potential management concerns in the U.S. include
human-bear conflicts and defense-of-life removals,
subsistence harvest, loss of denning habitat, and
contamination from spills. This plan outlines actions
the U.S. Fish and Wildlife Service (USFWS) and
its partners (“we”) can take to preclude these from
threatening the persistence or recovery of polar
bears while the global community works to address
and limit atmospheric levels of greenhouse gases.

MANAGEMENT GOALS AND CRITERIA

Polar bears are important to humans for many
reasons. In seeking an enduring, collaborative
strategy for management, this Plan recognizes

the array of values held by diverse communities
engaged in polar bear conservation. The Plan
proposes six Fundamental Goals. The first three
involve securing the long-term persistence of

polar bears on different geographic scales: (1)
range-wide (the global scale of the ESA listing);

(2) ecoregions (an intermediate scale that reflects a
goal of maintaining intraspecific diversity); and (3)
the State of Alaska (encompassing the 2 polar bear
subpopulations partially within the United States).
Fundamental Goal 4 recognizes the nutritional and
cultural needs of native peoples with connections to
polar bear populations, including the opportunity for
harvest of polar bears for subsistence purposes as
that term is understood in the context of U.S. laws.
Fundamental Goal 5 calls for continued management
of human-bear interactions to ensure human safety
and to conserve polar bears. Finally, Fundamental
Goal 6 seeks to achieve polar bear conservation
while minimizing restrictions to other activities
within the U.S. range of the polar bear, including
economic development.

Two criteria are identified as guidance for our
management actions under the MMPA. The first
calls for maintenance of the “health and stability of
the marine ecosystem” and for polar bears to retain
their role as a “significant functioning element of the
ecosystem,” as reflected in maintenance of at least
70% of the historical carrying capacity for polar
bears. The second is a take-based criterion requiring
that the rate of direct human-caused removals
maintains a subpopulation above its maximum

net productivity level (mnpl) relative to carrying
capacity.

The ESA recovery criteria for delisting are
expressed at a fundamental level for two
geographic scales. At the scale of the listed species,
the fundamental criterion is that probability

of persistence worldwide be at least 95% over

100 years. This Plan identifies 4 recovery units,
corresponding to four polar bear ecoregions. At
this intermediate scale, the fundamental criterion
is that the probability of persistence in each of the 4
recovery units be at least 90% over 100 years.

The ESA demographic criteria focus on four
measures of population status: survival rate,
recruitment rate, carrying capacity, and the rate

of human-caused removals. Recovery is achieved
when all of the following conditions are met in each
recovery unit: (i) the mean adult female survival rate
is at least 93-95% (currently and as projected over
100 years); (ii) the ratio of yearlings to adult females
is at least 0.1-0.3 (currently and as projected over
100 years); (iii) the carrying capacity, distribution,

6 Polar Bear Conservation Management Plan
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and connectivity in each recovery unit, both
currently and as projected over the next 100 years,
are such that the probability of persistence over 100
years is at least 90%; and (iv) the rate of human-
caused removals maintains the population in each
recovery unit above its maximum net productivity
level relative to carrying capacity.

The Plan then identifies ESA threats-based criteria
representing the levels at which sea-ice loss and
human-caused removals would not be considered

a threat under the ESA. Sea-ice loss, the primary
threat identified in the 2008 listing determination,
will cease to be a threat to polar bear recovery
when the average duration of the ice-free period

in each recovery unit (i) is expected not to exceed

4 months over the next 100 years based on model
projections, or (ii) is expected to stabilize at longer
than 4 months and there is evidence that polar bears
can meet the demographic criteria (above) under
that longer ice-free period. Human-caused removals
were not identified as a threat in the 2008 listing
rule. However, the rule recognized the potential that
they could become a threat to polar bear recovery,
in particular as populations are affected by sea-ice
loss. This would be the case if those human-caused
removals reduce the probability of persistence
below 90% over 100 years in any of the 4 recovery
units. Potential future management concerns posed
by disease, oil and gas activities, contamination
from spills, and increased Arctic shipping are
acknowledged but, because these factors have not
been identified as threats at present, no recovery
criteria are associated with them.

To achieve recovery under the ESA, the criteria at
all three levels—fundamental, demographic, and
threats-based—must be met.

CONSERVATION/RECOVERY ACTIONS

The Plan identifies a strategic suite of high priority
conservation and recovery actions. The first and
foremost action for the purpose of recovery is

to stop Arctic warming and the loss of sea ice

by limiting atmospheric levels of greenhouse
gases. The principal mechanism for doing that

is to substantially reduce global greenhouse gas
emissions. Other actions, which can be implemented
by USFWS and its partners, are aimed at the near-
and mid-term goal of providing polar bears in the
U.S. the best possible chance of persisting when
climate change has been addressed and further
Arctic warming has stopped. These actions include
managing human-bear conflicts, collaboratively
managing subsistence harvest, protecting denning
habitat, and minimizing the risk of contamination
from spills. While the focus of this plan is primarily
on actions in the U.S,, priority actions also

include collaborating with Canada and Russia on
management of the 2 subpopulations for which the
U.S. shares oversight.

Polar Bear Conservation Management Plan 7

Along with these actions, the Plan calls for
monitoring and research specifically targeting the
information needed to assess the Plan’s criteria and
guide the Plan’s actions. Strategic monitoring will
enable us to determine whether our actions, and
this Plan, are effective in the near- and mid-term at
conserving polar bears or whether they need to be
modified.

Finally, to facilitate implementation of these actions,
the Plan envisions continuation of the Recovery
Team in the form of a collaborative Implementation
Team. The Implementation Team will meet on a
regular basis to share information, revisit priorities,
and leverage resources.

USGS
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I. Background

I. BACKGROUND

Polar bears occur in 19 subpopulations throughout
the seasonally and permanently ice-covered marine
waters of the northern hemisphere (Arctic and
Subarctic), in Canada, Denmark (Greenland),
Norway, Russia, and the United States (Fig. 1). The
United States contains portions of two subpopula-
tions: the Chukchi Sea and the Southern Beaufort
Sea. These 2 subpopulations have also been identi-
fied as “stocks” under the MMPA.

Polar bear subpopulations have been further
classified as occurring in one of four ecoregions (Fig.
2, Amstrup et al. 2008) based on the spatial and
temporal dynamics of sea ice in the subpopulation’s
range. Subpopulations classified as occurring in the
Seasonal Ice Ecoregion share the characteristic that
the sea ice in their range fully melts in the summer,
during which time bears are forced on shore for
extended periods of time until the sea ice reforms.
Subpopulations occurring in the Archipelago
Ecoregion are characterized as having heavy

Figure 1. Map of the polar bear subpopulations (source: Polar Bear

annual and multi-year sea ice that fills the channels
between the Canadian Arctic Islands. Bears in this
ecoregion remain on the sea ice throughout the
year. The Polar Basin Divergent Ecoregion, which
includes the two United States subpopulations, is
characterized by the formation of annual sea ice
that is swept away from the shore as sea ice melts
during the summer. The Polar Basin Convergent
Ecoregion is characterized by annual sea ice that
converges towards shoreline, allowing bears access
to nearshore ice year-round. Although information
is limited, the global genetic structure of polar bears
appears to reflect the four ecoregions (Paetkau et al.
1999, Peacock et al. 2015).

The most recent circumpolar population estimate
by the IUCN Red List Assessment was 26,000 (95%
Confidence Interval of 22,000 to 31,000) polar bears
(Wiig et al. 2015).

Specialist

Group). The subpopulations include: Southern Beaufort Sea (SB), Chukchi Sea,
Laptev Sea, Kara Sea, Barents Sea, East Greenland, Northern Beaufort (NB), Kane
Basin (KB), Norwegian Bay (NW), Lancaster Sound (LS), Gulf of Boothia (GB),
M'Clintock Channel (MC), Viscount Melville Sound (VM), Baffin Bay, Davis Strait,
Foxe Basin, Western Hudson Bay (WH), Southern Hudson Bay and the Arctic Basin

(AB).
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Figure 2. Ice ecoregions (Amstrup et al. 2008). These ecoregions are equated with ESA

recovery units in this Plan.

Polar bears are relatively long-lived, and are
characterized by late sexual maturity, small litter
sizes, and extended maternal investment in raising
young. These are all factors that contribute to a low
reproductive rate; as a result, high adult survival
rates, particularly of females, are required to
maintain population levels. Survival rates exceeding
93 percent for adult females are essential to sustain
polar bear subpopulations (Regehr et al. 2015).

Sea ice is the primary habitat for polar bears. Polar
bears depend on sea ice as a platform on which

to: hunt and feed on seals; seek mates and breed,;
travel to terrestrial maternity denning areas; den;
and make long-distance movements. Polar bear
movements are closely tied to the seasonal dynamics
of sea-ice extent as it retreats northward during
summer melt and advances southward during
autumn freeze.

A more detailed biological background can be found
in Appendix A.

The United States Fish and Wildlife Service
(USFWS) listed the polar bear (Ursus maritimus)
as a threatened species under the Endangered
Species Act of 1973 as amended (ESA) on May 15,
2008 (73 FR 28211); as a result, it automatically
became a “depleted” species under the Marine
Mammal Protection Act of 1972 as amended
(MMPA).

The USFWS has four purposes for this Plan. The
first is to meet the recovery planning requirement

of the ESA. Section 4(f) directs the USFWS to
develop plans for listed species which identify
“objective, measurable” recovery criteria and
site-specific recovery actions with estimated time
and cost to completion (16 USC §1533(f)(1)(B)). The
second purpose is to develop a conservation plan
under the MMPA, patterned after ESA recovery
plans but with a goal of conserving and restoring a
species to its optimum sustainable population (16
USC § 1383 (b)). The third purpose is to create a
national plan related to management of polar bears
in the U.S. to be appended to the Circumpolar
Action Plan for Polar Bear Conservation developed
by the signatories to the 1973 Agreement on the
Conservation of Polar Bears. Those signatories

are the five countries with polar bear populations
(Canada, Denmark on behalf of Greenland, Norway,
the Russian Federation, and the United States),
known collectively as the “Range States.” Consistent
with the 1973 Agreement (Articles VII and IX), the
Range States prepared a Circumpolar Action Plan,
which will be supplemented by a national plan from
each country to describe the specific conservation
actions it will take, in accord with its domestic laws.
The final purpose of this Plan is to provide a unify-
ing framework for conservation of polar bears by
partners within the United States.

The Primary Threat to Polar Bears

Sea ice is rapidly thinning and retreating
throughout the Arctic (Stroeve et al. 2012). Multiple
combined and interrelated events have changed

10 Polar Bear Conservation Management Plan
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the extent and characteristics of sea ice during all
seasons, but particularly during summer. Arctic
warming is likely to continue for several decades
and possibly centuries given the current trends in
global greenhouse gas emissions (IPCC 2014), the
long persistence time of certain greenhouse gases in
the atmosphere (Moore and Braswell 1994), and the
lag times associated with global climate processes
attaining equilibrium (Mitchell 1989, Hansen et al.
2011). Hence, climate change effects on sea ice and
polar bears and their prey will very likely continue
for several decades or longer until increases in
atmospheric greenhouse gases are stopped.

