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Background:

e The Western Hudson Bay (WH) polar bear subpopulation is shared with Manitoba
(Figure 1).

¢ In 2005/2006, polar bear Memoranda of Understanding (MOUSs) came into effect
and the Total Allowable Harvest (TAH) for WH polar bears was increased from 47
per year to 56 per year. The WH MOU (Section 5.7.1) states that when new
research information becomes available the TAH will be corrected as necessary.

e New information from Canadian Wildlife Service (CWS), Environment and Climate
Change Canada (ECCC) in February 2005 indicated that the estimated abundance
had decreased by approximately 22% from 1200 to 935 bears between 1984 and
2004. The researchers attributed this decline in population size to the combined
effects of progressive sea-ice decline causing reductions to survival and
recruitment rates, and subsequent unsustainable control and harvest removals.

e In contrast to the scientific findings, the observations by local hunters in Nunavut
and Inuit traditional ecological knowledge (TEK) suggested that the population may
not be declining.

¢ Climate change may have altered polar bear distribution patterns and behaviour,
giving Inuit hunters the impression that there are more bears because there are
more bear-human encounters. However, it may also be true that both population
numbers and population performance have been underestimated by previous
scientific studies which failed to include the entire summer retreat area used by
WH polar bears.

e The Nunavut TAH for WH was reduced to 38 bears for 2007-2008, and then set at
8 bears per year for the 2008-2009, 2009-2010 and 2010-2011 seasons.
Removals for control actions (defense Kills), combined with regular harvest,
exceeded the TAH (8) every year following the reduction.
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In 2011, the TAH was set at 21 bears as an interim measure in anticipation that
new research results would be available in 2012.

An aerial survey of the entire summer range of the WH population was conducted
by the Government of Nunavut (GN) in 2011 in collaboration with the Government
of Manitoba. The survey estimated the population size at approximately 1030
bears (754 — 1406, 95% CI). The report stated that, “the aerial survey-derived
estimate is consistent with the 2004 capture-based estimate but inconsistent with
projections suggesting continued decreases in abundance”.

The Nunavut Wildlife Management Board (NWMB) set a new TAH for WH at 24
polar bears for three years, to be formally reviewed following the 2014-15 harvest
season, or at such time as new relevant information becomes available.

The NWMB made an initial decision on 31 March 2015 to increase the TAH for WH
by 14 to a total of 38 bears, which the Minister disallowed in his initial reply. The
NWMB's final decision was made on 7 October 2015 which remained at 38 bears.
The Minister varied the NWMB decision on 23 October 2015 to an increase of 4
bears to a total regional TAH of 28 bears for the 2015/2016 harvest season (Figure
2).

Since the 2011 aerial survey of the WH subpopulation, new information became
available from the analyses of long-term mark-recapture work (1984 — 2011)
conducted by ECCC. Their results indicated that the 2011 WH polar bear estimate
was 806 bears (715-1398, 95% CI), which was roughly consistent with the
abundance estimate derived from the aerial survey.

A declining trend in population size was detected between 1987 and 2004, but the
population appears to have remained relatively stable over the past decade.
Female growth (the proportion of females in the population) also appeared to have
been stable with a female population growth rate of 2% annually for the period
1991-2011(Lambda = 1.02 (0.98-1.06, 95% CI)).

The study also indicated that survival of females of all ages was correlated with
sea ice conditions, and was generally lower in years of earlier break-up. However,
although the study found long-term (1979-2012) trends in earlier break-up and
freeze-up, no such trends were apparent during the last decade (2001-2011),
suggesting there has been a period of relative stability in sea-ice conditions.

Current Status:

A new collaborative aerial survey study was conducted between 12 — 22 August,
2016 to re-assess the abundance of the WH polar bear subpopulation (Figure 3).

The new sub-population estimate was assessed at 842 bears (562-1121, 95% ClI,;
16.9% Coefficient of Variation) during August of 2016.