The threats to polar bears identified in the ESA
listing determination were the loss of sea-ice
habitat due to climate change and the inadequacy
of existing mechanisms curtailing that threat (73
FR 28277). It cannot be overstated that the single
most important action for the recovery of polar
bears is to significantly reduce the present levels

of global greenhouse gas (GHG) emissions, which
are the primary cause of warming in the Arctic.
Recently, Atwood et al. (2016) corroborated the
climate threat by determining through Bayesian
network modeling that the most influential driver of
adverse polar bear outcomes in the future will likely
be declines in sea-ice conditions, and secondarily
declines in the marine prey base. Mortality from in
situ anthropogenic factors like hunting and defense
of life will likely exert considerably less influence

on future polar bear population outcomes, while
stressors such as trans-Arctic shipping, oil and

gas exploration, development, and production, and
point-source pollution appear to impose little risk to
the long-term persistence of polar bears.

The levels that global greenhouse gas emissions
reach in the coming decades will have a tremendous
influence on the abundance and distribution of
polar bears in the future. Polar bears will likely be

extirpated from much of their present-day range if
emissions continue to rise at current rates through-
out the 21st century (Amstrup et al. 2008); however,
if the rise in global mean temperature can be kept
below 2 degrees C, which could only be accom-
plished by prompt and very aggressive reductions in
worldwide GHG emissions, the probability of greatly
reduced polar bear populations could be substantial-
ly lowered (Atwood et al. 2016). The best prognosis
for polar bears entails aggressive GHG mitigation
combined with optimal polar bear management
practices, which together could maintain viable
polar bear populations in most regions of the Arctic
(Fig. 3, Amstrup et al. 2010). To that end, this Plan
provides a framework for USFWS and its partners
to accomplish the latter goal, while governments,
industries, and citizens throughout the world aspire
to accomplish the former.

There are positive signs. Parties to the United
Nations Framework Convention on Climate Change
(UNFCCC) agreed at their Paris meeting in Decem-
ber 2015 to the goal of “holding the increase in the
global average temperature to well below 2°C above
pre-industrial levels and to pursue efforts to limit
the temperature increase to 1.5°C” (Article 2.1(a),
United Nations 2015). Although the self-determined
pledges by each nation toward reducing their emis-
sions over the next 10-15 years are non-binding and
currently insufficient to keep warming under 2°C,
the Parties have agreed to work together to increase
those pledges before 2020. If the Paris Agreement’s
central aim to keep global warming well below 2°C
can be achieved, it is far more likely that polar bears
Arctic-wide can be fully recovered because the
threat of sea-ice loss will be significantly curtailed in
all recovery units.

Figure 3 illustrates the markedly different levels
of impact on polar bear habitat during summer
that result when hypothetical best-case (Fig. 3a)

USFWS
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I. Background

and worst-case (Fig. 3c) scenarios of future GHG
emissions are compared. The figure shows coastal
areas where polar bears could come ashore during
summer and spend no more than 4 months before
the sea ice returned, a period of food deprivation
that polar bears are well-adapted to accommodate
assuming they have adequate advance access to
prey (Molnar et al. 2010, 2014; Robbins et al. 2012).
If present rates of GHG emissions were to continue
unabated to century’s end (a worst-case scenario,
Fig. 3c), limited areas in the Canadian Archipelago
and northern Greenland might be suitable for polar
bears to occupy during summer, or possibly not,
because half of the climate models project ice-free
conditions lasting >5 months (a point when modeled
effects of food deprivation become more severe;
Molnar et al. 2010, 2014) Arctic-wide. The possibility
for such extreme summer sea ice melt under the
worst-case GHG emissions scenario raises concerns
for polar bear persistence, especially since prey
abundances could also be negatively impacted by
changes to the Arctic Ocean’s food web (Arrigo et
al. 2008; Hoegh-Guldberg and Bruno 2010; Schofield
et al. 2010; Tremblay et al. 2015). In stark contrast,
Fig. 3a shows end-of-century outcomes for a best-
case scenario in which GHG emissions are promptly
and very aggressively reduced to levels that keep
average global warming below 2°C (relative to the
preindustrial era). The aims of the Paris Agreement,
adopted by 195 countries in 2015 (United Nations
2015), calls for such aggressive GHG mitigation. At
century’s end under an aggressively mitigated GHG
emissions scenario (Fig. 3a), all models agree that
most coastal areas in the Canadian Archipelago and
northern Greenland could be used by polar bears
during summer without undue risk of becoming
stranded onshore for more than 4 months, and
perhaps similarly for areas in Russia, which would
improve the chances of polar bears persisting in all
4 ecoregions. Achieving the levels of mitigation put
forth by the Paris Agreement is arguably tentative,
however, in that it requires timely and unprec-
edented global commitments as well as unproven
technological advances (Tollefson 2015; Smith et al.
2016). If GHG emissions are promptly mitigated
and stabilized (Fig. 3b), all or most climate models
project the Canadian Archipelago and northern
Greenland could be used by polar bears during
summer (like Fig. 3a), while only half the models or
fewer project suitable coastal areas throughout the
rest of the Arctic.

The future for polar bears is yet to be determined,
and while many sources of uncertainty preclude

our ability to precisely forecast their future status
(Douglas and Atwood 2017), the sooner global
warming and sea ice loss are stopped, the better

the long-term prognosis for the species. To this end,
we endorse efforts everywhere, big and small, to
mitigate greenhouse gas emissions in an ecologically
sound manner, and emphasize the direct and imme-

diate relationship between success in these efforts
and the future status of the polar bear.

a) Aggressive mitigation
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Figure 3. Coastal areas where polar bears could come
ashore for no more than 4 months during each summer
of the last decade of the 21st century (2091-2100),

as projected by 6 global climate models forced with 3
greenhouse gas emission scenarios. With increasing
CO, emissions (Representative Concentration Pathway
[RCP] 2.6, 4.5, and 8.5 respectively), coastal areas where
the offshore summer ice-free period is projected to be 4
months or less in duration occur in fewer areas, and are
corroborated by fewer models. Colors along the coast-
lines denote the level of agreement among the 6 models
analyzed; greater uncertainty exists when fewer models
agree. Inset shows the observed rise in atmospheric CO,
from 1950-2014 (black line) and the scenario-specific
change from 2015-2100 (red line). Figure from Douglas
and Atwood (2017).
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Il. CONSERVATION STRATEGY

Although the need to reduce emissions contributing
to climate change has been recognized in national
plans (President’s Climate Action Plan, White
House 2013b) and action by the USFWS and other
agencies (EPA proposed carbon pollution standards
for existing stationary sources, 79 FR 34830 et seq.),
more needs to be done in the United States and
around the globe to slow the warming trends that
are harming Arctic ecosystems and polar bears,
which depend on those ecosystems and play an
integral role in their functioning.

Recognizing that USFWS lacks the authority to
regulate greenhouse gas emissions, we must rely
on the United States and other nations to address
the emissions that are the primary contributor to
ongoing climate change, whether such reductions
are via laws, regulations, market-based incentives,
or a combination of approaches. Under this Plan,
our specific contribution toward curbing global
emissions will be a science-based communication
effort highlighting the urgent need for significant
reductions in emissions to help achieve a global
atmospheric level of greenhouse gases that will
support conditions for recovery of polar bears from
projected declines.

While global efforts are made to curb atmospheric
levels of greenhouse gases, there are actions the
USFWS and its partners can take in the U.S. that
will improve the ability of polar bears to survive

in the wild in sufficient numbers and distribution

so that they are in a position to recover once the
threat of further Arctic warming has been removed.
Overutilization was not identified as a threat to

the species throughout all or a significant portion
of its range. However, the listing rule noted that
continued efforts were necessary to ensure that
harvest or other forms of removal did not exceed
sustainable levels, particularly for subpopulations
experiencing nutritional stress or declining numbers
as a consequence of habitat change (73 FR 28280).
Even for populations affected to a lesser degree by
environmental changes and habitat impacts, the
rule noted that effective implementation of existing
regulatory mechanisms was necessary to address
issues related to overutilization (73 FR 28280).
Looking ahead, additional challenges to polar bear
conservation that may rise to the level of a threat
include disease, shipping, oil and gas activities, and
oil spills.

Specifically, our conservation strategy calls for the
following actions:

m Limit global atmospheric levels of
greenhouse gases to levels appropriate for
supporting polar bear recovery and conser-

vation, primarily by reducing greenhouse
gas emissions

m Support international conservation efforts
through the Range States relationships

m Manage human-bear conflicts

m Collaboratively manage subsistence harvest
m Protect denning habitat

m Minimize risks of contamination from spills
m Conduct strategic monitoring and research

The focus of this Plan is on those actions the
USFWS and its partners can take, primarily in the
U.S. These include actions with stakeholders and
partners to mitigate various forms of disturbance
and mortality, which although they are not currently
threats to polar bear subpopulations, may become
threats in the future. Conservation actions, many
of which are already underway, will be proactive,
informed by strategic monitoring, and carried out
with ongoing support from an Implementation
Team.

We will track the effectiveness of these actions in the
near- and mid-term by monitoring demographic and
threats-based criteria in the Polar Basin Divergent
ecoregion—a region where polar bears are highly
vulnerable to Arctic warming (Atwood et al. 2016)
and the home to both of the United States’ subpopu-
lations.

USFWS
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Ill. MANAGEMENT GOALS AND CRITERIA

A. Fundamental Goals

The fundamental goals express the intentions of
this Plan and will be used to guide management,
research, monitoring, and communication. They
include the goals of the MMPA and the ESA, as they
relate to polar bear conservation and recovery, with
a particular focus on the U.S. The fundamental goals
also reflect the input and aspirations of stakehold-
ers closely connected with polar bears and their
habitat, including the State of Alaska, the North
Slope Borough, Alaska Native peoples, conservation
groups, and the oil and gas industry. In most cases,
the fundamental goals represent range-wide aspira-
tions, but the specific applications under this Plan
pertain primarily to the polar bear subpopulations
linked to Alaska.

The fundamental goals apply to three spatial scales:
the entire polar bear range, significant regional

population segments (currently equated with ecore-
gions), and subpopulations in the United States.
They also reflect different temporal scales ranging
from long-term (~100 years, to reflect generational
goals), to mid-term (~50 years, to reflect steps to
put polar bears in the best position to recover once
the primary threat is addressed), to near-term.

Anticipating that polar bear populations are likely
to decline as sea ice recedes (73 FR 28212), some of
the goals reflect long-term desired outcomes, rather
than predictions of the likely future. In addition,

it may not be possible to achieve all of these goals
simultaneously and to their fullest degree. One of
the challenges in implementing this Plan will be
finding the right trade-off among these fundamental
goals, appropriately recognizing the statutory
guidance, as well as other social values.

Fundamental Goals

The fundamental goals of the Polar Bear Conservation Management
Plan arise from the statutory obligations under the Marine Mammal
Protection Act and the Endangered Species Act, the goals of the
Circumpolar Action Plan, as well as the values of polar bear conserva-

tion partners in Alaska.

1. Secure the long-term persistence of wild polar bears as a species
and as a significant functioning element in the ecosystem of which

they are a part.

2. Secure the long-term persistence of polar bears at scales that
represent the genetic, behavioral, life-history, and ecological

diversity of the species.

3. Secure the long-term persistence of the two polar bear subpopula-
tions in the United States (the Southern Beaufort Sea and Chukchi

Sea subpopulations).

4. Recognize the nutritional and cultural needs of native peoples with
connections to polar bear populations, including the opportunity
for continued harvest of polar bears.

5. Continue to manage human-bear interactions to ensure human
safety and to conserve polar bears.

6. Achieve polar bear conservation while minimizing restrictions
to other activities within the range of the polar bear, including

economic development.
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Fundamental Goal 1: Secure the long-term
persistence of wild polar bears as a species and as a
significant functioning element in the ecosystem of
which they are a part.

The central purpose of this Plan, both in itself, and
as the United States’ contribution to the Range
States’ Circumpolar Action Plan, is to ensure that
polar bears remain in the wild on this planet, and
remain a significant functioning element of the
Arctic ecosystem, long into the future. This central
purpose is readily shared by all stakeholders.

Species qualify for protection under the ESA if
they are in danger of extinction throughout all or

a significant portion of their range (endangered)

or are likely to become so in the foreseeable future
(threatened). The aim of recovery efforts, therefore,
is to ensure survival and reduce the risk of extine-
tion to the point that the species no longer requires
or qualifies for protection under the ESA, rather
than to restore the species to historical levels.

The MMPA has specific provisions that apply to
“depleted” species, a status that applies to polar
bears as a species because of its ESA listing (16
USC §1362(1)). Congress found in the MMPA that
species and population stocks “should not be permit-
ted to diminish beyond the point at which they

cease to be a significant functioning element in the
ecosystem of which they are a part, and consistent
with this major objective, they should not be permit-
ted to diminish below their optimum sustainable
population” (16 USC §1361(2)).

In 2008 the USFWS found that the polar bear is
likely to become an endangered species within the
foreseeable future throughout all of its range and
listed the species as threatened under the ESA (73
FR 28212). Thus, the focus of Fundamental Goal

1 is on polar bears as a species. The long-term
persistence aspect of this goal is especially related to
requirements of the ESA, and the role of the species
as a significant functioning element in the ecosystem
is especially related to requirements of the MMPA.

Fundamental Goal 2: Secure the long-term
persistence of polar bears at scales that represent
the genetic, behavioral, life-history, and ecological
diversity of the species.

Beyond the goal of keeping polar bears extant in the
wild, and recognizing that Arctic warming will not
affect polar bear subpopulations equally, it is also
important to maintain a broad geographic distribu-
tion to conserve genetic, behavioral, ecological, and
life-history diversity. Applicable recovery planning
guidance developed jointly by National Marine
Fisheries Service (NMF'S) and USFWS under the

ESA (NMF'S and USFWS 2010) suggests recovery
units may be considered “to conserve genetic
robustness, demographic robustness, important life
history stages, or some other feature necessary for
long-term sustainability of the entire listed entity.”
In addition, although they apply explicitly to listing
decisions under the ESA, the “significant portion

of the range” and “distinct population segment”
policies provide guidance regarding the importance
of intraspecific diversity. Under the MMPA, the
finding by Congress that marine mammals should
be maintained as significant functioning elements of
their ecosystem supports the view that polar bears
should be conserved in more than a small portion of
their historic range. Intermediate-scale groupings of
polar bears capture important intraspecies genetic
and life-history diversity; as explained below, the
polar bear ecoregions (Amstrup et al. 2008) provide
a reasonable proxy of this diversity.

Beyond its fundamental importance, this goal also
serves as an effective means to secure the long-term
persistence of polar bears range-wide (Fundamental
Goal 1) and of polar bears in the United States
(Fundamental Goal 3). Conserving the broad spatial
distribution and ecological diversity of polar bears
over the near- and mid-term—while longer-term
solutions to climate change emerge—will provide
the greatest opportunity and flexibility for future
actions to achieve the ESA and MMPA standards
and goals for polar bears.

Fundamental Goal 3: Secure the long-term
persistence of the two polar bear subpopulations in
the United States (the Southern Beaufort Sea and
Chukehi Sea subpopulations).

Conservation of polar bears in Alaska is important
for ecological, cultural, spiritual, economic, and
aesthetic values. To achieve desirable outcomes
associated with these values, securing persistent
populations of polar bears in the United States over
the long term is an important goal. Admittedly,
current predictions pointing to range reductions and
population declines highlight the aspirational nature
of this goal. In the short- and mid-term, forestalling
potential extirpation of polar bears from the United
States will serve as a means to achieve Fundamental
Goals 1 and 2.

This Plan seeks conservation and recovery of the
species range-wide, even if the primary focus of the
Plan’s conservation and recovery actions is on the
two United States subpopulations. The individual
management plans produced by the other Range
States to underpin the Range States’ Circumpolar
Action Plan will address additional actions for the
remaining subpopulations in a manner consistent
with each nation’s own statutory, cultural, and
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economic objectives as well as the 1973 Agreement
on the Conservation of Polar Bears. We acknowl-
edge and support the conservation actions of the
other Range States to the extent they contribute to
recovery of the species.

Fundamental Goal 4: Recognize the nutritional and
cultural needs of native peoples with connections to
polar bear populations, including the opportunity for
continued subsistence harvest of polar bears.

Local native communities throughout the Arctic
have a long tradition of living with polar bears.
Those communities have engaged in polar bear
harvest consistent with long-standing traditions
that provide for the nutritional and cultural needs of
communities and have been integral to the success
of polar bear conservation activities. Article I1I of
the 1973 Agreement on the Conservation of Polar
Bears allows harvest of polar bears in the exercise of
traditional rights of local people. Congress recog-
nized the cultural importance of subsistence harvest
to Alaska Native peoples in both the MMPA and the
ESA. The MMPA specifically allows non-wasteful
harvest of marine mammals, including those that are
depleted, by coastal-dwelling Alaska Native peoples
(take of polar bears from the Chukchi Sea subpopu-
lation is governed under Title V, 16 USC §1423). The
ESA similarly exempts Alaska Native subsistence
harvest from the prohibition on take of threatened
or endangered species. Commerecial trade is not
authorized, however. This does not preclude creation
and sale of authentic Alaska Native handicrafts and
clothing as authorized by these two statutes. Both
the MMPA and ESA acknowledge the conservation
context of the subsistence exception by authorizing
the Secretary to regulate such harvest if necessary
(16 USC §1371(b), 16 USC §1539(e)).

This fundamental goal is intended to provide future
generations of Alaska Natives the opportunity to
meet nutritional and cultural needs through the
harvest of polar bears. Achievement of this goal will
require the continued responsible management of
harvest by Alaska Native peoples, other indigenous
peoples, the United States, and other Range States.

Fundamental Goal 5: Continue to manage human-
polar bear interactions to ensure human safety and
to conserve polar bears.

The likelihood of interactions between humans and
polar bears increases: as polar bears spend more
time on shore due to a number of factors including
receding sea ice; as their primary prey declines and
they seek alternative food; as the human population
near the Arctic coast increases; and as industrial
activity in the Arctic increases. Ensuring the safety

of people living and working in the coastal areas
frequented by polar bears is a paramount concern.
A secondary but important consideration for polar
bear conservation is the outcome of human-bear
interactions on polar bears. Frequent interactions
with people pose a threat to polar bears, both
directly, if bears have to be killed, and indirectly,
through habituation to humans, food conditioning,
and other possible risks.

Fundamental Goal 6: Achieve polar bear conserva-
tion while minimizing restrictions to other activities
within the range of the polar bear, including
economic development.

Local, regional, state, national, and global communi-
ties benefit from human activities in the Arctic,
including tourism, recreation, oil and gas develop-
ment, mining, shipping, and scientific research.

In some cases, these activities may be compatible
with polar bear conservation; in others, there may
be conflicts. Finding strategies here in the United
States that allow both would benefit multiple
stakeholders. This goal reflects objectives in the
administration’s “National Strategy for the Arctic
Region” (White House 2013a), which calls on United
States federal agencies to use integrated Arctic
management to balance economic development,
environmental protection, and cultural values.

In the following three sections (organized by the
MMPA, ESA, and other motivations, respectively),
the Fundamental Goals are expressed as quantita-
tive measures; for the goals related to the MMPA
and ESA, criteria associated with conservation

and recovery are provided. Where appropriate,
these fundamental criteria are further described
with stepped-down demographic and threats-based
criteria (Table 1).
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Table 1. Three-tier framework for MIMIPA conservation criteria and ESA recovery criteria; and performance metrics
for the remaining Fundamental Goals. The criteria are arranged in three tiers: fundamental (directly related to the
fundamental goals); demographic (stepped-down to the level of population demographic rates); and threats-based
(stepped-down further to the level of threats). For the fundamental goals (FG) not directly linked to MIMPA or ESA,
performance metrics are described, without additional tiers or performance thresholds.

MMPA Conservation

Funda

Conservation Criterion 1: The health
and stability of the marine ecosystem,

as evidenced by its capacity to support
polar bears, are maintained, and each
subpopulation of polar bears is maintained
as a significant functioning element of that
ecosystem. (FG3)

AND

Conservation Criterion 2: Each
subpopulation is managed so that its
population size is above the maximum
net productivity level relative to carrying
capacity. (FG3)

Demographic
MMPA Demographic Criterion 1: The
intrinsic growth rate of each subpopulation
is above, and is expected to remain above,
aminimum level that indicates the health of
the marine ecosystem is not impaired; and
the carrying capacity in each subpopulation
is above, and is expected to remain above,
70% of mean historical carrying capacity,
indicating that the stabhility of the marine
ecosystem is not impaired.

AND

MMPA Demographic Criterion 2:

Total human-caused removals in each
subpopulation do not exceed a rate h(relative
to the subpopulation size) that maintains

the subpopulation above its maximum net
productivity level relative to carrying capacity.

ESA Recovery

Recovery Criterion 1: The
worldwide probability of persistence
is at least 95% over 100 years. (FG1)

AND

Recovery Criterion 2: The
probabhility of persistence in each
recovery unit (ecoregion) is at least
90% over 100 years. (FG2)

Criteria

ESA Demographic Criterion 1:

The mean adult female survival

rate (at a density corresponding to
maximum net productivity level and in
the absence of direct human-caused
removals) in each recovery unit is at
least 93-96%, both currently and as
projected over the next 100 years.

AND

ESA Demographic Criterion 2: The
ratio of yearlings to adult females (at
a density corresponding to maximum
net productivity level) in each
recovery unit is at least 0.1-0.3, both
currently and as projected over the
next 100 years.

AND

ESA Demographic Criterion 3: The
carrying capacity, distribution, and
connectivity in each recovery unit,
both currently and as projected over
the next 100 years, are such that the
probability of persistence over 100
years is at least 90%.

AND

ental Criteria & Performance Met

Other Fundamental Goals

ics

FG4: Cumulative take (all human-caused
removals) level over the next 50 years for
each subpopulation that includes parts of
Alaska.

FG5: Number of human-bear conflicts in
Alaska that result in injury or death to
humans or bears.

FG6: Economic impacts of polar bear
management actions, including direct and
indirect expenses, and lost or foregone
opportunities.