During the time of the survey, very few bears (~5.3%) were sighted in Nunavut,
with the vast majority summering in Manitoba.
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e As with the last survey, indicators of reproductive performance were poorer in WH
polar bears during 2016 when compared to any other subpopulation in the Hudson
Bay complex (e.g. polar bear cubs-of-the-year and yearlings presented a small
proportion of the total observations).

e The new population estimate is lower than that of the previous (2011) aerial
survey, but not significantly since confidence intervals overlap. The current
estimate is not significantly different from the 2011 aerial survey estimate of 949
bears (618-1280, 95% CI) based upon similar transect sampling methods and
analysis of covariates (t=0.48, df=452,p=0.63).

Consultations:

e Community consultations were held with HTO representatives from Rankin Inlet,
Arviat, Whale Cove and Chesterfield Inlet between 4 and 7 July 2017, also
including participants from Nunavut Tunngavik Inc. (NTI) and the Kivallig Wildlife
Board (KWB).

e During those meetings, results of the 2016 GN-led aerial survey were discussed, in
addition to the GN recommendation of no change to the current TAH of 28 bears,
given the results of the study.

e Several communities indicated their support for fall coastal surveys to assess bear
distribution that could assist in preventing problem bear occurrences, as well as
support for a more detailed traditional knowledge study.

e The Arviat HTO requested that polar bear tag credits be zeroed so that full
allocation of tags becomes available for the polar bear harvest but also for
potential problem bears.

e The Government of Manitoba was provided with the 2016 WH aerial survey report,
and notified of the Government of Nunavut's TAH recommendation of no change to
the current TAH of 28 bears, with a recommendation to the NWMB to re-set credits
and TAH.

e The Report has also been provided to ECCC and Parks Canada Agency.
Government of Manitoba and ECCC officials have been encouraged to participate
in the NWMB'’s decision-making process, and to provide any additional information,
concerns or recommendations they consider relevant, in the interest of helping the
Board make an informed decision.

Recommendations:

1. DOE recommends no change to the current WH TAH of 28 bears.

2. DOE recommends a re-set to the TAH by zeroing-out existing polar bear tag
credits so that all communities harvesting from WH will be in a position to have
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their full allocation available to cover any harvested bears and problem bears if
necessary.

This recommendation was derived by taking various sources into consideration, and
by carefully evaluating additional important relevant data, as follows:

e The GN aerial survey results of 2011 and 2016 are both very similar in that they
are not statistically significantly different. That means that although a decline of
approximately 18% in the population was observed, results and comparisons of
both studies indicate that the WH polar bear population has remained relatively
stable.

e The ECCC analysis indicated that the WH subpopulation has remained relatively
stable over the past decade, whereas a declining trend was apparent between
1987 and 2004.

e Sea-ice freeze-up and break-up patterns over the past decade have not indicated
any significant trends; however, when a larger time-frame (1979-2012) is
considered, break-up and freeze-up of sea-ice has been occurring three weeks
earlier and three weeks later on average, respectively.

e Average body condition (body mass) of solitary adult female polar bears has been
declining since 1980. As body condition declined over this period so did
recruitment rates (or litter production). Similar observations were made during both
aerial surveys, where both cubs-of-the-year and yearling observations were lower
as compared to any other seasonal ice-free polar bear population with available
data.

e The mean combined annual Nunavut-Manitoba removal for the WH subpopulation
was approximately 32 bears (harvest season 2003/2004 — 2015/2016). Manitoba in
the past has retained 8 tags for potential defense of life and property kills (their
removal for the same time period was 2.8 bears/year).

¢ DOE will continue to work with communities to ensure that public safety is
maintained, and bear-human interactions are minimized through a strong
emphasis on polar bear deterrent efforts.

e DOE recommends that as per section 5.7.6 of the Nunavut Land Claims
Agreement, the TAH should be distributed among the communities that share the
WH polar bear sub-population as identified by the Regional Wildlife Organization,
and that consideration should also be given to communities that endure a higher
level of polar bears that become a risk to public safety and property.

e DOE believes the recommendation to maintain the current TAH of 28 bears
balances the best current available scientific information and Inuit observations to
ensure that the harvest does not cause a conservation concern for the WH polar
bear sub-population over the short and long-term.
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Figure 1. Overview of Nunavut polar bear subpopulations (WH = western Hudson Bay; SH =
southern Hudson Bay, FB = Foxe Basin).
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Figure 2. Overview of the removals from the western Hudson Bay polar bear population and
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Figure 3. An overview of the various strata that were employed during the August 2016
aerial survey in western Hudson Bay.
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Background