Continued
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Table 1. Continued.

MMPA Conservation

ESA Recovery

Other Fundamental Goals

ESA Demographic Criterion 4:
Total direct human-caused removals
in each recovery unit do not exceed a
rate h(relative to the population size
in the recovery unit) that maintains
the population above its maximum
net productivity level relative to
carrying capacity.

Threats-based Criteria

Sea ice: In each recovery unit, either
(a) the average ice-free period is
expected not to exceed 4 months
over the next 100 years based on
model projections using the best
available climate science, or (b) the
average ice-free period is expected to
stabilize at longer than 4 months over
the next 100 years based on model
predictions using the best available
climate science, and there is evidence
that polar bears in that recovery unit
can meet ESA Demographic Criteria
1,2, and 3 under that longer ice-free
period.

AND

Human-caused removals: For
each recovery unit, the total level

of direct, lethal removals of polar
bears by humans, in conjunction with
other factors, does not reduce the
probability of persistence below 90%
over 100 years.

USFWS
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B. Conservation Criteria under the Marine Mammal Protection Act

Conservation plans are developed for depleted
species or stocks under the MMPA. “Each plan
shall have the purpose of conserving and restoring
the species or stock to its optimum sustainable
population. The Secretary shall model such plans
on recovery plans required under section 4(f) of

the Endangered Species Act of 1973” (16 USC
§1383b(b)(2)). Species or stocks of marine mammals
are designated as “depleted” in one of 3 ways:
because they fall below the optimum sustainable
population (OSP) level, as determined by the federal
government or by a state to whom authority has
been transferred; or because they are listed as
endangered or threatened under the ESA. In this
case, to no longer be considered depleted, polar
bears would have to be delisted under the ESA.
(The ESA recovery criteria are covered later; this
section considers only the MMPA criteria.) This
Plan describes MMPA conservation criteria at two
levels: fundamental and demographic (Table 1).
These criteria are nested: the demographic criteria
are derived from the fundamental criteria using the
best scientific information available at the time of
assessment.

MMPA fundamental criteria

Fundamental Goals 1, 2, and 3 are tied to the
conservation standards of the MMPA. Here, those
Goals are translated into specific criteria. At the
fundamental level, the goals for conservation of
polar bears under the MMPA are achieved when
both of the following criteria are met:

MMPA Conservation Criterion 1: The health
and stability of the marine ecosystem, as
evidenced by its capacity to support polar
bears, are maintained, and each subpopulation
of polar bears is maintained as a significant
functioning element of that ecosystem.

MMPA Conservation Criterion 2: Each
subpopulation is managed so that its popula-
tion size is above the maximum net productiv-
ity level relative to carrying capacity.

The MMPA criteria apply both to the worldwide
population and to the individual subpopulations. The
depleted entity is the worldwide population of polar
bears, because the depleted status under the MMPA
was due to the listing of the species under the ESA.
Thus the criteria apply to the species as a whole. To
meet the criteria worldwide, it is sufficient to meet
them in each stock. The two Alaskan polar bear
subpopulations (Southern Beaufort Sea, Chukchi
Sea) have been identified as “stocks” under the
MMPA (74 FR 69139). This Plan further assumes
that all 19 of the polar bear subpopulations qualify
as stocks under the MMPA. The management focus

of this Plan is the United States’ contribution to
polar bear conservation, so the conservation actions
described below focus primarily on the two subpopu-
lations found in United States territory.

Basis for the MMPA fundamental criteria

In the MMPA, Congress found that stocks should
not be permitted to diminish below their OSP level.
The MMPA defines OSP as “the number of animals
which will result in the maximum productivity of
the population or the species, keeping in mind the
carrying capacity of the habitat and the health of
the ecosystem of which they form a constituent
element” (16 USC §1362(9)). One of the challenges
in interpreting OSP for polar bears is the expecta-
tion that both the carrying capacity and the intrinsic
growth rate of subpopulations may change over time
due to anthropogenic forces, namely climate change.
We have addressed that expectation by adopting
two MMPA criteria in this Plan: one focused on
maintaining the carrying capacity of the habitat

and the health of the ecosystem; and one focused

on managing lethal removals to maintain each
subpopulation above its maximum net productivity
level. These constituent elements in the definition of
OSP are not separable; to meet OSP, both elements
need to be met.

We considered two possible ways to keep “in mind
the carrying capacity of the habitat and the health
of the ecosystem” when defining OSP: one approach
is to adopt a single standard that combines the
concepts of maximum net productivity level and
carrying capacity into one criterion; the other
approach is to adopt two standards that specify
criteria for the two elements separately. Under the
first approach, Maximum Net Productivity Level
(MNPL) would be defined relative to a historical,
undisturbed carrying capacity and health of the
ecosystem; thus maintenance of carrying capacity
and management of removals are achieved under
a single criterion. Under the second approach,
maximum net productivity level (mnpl) would be
defined relative to the current carrying capac-

ity, and a separate (but not separable) criterion
would be established for maintenance of carrying
capacity and health of the ecosystem. We use the
abbreviations MNPL and mnpl to refer to the
one- and two-standard approaches to interpreting
OSP respectively. Both of these may be reasonable
interpretations of the intent of Congress, with the
choice of interpretation being made to best achieve
conservation in the context of a particular species.
We believe the unique setting of polar bear conser-
vation calls for use of the second approach. First,
the primary threat to polar bears is loss of sea-ice
habitat brought about by climate change and a
corresponding loss of carrying capacity and ecosys-
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tem health. Thus, a criterion that deals specifically
with ecarrying capacity and ecosystem health allows
us to focus on the primary threat. Second, polar
bears are legally hunted in the United States for
subsistence purposes, and are occasionally legally
killed in defense of human life. The management of
such take is also important for the conservation of
polar bears, so a criterion that specifically addresses
such take is valuable. The one-standard approach
does not separate the effects of habitat change
from the effects of removals, and does not provide a
standard that can be used to directly manage take,
so it does not serve to advance the conservation

of polar bears. In this Plan, because of the unique
circumstances of polar bears, we follow the two-
standard approach to interpreting OSP

Health and stability of the marine ecosystem. The
first criterion addresses the degree to which it is
acceptable for the marine ecosystem to change as

a result of anthropogenic causes (as reflected in
changes in the carrying capacity or the health of

the ecosystem). It is clear that significant declines

in these attributes are not acceptable under the
MMPA. In the “findings and declaration of policy”
section of the MMPA, Congress indicates that “the
primary objective of [marine mammal] management
should be to maintain the health and stability of

the marine ecosystem” (16 USC §1361(6)). Another
purpose of the law is to ensure that stocks do not
“diminish beyond the point at which they cease to be
a significant functioning element in the ecosystem of
which they are a part” (16 USC §1361(2)). Further,
Congress directed that the “carrying capacity of the
habitat and the health of the ecosystem” be kept in
mind when determining OSP (16 USC §1362(9)).

In the extreme, if polar bears are extirpated from
large parts of their range because of loss of sea ice,
then they surely will have ceased to be a significant
functioning element of the ecosystem; indeed, the
“health and stability of the marine ecosystem”

will have been changed. The health and stability

of the marine ecosystem likely can, however, be
maintained, and polar bears likely can remain a
significant functioning element of the ecosystem
without remaining at historical numbers, provided
efforts are made “to protect essential habitats...
from the adverse effects of man’s actions” (16 USC
§1361(2)). We propose to evaluate the health of the
marine ecosystem using the intrinsic growth rate for
polar bears, and the stability of the marine ecosys-
tem using the carrying capacity for polar bears. If
the health of the ecosystem declines, the survival
and reproductive rates of polar bears, and hence
their intrinsic rate of population growth, will decline.
If the ability of the ecosystem to support polar bears
declines, the carrying capacity will decline.

Congress did not provide any further explanation
of the term “significant functioning element in the
ecosystem,” there is not any legislative history

associated with this term, and the case law is
limited. Further, we are not aware of any regulatory
action or conservation plans by either the USFWS
or NMF'S that have defined or incorporated this
term. Nor is there guidance on interpreting “health
and stability of the marine ecosystem.” Neverthe-
less, we believe these purposes of the MMPA are
particularly relevant for polar bear conservation
because of the nature of the long-term threats, and
thus, we are applying these terms in this plan.

Polar bears play a unique function in the Arctic
ecosystem as a top predator. In considering the
ecological function of other top predators (grizzly
bears and wolves) in their ecosystems, Pyare and
Berger (2003) argue that the ecological function of
these large carnivores is as important a measure
of status as their demographic prospects, because
“Research continues to demonstrate that these
terrestrial carnivores, perhaps more so than most
other threatened or endangered species, have
far-reaching consequences for their ecosystems.”
Similar arguments can be made for the highly
influential role that sea otters (Enhydra lutris) have
in maintaining the marine ecosystems they occupy
(Estes and Duggins 1995; USFWS 1994, 2013).

The effects of the marine ecosystem on polar bear
populations and the effects of polar bear populations
on the marine ecosystem are both important consid-
erations in evaluating the health and stability of the
ecosystem, and whether polar bears are a significant
functioning element of the ecosystem. This broad
understanding of MMPA Conservation Criterion 1

is important in any future evaluation of the criteria
in this Plan. In the next section, we focus on intrinsic
growth rate and carrying capacity of the polar bear
population as indicators of the health and stability of
the marine ecosystem, respectively. They may not be
good indicators, but they are nevertheless indica-
tors, not direct measures of health and stability,

and the broader perspective of ecosystem function
should not be lost, especially at lower trophic levels.

The primary threat to polar bears, and the threat
most at odds with the intent of the MMPA, is the
expected long-term loss, through climate change, of
the ecosystem of which polar bears are a part. This
first MMPA criterion, perhaps the highest and most
ambitious standard in this Plan, would likely require
substantial reduction in worldwide greenhouse gas
emissions as well as substantial reduction in the loss
of sea ice Arctic-wide.

Maximum net productivity level. The second
MMPA criterion addresses the extent to which it is
acceptable for lethal removals to reduce the size of
a polar bear subpopulation relative to its potential
size in the absence of such removals. This criterion
integrates the biological concepts of carrying capac-
ity, maximum net productivity level, intrinsic growth
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rate, sex- and age-composition of the population,
sex- and age-composition of lethal removals (includ-
ing subsistence harvest), and sustainable take. At
any point in time, the population size at which a
population is most productive is conditional on the
extent to which limiting resources are utilized. The
availability of limiting resources, which determine
the carrying capacity, can vary naturally or through
anthropogenic forces, and the maximum net produc-
tivity level (mnpl) will vary in proportion. Likewise,
the intrinsic growth rate can vary over time, as a
function of the health of the ecosystem, and the
intrinsic growth rate also affects the maximum

net productivity. Both of these considerations, the
possibly changing carrying capacity and the possibly
changing intrinsie rate of growth, need to be kept in
mind when evaluating the number of removals that
will maintain a population above its maximum net
productivity level. In long-lived mammal populations
in which removals are unbiased with regard to

age or sex, maximum net productivity occurs at
some population size greater than 50% of carrying
capacity; for polar bears, demographic analysis
suggests that this level occurs at approximately 70%
of carrying capacity (Regehr et al. 2015).

MMPA demographic criteria

Health and stability of the marine ecosystem. As
suggested above, the health and stability of the
Arctic marine ecosystem, respectively, are reflected
in the intrinsic rate of growth and the carrying
capacity of polar bear populations. The intent of the
first MMPA criterion is to ensure that polar bears
remain a functioning element of the ecosystems
associated with each subpopulation and that the
intrinsic growth rate and carrying capacity do

not decline to the point that this function is lost.
Although this does not require maintaining the
historical levels of intrinsic growth rate and carrying
capacity, it will require substantial and successful
efforts to limit the anticipated losses from climate
change, so that polar bears and their ecosystem
remain healthy and stable.

MMPA Demographic Criterion 1: The intrinsic
growth rate of each subpopulation is above,
and is expected to remain above, a minimum
level that indicates the health of the marine
ecosystem is not impaired; and the carrying
capacity in each subpopulation is above, and

is expected to remain above, 70% of mean
historical carrying capacity, indicating that
the stability of the marine ecosystem is not
impaired.

The MMPA provides clear technical guidance on
how to determine the tolerable reduction in popula-
tion size as a result of human-caused removals (see
“Maximum net productivity level,” below), but it
does not provide similar guidance for reduction

as a result of habitat loss or other threats besides
human-caused removals. Nevertheless, with regard
to a loss of carrying capacity, we reason that the
reduction of carrying capacity to 70% of its histori-
cal level would produce an impact to a polar bear
population of similar magnitude to human-caused
removals at the level that achieves mnpl.

There is not a parallel way to determine a threshold
for the intrinsic growth rate, because reductions in
growth rate affect populations in a different manner
than reductions in carrying capacity or population
size. Thus, at this time, we cannot make the policy
interpretation needed to establish the first half of
MMPA Demographic Criterion 1.

The intrinsic growth rate and carrying capac-

ity may change independently. For instance, the
carrying capacity for a subpopulation might decline
substantially, but the intrinsic growth rate of the
subpopulation might remain satisfactory. For MMPA
Demographic Criterion 1 to be met, both conditions
need to be met.

For polar bears, we propose using the reference
period 1953-1972 for determinations of “historical”
carrying capacity. At the time of the enactment of
the MMPA, Arctic marine ecosystems were believed
to be intact, so the period preceding 1972 serves

as a time when the “health and stability of the
marine ecosystem” in the Arctic were at historical
levels. The period of measurement record for Arctic
sea-ice extent begins in 1953; the September sea-ice
extent over the period 1953-1972 showed variation
around a stable mean (Fig. 4). Thus, to the extent
that scientists and managers seek to determine the
historical carrying capacity for a given subpopula-
tion, we propose that the period 1953-1972 is a
relevant reference.

The estimation of carrying capacity, whether current
or historical, is difficult, because it can rarely be
observed directly. Rather it needs to be inferred
from magnitude and trends in population size and
habitat metrics, taking into account the levels of
human-caused removals. There are a variety of
methods that could be used for this estimation task,
and development of these for polar bear subpopula-
tions is needed. The possible methods include: (1)
establishing a relationship between current carrying
capacity and some relevant habitat metric for which
we have measurements in the reference period, and
back-extrapolating; (2) estimating carrying capacity
over a time series of abundance or other life-history
measures, using hierarchical population modeling
techniques, and inferring the historical carrying
capacity; or (3) assuming carrying capacity has
remained stable until recently, inferring the recent
carrying capacity from estimates of population size
and human-caused removal rates, and using that as
an estimate of historical carrying capacity. The first
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Figure 4. Arctic sea-ice extent in September, 1953—2015, in millions of square
kilometers. The solid and dashed lines show the mean extent for the period
1953-1972. We propose that this reference period is suitable for evaluating “histori-
cal” conditions of polar bears in the context of the MMPA.

two methods will be quite difficult, the third method
is more manageable but the assumptions may be
more difficult to justify for some subpopulations.

As noted above, we are treating polar bear carrying
capacity as an indicator of the stability of the marine
ecosystem. For practical purposes, assessment of
individual subpopulations could be undertaken with
other indicators (e.g., sea ice).

Regarding polar bears as a functioning element of
the ecosystem, complex methods to assess the func-
tional diversity of ecosystems have been proposed
(e.g., Petchey and Gaston 2002), but the application
of such methods to a changing Arctic involving
polar bears would likely be difficult and insensitive
to meaningful near-term ecological changes. Thus,
at this time, we do not have enough information to
propose more detailed measures, and associated
thresholds, to directly assess the functional role

of polar bears in their ecosystem. Development of
such measures is an important task under this Plan.
Thoughtful development of approaches based on the
particular roles polar bears play in the ecosystem
could help with assessment as this Plan is updated in
the future.

Maximum net productivity level. At the fundamen-
tal level, MMPA Conservation Criterion 2 requires
that each polar bear subpopulation size is above

its mnpl; at this time, we estimate this occurs at
approximately 70% of the maximum number of
polar bears the environment can support on average
(Regehr et al. 2015). Estimating the subpopulation
size at carrying capacity, and by extension the

mmpl, is challenging because environmental factors
limiting population growth vary with time and are
difficult to measure. Nonetheless, it is possible to
manage wildlife populations in a way that satisfies
the fundamental criterion if removal levels are based
on an estimate of current population size and a
harvest rate & that is designed to maintain a popula-
tion above its mmnpl with some acceptable level of
probability. Thus, the MMPA demographic criteria
for maintaining a subpopulation above mnpl can be
stated using this more proximate metric:

MMPA Demographic Criterion 2: Total
human-caused removals in each subpopulation
do not exceed a rate h (relative to the subpopu-
lation size) that maintains the subpopulation
above its maximum net productivity level
relative to carrying capacity.

The removal rate that achieves MMPA Demo-
graphic Criterion 2, &, depends on the underlying
demographic rates for the subpopulation, the sex
and age composition of the subpopulation, as well as
the sex and age composition of removals. A valuable
reference point is the removal rate, hmnpl, that
achieves mmpl at equilibrium when removals are in
direct proportion to the sex and age composition of
the subpopulation (i.e., when removals do not select
for certain sex or age classes of animals). The value
of ,, ,is derived based on population dynamics
theory, general life history parameters for the
species, and subpopulation-specific demographic
information (Runge et al. 2009). For polar bears,
h is likely 79-84% of the intrinsic population

mnpl

growth rate (Regehr et al. 2015). The theoretical
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maximum population growth rate for the species is These interpretations of mnpl represent the views
approximately 6-14% (Taylor et al. 2009, Regehr of USFWS for the purpose of conserving polar

et al. 2010) but may be less if habitat loss or other bears. This approach does not necessarily preclude
factors affect subpopulations negatively through other approaches to determining mnpl or MNPL in
density-independent effects. other conservation plans.

/ﬂ

USFWS
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C. Recovery Criteria under the Endangered Species Act

The ESA requires a recovery plan to incorporate,
to the maximum extent practicable, “objective,
measurable criteria which, when met, would result
in a determination, in accordance with the provisions
of this section, that the species be removed from
the list [of endangered and threatened wildlife]...”
(16 USC §1533()(1)(B)(ii)). Following a three-tier
framework, this Plan describes recovery criteria at
three levels (Table 1): fundamental, demographic,
and threats-based. These criteria are meant to be
compatible: the demographic and threats-based
criteria are derived from the fundamental criteria,
using the best available scientific information avail-
able at the time of assessment. To achieve recovery,
the criteria at all three levels need to be met.

ESA fundamental criteria

The aspects of Fundamental Goals 1 and 2 that

refer to securing long-term persistence are tied

to recovery under the ESA. Here, those Goals are
translated into quantitative measures with threshold
criteria associated with recovery. At the fundamen-
tal level, both of the following criteria need to be met
to achieve recovery of polar bears:

Recovery Criterion 1: the worldwide probabil-
ity of persistence is at least 95% over 100 years.

Recovery Criterion 2: the probability of
persistence in each recovery unit (ecoregion) is
at least 90% over 100 years.

Basis for the ESA recovery criteria

The conservation of species is a key purpose of the
ESA, and the Act defines conservation in terms of
bringing species to the point that the Act’s provi-
sions are no longer necessary. The ESA does not
specify a numerical standard for determining when
a species is threatened or endangered, nor is there
a universal approach for making such determina-
tions. Although the ESA does not use terms such

as “probability” or “persistence,” the definitions of
endangered (“in danger of extinction throughout

all or a significant portion of its range,” 16 USC
§1532(6)) and threatened suggest that the risk of
extinction is a primary concern. Thus, many scholars
of the ESA have identified the fundamental goal of
recovery as reducing the probability of extinction to
an acceptable level, stated equivalently as keeping
the probability of persistence above some threshold
(e.g., Doremus 1997, Gregory et al. 2013, Ralls et al.
2002, Regan et al. 2013, Seney et al. 2013). In listing
decisions and recovery plans where probability of
persistence has been used, the threshold between
“threatened” and “listing is not warranted” has been
characterized by a number of values, roughly rang-
ing between 90% and 99% probability of persistence

over a century (e.g., USFWS 1995, 2002; see also
DeMaster et al. 2004, Regan et al. 2013). In this
Plan, we adopt a desired probability of persistence
of 95% over a century for the listed entity; although
an even higher probability is the aspiration of all the
management partners, the question is the degree of
persistence at which the species no longer needs the
protections of the ESA. If the probability of persis-
tence is greater than 95% over the next 100 years,
then the risk of extinction is low enough and distant
enough that it is not likely to become in danger of
extinction in the foreseeable future.

This Plan uses probability of persistence to express
the fundamental recovery criteria for polar bears.
Given the nature of the primary threat to polar
bears—loss of sea ice due to changes in climate-as
well as the speed at which the climate would respond
to changes in atmospheric levels of greenhouse
gases, 100 years is a time period over which we
could see movement towards recovery or towards
extinction depending on worldwide efforts to curtail
emissions. The first criterion focuses on the listed
entity (the worldwide population of polar bears) and
indicates this particular measure of recovery will be
achieved when the probability of persistence over
100 years is at least 95%.

Beyond this Plan’s first criterion for survival of the
listed entity, the second criterion further specifies
that a significant portion of the diversity of the
species, as represented by the ecoregions, must also
be conserved, in order to promote recovery through
representation and redundancy. The risk tolerance
for extinction for each of the individual ecoregions
(10%) is higher than for the species as a whole (5%)
because the ecoregions are only components of

the listed entity. It’s worth noting that if the prob-
abilities of persistence in the four recovery units
are independent and each 90%, the probability of
persistence of the listed entity is 99.99%. Although
the assumption of independence is unlikely, this
calculation suggests that Recovery Criterion 2 may
be considerably more protective than Recovery
Criterion 1.

The purposes of an intermediate scale (i.e., recovery
unit) in Recovery Criterion 2 include (1) to preserve
diversity among polar bears—diversity that is at the
heart of ESA protection and important to species
viability; (2) to acknowledge that polar bears in
different regions may experience different threats
and conditions and exhibit different responses to
those, which may warrant different conservation
approaches now or in the future; and (3) to provide
redundancy, and hence increase the survival of the
species, by conserving polar bears in more than one
region. In order to remove the danger of extinction
“within the foreseeable future throughout all or a
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significant portion of the range” (16 USC §1532(20)),
a high probability of persistence in each of the
recovery units is needed.