» Concern about status of
sub-population

63°0'0"N

> Science:

» 1030 bears (last GN-led
aerial survey [2011])

» EC results agree that WH has
been stable for last decade

60°0'0"N

> 1Q and local observations:
> More bears seen

57°0'0"N
|

]
57°0'0"N

» Increasing numbers & range

» Concern about accuracy &

impacts of tagging studies

PB WH Aerial Survey 2016 Kivallggoow
Consultations Appendix 1



Background

» Disagreement between
science and 1Q

63°0'0"N

» Need for new study

60°0'0"N

» Tried new non-invasive
method = aerial survey

» Resolve disagreement

57“0['0"N

» Continue to monitor
population to establish
trend

PB WH Aerial Survey 2016 Kivalbepow | 9200w | 8500'W .
Consultations Appendix 1



Aerial Survey
2011: Results

63°0'0"N

» 1030 polar bears

» High densities in
southeast WH

60°0'0"N

» Large portion of the
population outside
area where tagging
studies occur

57°0'0"N

» Evidence of poor
reproductive
performance

PBWHA
Consultations Appssrogdinl

Western Hudson Bay Aerial Survey, 2011: Polar Bear Sightings
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Mark-recapture Studies and Sea-ice
Monitoring

 Environment Canada long-term study

* Analysis of data for 1987 to 2011

* Key Results:
— Survival linked to sea-ice conditions

— Estimated 806 bears (in 2011)

— Long-term declines in sea-ice and bears numbers but
stability over the last decade

— No recent trends in sea-ice or bear numbers

— Predictions of future trend highly dependent on sea-
ice conditions



Using Aerial Surveys to Monitor WH

Adaptive management requires more frequent monitoring
Methods like aerial survey are well suited

Fast, less invasive, cost effective, community involvement

Can detect trends in populations and respond accordingly

Scope of information limited: Trade-off



Aerial Survey 2016

96°0'0"'W ‘W

Objectives:

e

ey
» Estimate abundance of PB in “’

WH

» Comparison with last aerial
survey (2011)

» Evaluate as a monitoring
method

> PB distribution in relation to
habitat & environmental
conditions where possible |

PB WH Aerial Survey 2016 Kivallig
Consultations Appendix 1




Research Plans 2016

» Aerial survey

» Alternative to tagging
»used in 2011

» On-going collection of 1Q and hunter
observations

»HTO’s, NTI, GN



Design

Sources of Information:

» Tagging Studies in Manitoba (>40 years)
» Coastal surveys in Manitoba (>40 years)
» Movements on satellite collared bears
» Workshop with HTO members, 2010*

» Tested aerial survey in Nunavut, 2010 and
2011*
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Timing of Survey: Late August
Why?

» All bears are off the sea-ice and it is before they
return (e.g., concentrated on land)

» Minimize number of denned bears

» Good sighting conditions (i.e. lack of snow cover,
longer days, weather, light conditions)

» Coincides usually with timing of tagging studies



How we flew the last
survey

» Survey teams: Nunavut - Twin
Otter (13-17 Aug 2016)

» 2 Helicopters (17-22 August
2016) in Manitoba

» 4 observers per team

> Front and back observers
working independently

» Recording type and location
of bears seen, habitat

PB WH Aerial Survey 2016 Kiva
Consultations Appendix 1




flying
transects

PB WH Aerial Survey 2016 Kivallig
Consultations Appendix 1
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flying
transects




Challenges

> Islands and
offshore waters

> Tidal flats




Challenges

» Vegetation

> Glare

PB WH
Co




Challenges

» Vegetation
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Results

»Survey flown August 12 — 22nd

» More than 130 hours of flying

»Over 9500 km of inland transects flown
plus extended over water



Participants

» Mitch Campbell, Kelly Owlijoot, M. Dyck (GN
Dept. Of Environment)

David Lee, Robert Karetak (NTI)
eo Ikakhik (Arviat HTO)
ouis Tattuinee (Rankin HTO)

Daryll Hedman, Vicki Trim (Manitoba
Conservation)

» Kevin Burke, Chantal Ouimet (Parks Canada)
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Results

» 339 polar bear

sightings

> 18 in Nunavut
> 321 in Manitoba

» Groups of 1to 11

> Includes

swimming bears
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In Nunavut

> Distribution

similar to 2007,
2010, 2011

, T
Legend

Nunavut
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In Manitoba

» Distribution similar ... § - AR
to previous studies S
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Proportion of

Litter size total
Subpopulation observations Source
Ccoy YRLG (o{0) 4 YRLG
/ \
Western Hudson
1. N 1.25 (0.1 1 : N lish t
Bay (2016) 63 (0.10) 5 (0.16) 0 0.03_/ GN (unpublished data)
Western Hudson
Bay (2011) 1.43 (0.08) 1.22(0.10) 0.07 0.03  Stapleton et al. (2014)
Southern Hudson 1.56 (0.06) 1.49 (0.08) 0.16 0.12 Obbard et al. 2015
Bay (2011)
Foxe Basin (2009- 1.54 (0.04) 1.48 (0.05) 0.13 0.10  Stapleton et al. (2015)

2010)

Western Hudson Bay has some of the lowest yearling
litter sizes recently recorded in Hudson Bay, and low
proportions of offspring

PB WH Aerial Survey 2016 Kivallig
Consultations Appendix 1




Body Condition

» Variable across WH

» Best body condition
in southeast WH

PB WH Aerial Survey IuGHS
Consultations Appendix 1
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2016 Estimate of 842 bears (95% CI: 562-1121)

Precision
» Met expectations

» Coefficient of Variation =
16.9%

Accuracy

> Near 100% detection on transect

» Bears outside study area
» Far inland bears (unlikely)
» Swimming bears

» Other factors: Dens (checked all),...

habitat (trees)

» Tendency to underestimate

abundance PB WH AerialSurvey 20

Consultations Appendix 1
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Abundance estimate
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Summary

» Estimated 842 bears in 2016 (August) (not sig.
different than 2011 study)

» Low densities and distribution in Nunavut during
August consistent with 2 previous studies

» Majority of bears are in Manitoba during August

» 2016 aerial survey estimate similar to 2011
estimate



Summary

» Evidence of low offspring production in 2016
as in previous aerial survey study

» Body condition variable across WH



Next Steps

Further analyses:

»Comparison between
aerial survey & future
mark-recapture?

»Comparison with 2016
aerial survey in SH

Collect more available IQ

N

Sea ice monitoring

N

Assessment of
status




Thank you — Questions?

PB WH Aerial Survey 2016 Kivallig
Consultations Appendix 1
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Explanation of variation and estimate

PB WH Aerial Survey 2016 Kivallig
Consultations Appendix 1
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Western Hudson Bay Aerial Survey 2016

M. Dyck, Campbell, M., Lee, D.S., Boulanger, J., and Hedman, D. 2017. Aerial survey of the western
Hudson Bay polar bear sub-population 2016. 2017 Final Report. Government of Nunavut, Department of
Environment, Wildlife Research Section, Status Report 2017-xx, Igloolik, NU. 82 pp + 2 Supplements.

Disclaimer

The opinions in this report reflect those of the authors and not necessarily those of the
Government of Nunavut, Department of Environment.
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Western Hudson Bay Aerial Survey 2016

Summary

Climatic change has been experienced across the globe during the past 30 years with
some transformations now being observed in the Arctic. For example, the sea-ice
habitat for some polar bear subpopulations is now experiencing later freeze-up and
earlier melt. Other studies documented correlations between these environmental
changes and reduction of body mass, survival rates, and reproductive performance of a
few polar bear subpopulations. These type of population-wide changes require careful,

and at times intense, monitoring in order to inform the status of these subpopulations.