E'coregions. The best available science suggests that
the “ecoregions” proposed by Amstrup et al. (2008)
capture broad patterns in genetic and life-history
variation for the species. Furthermore, ecoregions
were based on observed and forecasted changes in
sea-ice habitat and thus capture anticipated varia-
tion in the primary long-term threat. We recognize
that further research, building on an existing body
of work (Spalding et al. 2007, Thiemann et al. 2008),
is needed on details of the genetic, behavioral,
ecological, and threats-based factors that distinguish
spatial groupings of polar bears.

Recovery units. In ESA recovery planning, a
“recovery unit” is “a special unit of the listed entity
that is geographically or otherwise identifiable and
is essential to the recovery of the entire listed entity,
i.e., recovery units are individually necessary to
conserve genetic robustness, demographic robust-
ness, important life history stages, or some other
feature necessary for long-term sustainability of the
entire listed entity.” Furthermore, “establishment

of recovery units can be a useful recovery tool,
especially for species occurring across wide ranges
with multiple populations or varying ecological
pressures in different parts of their range.” (NMFS
and USFWS 2010, section 5.1.7.1). Because recovery
units are “essential to the recovery of the entire
listed entity,” the criteria must be met in all recovery
units in order for recovery to be achieved and for
delisting to be recommended.

E'coregions as recovery units. Polar bears occur

in 19 subpopulations throughout the circumpolar
Arctic; one of the largest ranges for an extant large
carnivore. Within this range the species exhibits
variation in genetics, behavior, and life-history
strategies. Within the timeframe considered by
this Plan, polar bears are expected to experience
different pressures resulting in potentially high
probabilities of extirpation (e.g., in some parts of
the Polar Basin Divergent Ecoregion) to moderate
probabilities of persistence (e.g., in the Archipelago
Ecoregion) (Amstrup et al. 2008, 2010). National and
local management regimes, including collaborative
management across jurisdictions, also vary across
the species’ range.

This Plan uses the 4 ecoregions as recovery units
because this approach provides a reasonable
representation of important variation for both polar
bears and the threats they face. This approach helps
augment the persistence of polar bears as a whole
by conserving them in multiple regions and allowing
conservation actions to be tailored to the most press-
ing issues in each region. Consequently, persistence

of polar bears in all 4 ecoregions is necessary to the
recovery of the listed entity.

Any intermediate spatial-scale grouping of polar
bears, if meant to apply over a long time scale, will
reflect a number of assumptions and imperfections,
due to scientific uncertainty and the dynamic nature
of climate change and its effects on ecosystems.
Using the 4 ecoregions defined by Amstrup et

al. (2008) as recovery units represents current
knowledge of the ecological diversity of polar bears
and their future response to climate change. But
because the current information is imperfect, it
may be important to conserve an even finer-scale
representation of current polar bear diversity in the
near term, while seeking to improve our scientific
understanding of the distribution of important polar
bear ecological diversity. As understanding of polar
bears, climate change effects, and other relevant
information increases, the delineation of the recov-
ery units should be reviewed and, if appropriate,
modified, to reflect the best available science.

Definition of “persistence.” In the two ESA
recovery criteria (above), we define “persistence” as
maintaining the population size in a recovery unit
(or worldwide) at greater than 15% of the population
size of the unit at the time of listing or greater than
100 individuals, whichever is larger. If, at any point
during a 100-yr forecast, the projected population
drops below this threshold, it is considered not to
have persisted. This threshold is not a desired popu-
lation target. Rather, by focusing on the probability
of persisting above the threshold, the criteria repre-
sent the risk tolerance at which we could reasonably
conclude that polar bears are no longer threatened.
To achieve recovery, the population size needs to

be sufficiently larger than the threshold and the
threats sufficiently reduced to ensure that the risk
of dropping below the threshold is small (i.e., less
than 10% over 100 years). (The distinction between
“conservation and survival”, in the manner those
terms are used in Section 4(f) of the ESA [16 USC
§1533(f)], is useful here. The persistence threshold
represents the point at which the population is no
longer surviving. Recovery, that is, “conservation”,
is a higher bar than merely surviving.) For large
mammals, the effects of demographic stochasticity
become prominent at population sizes less than 100
(Morris and Doak 2002, Wieglus 2001). For polar
bears, mating success may decline when subpopula-
tion density falls below a fraction of present-day
values (i.e., there might be an Allee effect), but this
point depends on the sex- and age-structure of the
population, as well as the population-specific demo-
graphic parameters (Molndr et al. 2008, 2014). As
the geographic scope expands from subpopulation to
recovery unit to species, the Allee effect threshold
may occur at lower fractions of the original popula-
tion size, and will depend on the geographic distribu-
tion and connectivity of bears within the unit. The
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Table 2. Estimates of population size (with 95% confidence limits) and persistence floor for each
ecoregion. The estimates and confidence limits for the ecoregions were calculated by the same
methods Wiig et al. (2015) used for the global population.

Archipelago | Convergent | Divergent Seasonal Total
Population size 4945 3004 9751 8785 26485
(2015) estimate (3900-6000) | (800-5200) | (5800-13700) | (7800-9700) | (22000-31000)
15% threshold 742 451 1463 1318 3973

15% threshold is a placeholder based on available
information at a subpopulation level (Molnér et al.
2008), and should be re-evaluated on a case-by-case
basis and as new information arises. The 2015
update to the ITUCN Red List Assessment for

polar bears (Wiig et al. 2015) summarizes the best
available information about the population size in
each ecoregion; although the underlying data span
a number of years, we view this as the best estimate
of the population sizes around the time of listing
(Table 2). The 15% threshold exceeds 100 animals
in all four ecoregions, thus, the 15% threshold is the
operational criterion for persistence (recognizing
that this is the threshold for survival, not recovery).

ESA demographic criteria

The demographic recovery criteria are derived from
the fundamental recovery criteria, but are stated
in more proximate measures of population status.
The spatial scale of the demographic criteria is the
recovery unit. Although the listed entity is polar
bears throughout their range, Recovery Criterion 2
identifies the ecoregions as recovery units. To meet
the ESA recovery criteria, the fundamental and
demographic recovery criteria need to be met for
each recovery unit. Thus, the recovery criteria can
be focused at the recovery unit level. Recognizing
that the United States only has management
jurisdiction in parts of one recovery unit (the Polar
Basin Divergent Ecoregion), that unit is the main
focus of our recovery efforts, but assessment of the
recovery of the listed entity needs to consider all of
the recovery units.

The demographic criteria focus on three measures of
population status: survival rate, reproductive rate,
and carrying capacity. Recovery at the recovery-unit
(ecoregion) scale would be achieved when all four of
the following criteria are met:

ESA Demographic Criterion 1: The mean adult
female survival rate (at a density correspond-
ing to maximum net productivity level and in
the absence of direct human-caused removals)
in each recovery unit is at least 93-96%, both
currently and as projected over the next 100
years.

ESA Demographic Criterion 2: The ratio

of yearlings to adult females (at a density
corresponding to maximum net productivity
level) in each recovery unit is at least 0.1-0.3,
both currently and as projected over the next
100 years.

ESA Demographic Criterion 3: The carrying
capacity, distribution, and connectivity in each
recovery unit, both currently and as projected
over the next 100 years, are such that the
probability of persistence over 100 years is at
least 90%.

ESA Demographic Criterion 4: Total direct
human-caused removals in each recovery unit
do not exceed a rate h (relative to the popula-
tion size in the recovery unit) that maintains
the population above its maximum net produc-
tivity level relative to carrying capacity.

Although Fundamental Recovery Criterion 2 (90%
probability of persistence at the recovery unit level)
is the standard for assessment, these demographic
criteria use population metrics to represent an
equivalent condition, given the current state of
knowledge. These are, of course, a simplification of
all the population dynamics that give rise to a high
probability of persistence, but these are based on
the most influential drivers of persistence. Based on
life-history theory, adult female survival exerts the
largest influence on population growth rate, which is,
in turn, a strong driver of resilience and persistence.
The ratio of yearlings to adult females incorporates
a number of aspects of the recruitment process:
breeding probability, litter size, and cub-of-the-year
survival. Populations need recruitment to persist,
and for some long-lived species, recruitment rates
vary more than adult survival rates and drive most
of the observed variation in population growth rate.
Finally, the probability of persistence is related to
population size and hence carrying capacity, because
the risk associated with annual variation and chance
events is magnified at smaller population sizes.

The first three demographic recovery criteria are
not independent. The specific threshold required
for any one depends on the thresholds required for
the other two (Fig. 5). For example, if the carrying

26 Polar Bear Conservation Management Plan



lll. Management Goals and Criteria

Tp]
2 |
v‘ ) -
o
E (9]
2 S
."g
5o |
€S| - |
- ! MRA.
SR
o
o L | | | I l
0.90 0.92 0.94 0.96 0.98 100
Survival

Figure 5. Values of three ESA demographic criteria that provide a 90% probability of persistence (Regehr et al.
2015). The combination of survival (x-axis), recruitment (y-axis), and carrying capacity (contours) needs to be above
and to the right of the corresponding contour to provide the required probability of persistence. There are trade-offs
among these criteria, such that if any of these measures are quite high, the standard for the others can be lower. For
example, if the recruitment rate (yearling to adult female ratio) was expected to remain above 0.3 and the carrying
capacity was expected to remain above 1000, the adult female survival rate would only need to be 0.93 to achieve
recovery. In this graph, the rate of total human-caused removals is assumed to be at the maximum rate allowable

under MMPA Demographic Criterion 2.

capacity were only expected to remain above 500
and the recruitment rate (ratio of yearlings to adult
females) were expected to remain above 0.2, the
adult female survival rate would need to remain
above 0.95 (assuming the rate of human-caused
removals is less than /). Because many possible
combinations of these three parameters can produce
the same probability of persistence, the criteria are
described as ranges, but to achieve recovery, the
combination of demographic criteria needs to meet
the standards for ESA Fundamental Criterion 2
(90% probability of persistence for the recovery
unit).

The third demographie criterion (carrying
capacity, distribution, and connectivity needed to
meet ESA Fundamental Criterion 2) provides the
buffer that is needed to protect the population

in a recovery unit from dropping below the level
at which small-population dynamics take over. A
specific threshold for carrying capacity cannot be
determined at this time because, as noted earlier,
there is uncertainty about how to scale potential
Allee effects from the subpopulation level up to
the ecoregion level. Given that future reductions
in population size due to habitat loss will likely be
accompanied by contraction of the geographic range
within each ecoregion, it is likely that Allee effects

and other negative small-population effects would
not manifest until population size is considerably
lower than 15% of the population size at the time of
listing. At the ecoregion level, the population size
at which Allee effects appear may also depend on
the distribution and connectivity of subpopulations
within the ecoregion. If the subpopulations in an
ecoregion were well connected, a carrying capacity
of 500-1000 animals, in combinations with the other
demographic criteria, may be enough to assure

the desired level of persistence (Fig. 5, Regehr et
al. 2015), but in other situations, a higher carrying
capacity might be needed. Thus, we cannot deter-
mine the specific thresholds for carrying capacity,
distribution, and connectivity at this time, because
we lack an understanding of how those factors will
interact to provide the buffer necessary to assure
a high probability of persistence. But we do know
that the buffer provided by the third demographic
criterion is needed; the other demographie criteria
alone cannot assure recovery.