In August 2016, the Government of Nunavut (GN) conducted an aerial survey of
the Western Hudson Bay (WH) polar bear subpopulation in order to update its status.
Pre-survey consultations with Nunavut HTOs and communities, and with the Manitoba
Department of Sustainable Development were conducted in order to utilize local and
traditional knowledge in the study design. Nunavummiut living within the range of this
subpopulation have repeatedly indicated that they feel the abundance of polar bears
has increased within Nunavut. Other studies of WH suggest that numbers appear to
have stabilized between 2001-2011 following a period of decline between 1987-2004.
The last GN aerial survey produced an estimate of 1030 bears (95% CI: 745-1406) in
2011. Final survey results of this study (2016) produced an estimate of 842 bears (95%
Cl: 562-1121). The estimate is not significantly different from the 2011 aerial survey
estimate of 949" bears (95%Cl: 618—1280) based upon similar transect sampling

methods and analysis of covariates.

A double observer distance-sampling method was employed to estimate
abundance. During this survey, bears were observed by front and rear observers from
aircraft following inland transects oriented perpendicularly to the coastline. During
August 2016, the majority of bears were distributed within 10km of the coast, with the
exception of Wapusk National Park where some bears were observed greater than 80

km inland. Very few bears were observed in Nunavut, and a substantial proportion of

! During the 2011 aerial survey, coastal and inland transects were flown, which were not identical to the 2016
survey and therefore these estimates are not directly comparable. Regardless, when the derived abundance
estimate of 1030 bears from the 2011 survey is statistically compared with the 2016 estimate, no significant
difference between those two estimates can be detected.
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Western Hudson Bay Aerial Survey 2016

bears, mostly adult males, were encountered in large concentrations in the south-east
section of the study area towards the Manitoba-Ontario border. Cubs and yearlings
comprised a small proportion of the sample size, which was also observed during
previous studies. This suggests that reproductive performance is low for this

subpopulation but this was not a specific objective of this study.
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Field work during the 2016 field season (12 — 21 August) involved approximately 76
person days (24 person days by Twin Otter, 52 person days by helicopters).

Aircraft Hours

We flew a total of approximately 132.5 hrs during our field study, including ferry times.
These hours were distributed as follows: 55.2 hrs by Twin Otter, 33.7 hrs by the EC135,
and 43.6 hrs by the Bell 206 L4.

Field Dates

Field activities for the aerial survey of the western Hudson Bay (WH) polar bear
subpopulation took place between 12 and 21 August 2016. There was only one weather
delay day during the survey affecting only the EC135 crew. The Bell LR4 crew was
stationed in a different field location and was able to fly all survey days.

Fieldwork Location

The survey began with a Twin Otter aircraft positioned initially in Rankin Inlet, Nunavut.
We worked the Nunavut coastline including islands, south towards Churchill, Manitoba.
During the Nunavut portion of the survey we were positioned in Rankin Inlet and Arviat,
finally completing the Twin Otter portion in Churchill, Manitoba. Once in Churchill, the
survey utilized two helicopters including an EC135, which was based in Churchill and
working south, and a Bell LR4 which was positioned in the York Factory area (Marsh
Point) and working north within Wapusk National Park. Once the high-density area
between Churchill and the Nelson River was completely surveyed, the EC135 relocated
to York Factory National Historic Site while the LR4 remained positioned at Marsh Point,
and surveyed the Cape Tatnham area west to Kaskattama near the Manitoba/Ontario
border. Both field camps were used to complete the survey area between the Nelson
River and the eastern extent of the study area (Figure 1). For this survey we flew a total
(transect) distance of approximately 9,700 km.
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1. INTRODUCTION