The fourth demographic criterion specifies an
upper bound on the rate of direct human-caused
removals, and the other demographic criteria have
been calculated assuming that rate. (Direct human-
caused removals are those that occur as a direct
result of human action, such as subsistence hunting,
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defense-of-life, and incidental take. Indirect remov-
als, such as those that occur as a result of habitat
degradation, are captured either in the survival rate
or the carrying capacity. This distinction is largely
in deference to the ability to monitor direct, but not
indirect, removals.) If the rate of human-caused
removals is less than this upper bound, the demands
for the other demographic criteria can be reduced,
provided the persistence criterion is met. It is also
possible to meet ESA Fundamental Criterion 2
(90% probability of persistence over 100 years)
without meeting ESA Demographic Criterion 4
(human-caused removal rate less than i), but this
would require even higher survival and reproduc-
tive rates than specified by the second and third
demographic criteria (see discussion, below, of ESA
Threats-based Criterion 2). Thus, while the fourth
demographic criterion is not strictly necessary for
recovery, we have included it as a recovery criterion
because it reiterates MMPA Demographic Criterion
2, the combination of non-anthropogenic mortality
and anthropogenic mortality is critical, and the other
demographic criteria can only be set in the context
of the anthropogenic mortality.

There are three particular challenges in developing
and evaluating these demographic criteria: climate
change effects, density-dependence, and harvest.
First, sea-ice loss related to climate change is a
long-term threat that will present changing condi-
tions for ice-dependent Arctic species like the polar
bear. All of these demographic criteria are likely met
currently for the Polar Basin Divergent Ecoregion,
as well as for others; the concern is that they will
not continue to be met as climate-driven sea-ice

loss increases, which is why polar bears were listed.
Thus, the evaluation of the demographic criteria
needs to assess whether they will continue to be
met over the next 100 years. Second, survival and
recruitment (the first two demographic criteria)
may be density-dependent, that is, they naturally
decrease as the population size approaches carrying
capacity. Thus, a threshold value for those rates is
meaningless unless it is associated with a particular
population density. Here, we have chosen to estab-
lish these criteria in reference to the mmnpl, which is
the population size, relative to the carrying capacity
at a point in time, that produces the highest net
annual production, assuming removals are unbiased
with regard to age and sex. This is a particularly
practical reference point because for polar bear
populations that are managed to be near mmnpl,

the observed survival and recruitment rates can

be compared directly to the criteria. Third, for any
populations that are subject to direct human-caused
removals, the survival rate will be the product of
both the survival rate in the absence of anthropo-
genic take and the survival rate associated with
those removals, taking into account the sex and age
composition of the population and of the removals.
The survival rate in Demographie Criterion 1 refers

to the survival rate in the absence of removals, and
hence encompasses non-anthropogenic mortality;
the total take rate in Demographic Criterion 4 refers
to anthropogenic mortality.

The demographic criteria listed above are stated

in terms of average values of the true underlying
rates, not annual rates. Annual variation around
these mean values is expected; the criteria require
that the mean values of those stochastic processes
be above the indicated thresholds. Using average
values assumes that potential future change in how
much the rates vary from year-to-year will not, in
itself, have a meaningful effect on persistence. Also
the demographic criteria were derived assuming

a perfect ability to estimate them; the empirical
precision needed has not yet been developed. If the
demographic rates are measured or forecast with
considerable error, then it is possible to think that
the criteria have been achieved when the true values
do not, in fact, meet the criteria or, vice versa, to
think that the criteria have not been achieved when,
in fact, they have. The risk due to sampling error
has not been directly incorporated into the interpre-
tation of these criteria, but that consideration should
be evaluated carefully whenever a population status
assessment is made, and could be incorporated into
a future revision of this Plan.

The estimation of annual and mean rates for three
of the four demographic parameters (survival,
recruitment, and take rates) can be conducted with
monitoring programs that are already in place in
several polar bear subpopulations, including the
Southern Beaufort Sea. These programs currently
involve the marking and recapturing of individual
bears over time. Note, however, that the existing
monitoring programs are focused at the subpopula-
tion level but the ESA demographic criteria are
focused at the recovery unit level; research will be
needed to understand how to make inference at the
recovery unit level from data at the subpopulation
level (Regehr et al. 2015). The estimation of the
fourth demographic parameter, carrying capacity,

is notoriously challenging, because the link between
habitat variables and population responses is often
poorly understood. Modern statistical methods
(known as “hierarchical models”) provide a way to
estimate “latent” parameters like carrying capacity,
by integrating survival, recruitment, harvest,
habitat, and population size data into a single
statistical framework (Royle and Dorazio 2008). If
such a statistical model is developed for polar bears,
it can then be linked to forecasts of the habitat
variables (Durner et al. 2009) to provide the current
and projected estimates of carrying capacity needed
for Demographic Criterion 3.

As noted above, these demographic criteria should
be subject to periodic revision as new information
becomes available to inform their derivation.
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Because of this, use of the demographic criteria is
not a substitute for development of a full population
viability analysis for evaluation of the fundamental
recovery criteria. Such development will allow both
refinement of the demographic criteria as well as
direct evaluation of the fundamental criteria.

ESA threats-based criteria

The ESA threats-based recovery criteria are
derived from the fundamental and demographic
recovery criteria described above, but are stated
with regards to the threats to the species, so that
they correspond to the listing factors described in
the ESA (16 USC§1533(a)) and facilitate achieve-
ment of the demographic criteria. The listing rule
for polar bears identified one threat, loss of sea ice,
under Factor (A) “threatened destruction...of its
habitat.” The rule also acknowledged, under Factor
(D) “inadequacy of existing regulatory mechanisms,’
that “there are no known regulatory mechanisms
in place at the national or international level that
directly and effectively address the primary threat
to polar bears—the range-wide loss of sea-ice
habitat” (73 FR 28288). In what follows, we discuss
threats-based recovery criteria in 3 categories: those
threats that were identified in the listing rule and
are currently an impediment to recovery (sea-ice
loss); those potential threats that are not currently
an impediment to recovery, but could become
impediments before the threats in the first category
are addressed; and those potential threats that
could become an issue in the future, but are of more
distant concern at this time. We develop threats-
based recovery criteria for the first two categories,
but not the third, noting that future revisions of this
Plan will need to revisit the proximity and severity
of threats and potential threats in all categories.

)

As with the demographic recovery criteria, the scale
of the threats-based criteria is the recovery unit. To
meet the ESA recovery criteria, the demographic
and threats-based recovery criteria need to be met
for each recovery unit.

Sea ice and terrestrial habitat. The primary threat
to polar bears is loss of its sea-ice habitat, driven
by Arctic warming. In some subpopulations, the
physiological and demographic effects of longer
ice-free periods are already evident (Regehr et al.
2007, 2010; Rode et al. 2014; Bromaghin et al. 2015)
and polar bears already have exhibited behavioral
responses to longer ice-free periods, spending
more time on land during the summer (Fischbach
et al. 2007; Schliebe et al. 2008; Rode et al. 2015;
Atwood et al. 2016). Given the predicted increase
in ice-free periods, these behavioral changes are
anticipated to increase and are expected to lead to
an increase in population-level demographic effects
in the future. In the long term, recovery of polar
bears will require measures to address the loss of

sea ice (climate change mitigation); in the mid-term,
recovery may also require attention to conservation
of the terrestrial habitats polar bears use during the
ice-free months. While there could be some trade-off
among these efforts, such that greater terrestrial
conservation might allow for achieving recovery

of polar bears with lesser climate mitigation than
otherwise would be needed, the most critical aspect
is that polar bears are able to maintain adequate
access to prey resources. Both aspects of this threat
(seaice and terrestrial habitat) are discussed below:
a specific criterion is offered for sea ice; develop-
ment of a criterion for terrestrial habitat will require
more research.

In three of the four recovery units (Polar Basin
Divergent, Polar Basin Convergent, Archipelago,
Fig. 2), the annual ice-free period has historically
been short and polar bears have had potential access
to seals nearly uninterrupted year-round. But for
one of the recovery units (Seasonal Ice, Fig. 2),
polar bears have historically coped with an ice-free
summer during which they had reduced access to
prey. There is empirical evidence that the potential
for fasting mortality may increase after 120 days
(Lunn and Stirling 1985; Molnar et al. 2010, 2014;
Robbins et al. 2012; Cherry et al. 2013), thus, we
assume that polar bears, given sufficient access

to prey during other times of year, are capable

of persisting with an average ice-free period of 4
months or less. It is possible that polar bears can
persist with a longer ice-free period than 4 months,
or could do so if they made adaptations (e.g., altered
seasonal migration, alternative food sources). To
achieve recovery in a recovery unit, we would either
need to have evidence that the ice-free period was
going to remain 4 months or less, or evidence that
the ice-free period was going to stabilize at some-
thing longer than 4 months and that polar bears
were able to persist at that longer ice-free period.

ESA Threats-based Criterion 1 (sea ice): In
each recovery unit, either (a) the average
annual ice-free period is expected not to
exceed 4 months over the next 100 years based
on model projections using the best available
climate science, or (b) the average annual
ice-free period is expected to stabilize at longer
than 4 months over the next 100 years based

on model predictions using the best available
climate science, and there is evidence that
polar bears in that recovery unit can meet ESA
Demographic Criteria 1, 2, and 3 under that
longer ice-free period.

In making this assessment, the focus is on the area
of seasonal or permanent sea ice supporting prey
resources that underlie the carrying capacity of
arecovery unit. An ice-free month is defined as a
month during which less than 50% of the relevant
area of sea is covered by sea ice with more than
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50% ice concentration (based on monthly average
sea-ice concentration, or for more than 15 days if
based on daily sea-ice data). In addition to aligning
with the timeframe of the fundamental recovery
criteria, a 100-year period is used to allow long-term
feedbacks in the climate system to stabilize and to
average over short-term (decadal-scale) oscillations
associated with natural climate variability (Kay et al.
2011, Lovejoy 2014). The assessment of the stability
of the ice-free period in part (b) above should
accommodate the expectation that uncertainties in
100-year forcing scenarios and differences among
model ensembles may produce some forecasts with
subtle increases in the length of the ice-free period
(i.e., of no more than 1 month over 100 years), which
we accept as indistinguishable from “stable.”

These criteria may change in future revisions of

the Plan as more is learned about polar bears, their
habitat requirements, the availability of alternate
prey, and how polar bears and their prey populations
respond to diminishing sea ice. The sea-ice criteria
use model projections of sea ice extent as a proxy
for the amount of time polar bears will be forced
ashore or away from sea ice over shelf waters during
summer in the future. How an ice-free month is
defined underpins the proxy’s efficacy, and the
definition should be revised as more is learned about
what sea-ice conditions best predict when polar
bears arrive and depart from land, and how those
relationships differ in different recovery units.