Polar bears (Ursus maritimus Phipps, 1774) hold a place of cultural and spiritual
significance in Inuit traditional lifestyles (Honderich 2001; Henri et al. 2010). Aside the
spiritual value, in many communities polar bears are also utilized as a source of food,
material for clothing and crafts, social/cultural bonding, transfer of hunting and land-use
skills, and economic benefits through sport hunting and the sale of hides and skeletal
materials (Wenzel 1983, 1995, 2004; Freeman and Wenzel 2006; Freeman and Foote
2009). As the Arctic became more attractive to European explorers in their efforts to
map northern sea routes, other resource exploitation including the harvest and sale of
marine mammal products including the fur trade, polar bears began facing threats
largely due to their prized hides. Historical records estimate a non-native harvest of
55,000 polar bears within the Canadian arctic alone between 1700 and 1935 (Honderich
2001; Wenzel 2004). With seemingly unsustainable harvest rates, and drastically
reduced abundance levels on a global scale, the polar bear was becoming endangered
(Prestrud and Stirling 1994; Freeman 2001). Concern over such depletion caused the
five range states (Canada, United States, Russia, Greenland [Denmark before Home
Rule Government], and Norway) to sign an international agreement and to implement
conservation and management actions, including quotas, protection of family groups,
and hunting prohibitions/restrictions to allow recovery (Fikkan et al. 1993; Prestrud and
Stirling 1994; Freeman 2001).

After approximately 45 years of conservation actions as laid out in the
international agreement (Fikkan et al. 1993; Prestrud and Stirling 1994), global polar
bear abundance estimates increased from a questionable 5,000-19,000 in 1972 to
about 26,000 (95% CI: 22,000-31,000) in 2015 (Freeman 1981, 2001; Wiig et al. 2015).
This increase in abundance also was confirmed and supported by many Inuit living
across the Canadian Arctic (Tyrrell 2006, 2009; Dowsley and Wenzel 2008; Henri et al.
2010). Despite this management success (Prestrud and Stirling 1994; Freeman 2001),
polar bears are facing a new potential threat in the form of climatic changes (Derocher
et al. 2004; Stirling and Derocher 2012). Across the Arctic, warming temperatures and

changes in circulation patterns have led to a deterioration of sea-ice availability, quality
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and quantity (Maslanik et al. 2007; Stroeve et al. 2012; Intergovernmental Panel on
Climate Change 2013; Overland and Wang 2013; Stern and Laidre 2016).

Out of the 19 polar bear subpopulations recognized world-wide (Obbard et al.
2010), the western Hudson Bay subpopulation (WH) in Canada is one of the most-
studied large carnivore populations (Jonkel et al. 1972; Stirling et al. 1977; Derocher
and Stirling 1995; Regehr et al. 2007; Stapleton et al. 2014). Long-term monitoring and
research, predominantly through a capture-mark-recapture program, suggest that the
abundance increased during the 1970s, remained somewhat stable, and then declined
by an estimated 22% between 1987 and 2004 (Derocher and Stirling 1995; Lunn et al.
1997; Regehr et al. 2007). A more recent analysis suggests that the population
remained stable between 2001 and 2011 which appears to be due to temporary stability

in sea-ice conditions (Lunn et al. 2016; but see Castro de la Guardia et al. 2017).

In more recent decades polar bear research and monitoring has increased
though not without challenges. Concerns over wildlife handling (e.g., immobilization,
collaring, tagging, etc.) were expressed by Nunavut hunters and Inuit organizations over
the past decade (Henri et al. 2010; Lunn et al. 2010; Wong et al. 2017). As a response
to these apprehensions the Government of Nunavut collaborated with the University of
Minnesota to develop less-invasive monitoring techniques, such as aerial surveys
(Stapleton et al. 2014). Although only fairly recently applied to study polar bear
abundance, aerial surveys have not only proven effective in monitoring the abundance
of other wildlife species but have also become more technically advanced over the last
two to three decades (e.g., through the introduction of survey methods such as distance
sampling and double observer sight and re-sight methodologies) (e.g., Norton-Griffiths
1978; Caughley et al. 1976; Tracey et al. 2008; Aars et al. 2009; Stapleton et al. 2014,
2015; Obbard et al. 2015; Lee and Bond 2016). Aerial surveys have become the
method of choice in Nunavut to monitor this sentinel polar bear subpopulation over the
long-term to provide less invasive, less expensive, up-to-date information to decision
makers and user groups (Yuccoz et al. 2001; Nichols and Williams 2006; Peters 2010;
Stapleton et al. 2014). In keeping with community recommendations and previous aerial

survey methods used in August 2011, we set out to up-date the status of the WH
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subpopulation using a distance sampling, and double observer sight re-sight method in

August 2016 during the ice-free period.

2. METHODS
2.1. Study Area

The WH polar bear subpopulation is part of the Hudson Bay complex that includes the
neighboring Foxe Basin and southern Hudson Bay subpopulations (Obbard et al. 2010;
Thiemann et al. 2008, Peacock et al. 2010; Figure A4.1). Although there is spatial
overlap of polar bear movements from these three subpopulations apparent on the sea-
ice (e.g., Stirling et al. 1999; Obbard and Middel 2012; Sahanatien et al. 2015), past
capture-mark-recapture studies (Stirling et al. 1977; Derocher and Stirling 1990;
Ramsay and Stirling 1990; Kolenosky et al. 1992; Taylor and Lee 1995; Derocher et al.
1997; Lunn et al. 1997, 2016), genetic studies (Paetkau et al. 1995, 1999; Crompton et
al. 2008; Malenfant et al. 2016), and analyses of satellite telemetry data (Stirling et al.
1999; Sahanatien et al. 2015; Obbard and Middell 2012) support the currently accepted
WH subpopulation boundary (Obbard et al. 2010).

Our study area has been well-described by Brook (2001), Dredge and Nixon
(1992), Ritchie (1962), Clark and Stirling (1998), Peacock et al. (2010) and Richardson
et al. (2005) and includes the areas described by Stapleton et al. (2014) and Lunn et al.
(2016). The terrestrial portion of the study area stretches for approximately 1,500 km
from about 35 km southeast of the Manitoba-Ontario border all the way into Nunavut
(approximately 20 km south of Chesterfield). In general, the southern portion of the
study area displays the characteristics of the Hudson Plains ecozone and the Coastal
Hudson Bay and Hudson Bay Lowlands. The northern portion exhibits Taiga and the
Southern Arctic ecozone (Ecological Framework of Canada 2016). Where trees (black
spruce [Picea mariana), white spruce [P. glauca], and tamarack [Larix laricinal]) are quite
common in the southern extents, dwarf birch (Betula nana), willows (Salix spp.), and
ericaceous shrubs (Ericaceae spp.) are the norm to the north. The near-coastal
southern areas exhibit elevated beach ridges, marshes and extensive tidal flats. There

is very little relief (<200 m) with underlying continuous and semi-continuous permafrost.

15| Page



Western Hudson Bay Aerial Survey 2016

Sea-ice is absent in this region generally from July to November (Stirling et al. 1999;
Scott and Marshall 2010; Stern and Laidre, 2016), and biting insects are plentiful during

the summer (Twinn 1950).

Polar bears of WH come ashore when sea ice levels diminish to < 50% (Stirling
et al. 1999; Cherry et al. 2013, 2016), which generally occurs during July (Stern and
Laidre, 2016). Once on land, the bears segregate by sex, age class, and reproductive
status within the study area where they exhibit fidelity to their terrestrial summer retreat
areas (Stirling et al. 1977; Derocher and Stirling 1990). Adult males are generally found
along the coastline, pregnant females and females accompanied by offspring are found
in the interior denning area which is mostly included within Wapusk National Park, and
subadults are distributed throughout the study area (Stirling et al. 1977; Derocher and
Stirling, 1990; Ramsay and Stirling 1990; Clark and Stirling 1998; Clark et al. 1997,
Richardson et al. 2005). When sea ice reforms during November all bears except
pregnant females return to the ice. Pregnant females give birth in terrestrial dens during
December and early January, and family groups generally depart their dens in March
and April to return to the sea ice (Jonkel et al. 1972; Stirling et al. 1977; Ramsay and
Stirling 1988).

2.2. Survey design

The 2016 WH polar bear distance sampling abundance survey used double
observer pairs (sight/re-sight) and was based out of the communities of Rankin Inlet and
Arviat within the Nunavut Settlement Area, and Churchill and the remote camps of York
Factory and Marsh Point within northern Manitoba. The comprehensive stratified aerial
survey was flown between 12 and 21 August. The survey was timed to coincide with the
ice-free period because; (a) all polar bears of the WH population are forced to be on
land during this time, (b) any overlap with neighboring subpopulations is very likely
minimal, and (c) bears are readily visible against the terrestrial landscape. In addition,
females will likely not have begun to den yet and can be detected while moving towards
their inland denning area (Stapleton et al. 2014). The survey was structured into two

main components: 1) Pre-stratification using telemetry, past survey results and
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traditional, local, and ecological knowledge collected during the consultation process,
and 2) Distance sampling double observer pair (sight re-sight) aerial visual survey

methods using fixed and rotary wing aircraft.