Assessments of future sea-ice conditions should

be made using projections from an ensemble of
state-of-the-art, fully coupled, general circulation
models (GCMs) (Harris et al. 2014). Each model

in the ensemble should possess reasonable ability

to simulate past observations of seasonal sea-ice
dynamics (Wang and Overland 2009, Massonnet et
al. 2012). For projecting future sea-ice conditions,
the GCMs should be forced with one or more
scenarios that depict plausible levels of forcing for a
baseline future in which no presumptions are made
about greenhouse gas mitigation practices that have
not yet been adopted into law or that do not already
show empirical evidence of adoption. What consti-
tutes the baseline will hopefully change over time as
nations enact changes to stabilize global warming,
and future assessments should reflect these changes.
If more than one baseline forcing scenario is deemed
plausible, the sea-ice criteria should be evaluated
using projections from an unbiased representation
of the competing scenarios. Each model should be
represented by an equivalent number of realizations
(model runs), preferably more than one.

Using projections of future sea ice from climate
models assumes that the primary limiting feature
of the environment for polar bears is the sea-ice
platform itself, and that if the platform is stabilized
then polar bears will have adequate access to prey

(primarily ice seals). It is conceivable that changes
to the environment could alter the seal populations
and distributions so that even if the ice platform
were stabilized, polar bears would not have access
to suitable prey. Future status assessments should
consider prey abundance and prey availability and
reevaluate the assumption that sea ice is the sole
limiting factor for polar bear access to prey.

Although polar bears in several of the recovery
units have historically spent the majority of their
life on the sea ice, land has been and is increasingly
becoming important for denning and as a summer
refuge (Kochnev 2002, Ovsyanikov 2012, Fischbach
et al. 2007, Rode et al. 2015, Atwood et al. 2016).
Given that the extent of summer sea ice is projected
to decline through the 21st century (Overland and
Wang 2013, Barnhart et al. 2016), terrestrial habitat
is likely to become an increasingly important refuge
for polar bears. The ability of bears to maintain
access to terrestrial denning areas without compro-
mising foraging opportunities pre- and post-denning
may be an important factor determining whether
reproduction and cub survival is affected by sea-ice
loss (Derocher et al. 2004). This distributional
change may also have ramifications for the status

of the polar bear recovery units if use of terrestrial
habitat has fitness or genetic implications.

While ice habitat is critical to the ability of polar
bears to access their prey, protection of denning and
summering habitats is and may become increasingly
important in supporting the long-term persistence
of polar bears, including in the Polar Basin Diver-
gent Ecoregion. Increased use of land is likely to
heighten the risk of human-bear interactions and
conflicts, particularly if anthropogenic activity in
the Arectic increases as projected (e.g., Vongraven et
al. 2012), the human population in the Arctic grows,
and management of attractants to polar bears is not
improved. Moreover, an expanding anthropogenic
footprint has the potential to influence the spatial
distribution, connectivity, and quality of lands that
might serve as terrestrial refugia for polar bears.
Currently, access to usable terrestrial habitats is
probably not compromised for polar bears, but
there is insufficient data at this time to formalize
the criteria required to protect terrestrial habitat.
Further monitoring is needed of any potential
threats to polar bear terrestrial habitat use and
availability, and the effects those threats may have
on population vital rates.

The 2008 rule listing the polar bear as a threatened
species under the ESA acknowledged that there
were no known regulatory mechanisms in place at
the national or international level that directly and
effectively addressed the primary threat to polar
bears—the rangewide loss of sea-ice habitat (73

FR 28288). Although Parties to the UNFCCC met
regularly to negotiate efforts to curb global green-
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house gas emissions and temper the threats posed
by continued global warming, their efforts lacked
broad international consensus and commitment.
Meanwhile, global CO; emissions have increased
60% over the past 25 years (Jackson et al. 2016),
leading some to conclude that a warming climate of
2 degrees C or more above the pre-industrial level
is unavoidable (Sanford et al. 2014). The agreement
by those Parties to the goal of “holding the increase
in the global average temperature to well below 2°C
above pre-industrial levels and to pursue efforts to
limit the temperature increase to 1.5°C” (Article
2.1(a), United Nations 2015) represents an impor-
tant step towards establishing a credible regulatory
mechanism designed to address the primary threat
to polar bears.

To keep net global warming well below 2°C, global
greenhouse emissions must be promptly and aggres-
sively reduced. Under a scenario of aggressive
GHG mitigation, Amstrup et al. (2010) forecasted
that polar bears in most regions of the Arctic could
have healthy populations if accompanied by full
implementation of well-designed wildlife manage-
ment. Atwood et al. (2016) forecasted a dominant
likelihood of greatly reduced polar bear populations
in two recovery units (the Polar Basin Divergent and
Seasonal Ice Ecoregions) based on contemporary
climate models forced with an aggressively miti-
gated emissions scenario (RCP 2.6). Nevertheless,
end-of-century model projections of sea ice under
the RCP 2.6 scenario show a likelihood that polar
bear populations could summer onshore for 4 or
fewer months in parts of all recovery units (Fig.

3), thus achieving Threats-based Criterion 1 (sea
ice), albeit with the possibility of greatly reduced
population sizes in some areas. And, since most
climate models do not project that the Arctic Ocean
will become entirely ice-free under the RCP 2.6
emissions scenario (Hezel et al. 2014), some polar
bears might adopt an alternative strategy (if viable)
of remaining on the sea ice as it retreats during
summer, then exercising an option to migrate
anywhere with abundant prey and sea ice during
winter.

Human-caused removals. There are multiple types
of direct, lethal removals of polar bears, including
legal harvest that meets management or conserva-
tion goals, legal harvest that results in overutiliza-
tion or other negative outcomes for management or
conservation, illegal harvest (poaching), authorized
incidental take, human-bear conflicts that result in
the death of polar bears, and polar bears killed as a
direct result of other human activity. In many of the
polar bear subpopulations where data are available,
mortality due to harvest exceeds mortality to
manage human-bear conflict, which exceeds human-
caused mortality from other sources (Shadbolt et al.
2012).

The subsistence harvest of polar bears, as repre-
sented by Fundamental Goal 4, was not identified as
a threat to polar bears in the listing rule, and should
not become a threat to recovery so long as harvest
occurs at a rate that has only a small or negligible
effect on the persistence of populations (Atwood

et al. 2016, Regehr et al. 2015). Guidelines for such
a rate for total human-caused removals, including
subsistence harvest, are established under the
MMPA-based demographic criteria associated with
Fundamental Goal 3 and related to Fundamental
Goal 4. In brief, these criteria seek to: (1) identify a
human-caused removal rate that maintains popula-
tions above the mnpl; (2) protect the opportunities
for subsistence harvest by minimizing other lethal
take; and (3) establish co-management of polar bears
by Alaska Native and Federal partners.

The ESA-based criterion for the total level of direct,
lethal removals for polar bears by humans, as
described here, does not replace the MMPA-based
criteria for human-caused removals. Rather, the
ESA-based criterion represents a less protective
take threshold at which removals would compromise
polar bear persistence in relation to Fundamental
Goals 1 and 2 (the MMPA-based criterion addition-
ally requires that take be low enough to allow the
population to stabilize above mnpl). A quantitative
Population Viability Analysis, similar to that used
for estimating demographic criteria, represents

an appropriate tool for evaluating the effects of
total human-caused removals following the tiered
framework proposed below.

The 2008 listing rule found that currently, human-
caused removals “[do] not threaten the polar bear
throughout all or a significant portion of its range”
but that “Continued efforts are necessary to ensure
that harvest or other forms of removal do not exceed
sustainable levels” (73 FR 28280). Provided the
following criterion is met, human-caused removals
will not be considered a “threat” to recovery.

ESA Threats-based Criterion 2 (human-caused
removals): For each recovery unit, the total
level of direct, lethal removals of polar bears
by humans, in conjunction with other factors,
does not reduce the probability of persistence
below 90% over 100 years.

As written, this criterion is largely a recapitulation
of ESA Fundamental Criterion 2 (90% probability
of persistence in each recovery unit), with a focus
on the effect of human-caused removals on the
probability of persistence. In the event that an
appropriate quantitative model is not available to
assess this criterion, it could be evaluated using a
tiered approach:
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1. Criterion met: Total human-caused removals
are below the removal rate that maintains the
population above mnpl (), as defined under ESA
Demographic Criterion 4. Removals at this rate
are likely to have no effect, or a negligible effect,
on persistence. In this case, a population viabil-
ity analysis would not be needed to know this
criterion was met. As noted earlier, this is also
the most likely path to recovery, given the other
motivations in this plan to maintain removals at
or below this level.

2. Criterion possibly met: Total human-caused
removals exceed & but are below the upper
limit described under “Criterion not met.”
Removals within this range could result in
different outcomes, including: removals resulting
in equilibrium population size below mnpl but
with a negligible effect on persistence; removals
leading to a small equilibrium population size,
and therefore either having some negative effect
on persistence over the period of interest or
shortening the median time to extirpation; or
removals that have a high probability of resulting
in population sizes far below mnpl and a signifi-
cant negative effect on persistence. The annual
removal rate and its effects must be balanced
against other Fundamental Goals and threats to
achieve the desired overall level of persistence
as stated in ESA Fundamental Recovery Crite-
rion 2. This is the range in which ESA Demo-
graphic Criterion 4 is not met but recovery is still
possible, provided the other demographic rates
exceed their minimal standards enough to meet
the persistence criterion. If the human-caused
removals in a recovery unit were in this range, a
population viability analysis would be needed to
assess this potential threat.

3. Criterion not met: Total human-caused removals
result in a 10% or greater decrease in the prob-
ability of persistence over 100 years, compared
to a scenario with no removals. At this upper
limit, removals would violate ESA Fundamental
Criterion 2 even in the absence of all other
threats.

Additional factors of potential future concern. A
number of other factors, including disease, ship-
ping, oil and gas development, and oil spills, were
evaluated in the 2008 listing rule for polar bears but
not found to be threats; thus, they do not require
threats-based recovery criteria. Further, because the
potential for these factors to become threats in the
future is distant or low enough (Atwood et al. 2016),
they do not warrant development of specific criteria
to indicate when they might become a threat.

At present, exposure to disease and parasites

is not a threat to the persistence of polar bears.
However, data on the exposure of polar bears to
disease agents and parasites are quite limited (i.e.,

restricted almost entirely to the Southern Beaufort
Sea subpopulation), and there is no information on
putative links between disease status and population
vital rates. The lack of information is a concern
given that climate change is expected to have both
direct and indirect effects on disease dynamics in
the Arctic due to changes in host-pathogen associa-
tions, altered transmission dynamics, and host and
pathogen resistance (Burek et al. 2008). Concern is
exacerbated by the fact that polar bears have a naive
immune system (Weber et al. 2013), which may make
them particularly vulnerable to new pathogens, and
greater time on land during ice-free summers may
increase exposure to new pathogens. Thus although
the best available science currently indicates that
disease and parasites are not a threat to polar bears
(Atwood et al. 2016), periodic monitoring of polar
bear health (to include exposure to disease agents,
pollutants, and contaminants) is warranted.

With regard to the other factors, the continued
decline of summer sea ice will allow greater human
access to the Arctic Ocean, increasing the prospect
of oil and gas exploration and development (Gautier
et al. 2009) and the opening of new shipping routes
(