The establishment of the survey area and the division of that study area into
strata of individually consistent relative densities of polar bears was modeled after
Stapleton et al. (2014). Modifications were based on their 2011 aerial survey results as
well as previous and current telemetry findings (n = 8 collared bears in summer of 2016,
A. Derocher, University of Alberta and Environment and Climate Change Canada,
unpublished data; Manitoba Sustainable Development, unpublished data; Derocher and
Stirling 1990; Lunn et al. 1997; Stirling et al. 2004; Richardson et al. 2005; Towns et al.
2010; Stapleton et al. 2014). In addition, we consulted coastal survey maps and den
emergence information provided by Manitoba Sustainable Development.

Following a thorough review and spatial plotting of past survey observations
across the WH polar bear population boundary, an in-depth round of HTO (Hunters and
Trappers Organizations) and community-based consultations were undertaken in
January and February of 2016. During those consultations, HTOs from the
communities of Baker Lake, Rankin Inlet, Chesterfield Inlet, Whale Cove and Arviat
were invited to comment on preliminary stratification of polar bear densities as well as
transect placement. Comments and concerns raised during these meetings were
incorporated into the survey design. The merging of past survey observations and
telemetry data, with the mapped density distributions from consultations, yielded 4
survey strata that slightly varied from those used by Stapleton et al. (2014) in 2011.
The 2016 survey strata included the following derived polar bear density distributions: 1)

very low, 2) low, 3) moderate, and 4) high (Figure 1).

All survey transects were oriented perpendicular to the bear density to improve
precision and to reduce possible bias during sampling (Buckland et al. 2001) (Figure 1).
Survey effort, measured as transect spacing, was then allocated across survey strata
based on the following constraints: strata with the highest estimated polar bear density

for the survey period would receive the highest level of coverage with survey effort for
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the remaining strata being allocated proportionally to the approximate relative density of
polar bears. Effective strip width varied depending on sightability, which in turn was
dependent on measured covariates including cloud cover, speed, ground cover, terrain,

and observer ability.

The very low density strata and transects represented the inland portions of the
survey area outside of the Wapusk National Park high density stratum boundaries
(Figure 1). These strata were divided further into two main areas, one north and west of
the Churchill River up to the Nunavut/Manitoba boundary in the north, and the second
south and east of the Nelson River bounded to the east by Cape Tatnam. The very low
density strata covered only inland transects generally ending within 20 to 30 km of the
Hudson Bay coastline. Transect spacing was irregular but averaged 17 km across the

strata.

The low-density stratum and transects occupied the northern extents of the WH
polar bear population boundary (approximately 20 km south of Chesterfield Inlet) to the
Nunavut/Manitoba border (Figure 1). Modifications from Stapleton et al. (2014) included
|IQ-based transect extensions both over water and inland within the northern extent of
this stratum. Overwater extensions within the remaining extents including 2 transects
bi-secting Sentry Island were derived solely from Inuit Qaujimajatuqangit (IQ) reports
and recommendations. Transect lines in this stratum were spaced 10 km apart, and
extended up to 90 km inland, and up to 30 km into Hudson Bay beyond the coast to
incorporate the many off-shore islands characterizing this coastline. The development of
this stratum was largely based on local knowledge which strongly recommended the

extension of coastal transects inland and across open water and coastal islands.

The moderate-density strata and transects were divided into two areas, one north
and west of the Churchill River up to the Nunavut/Manitoba boundary in the north, and
the second south and east of the Nelson River, approximately 60 km east into Ontario
to the eastern extent of the WH polar bear population boundary. These strata primarily
covered a Hudson Bay coastal strip that was approximately 20 to 30 km wide. Transect

spacing within this strata was 7 km with transects extended beyond the tidal flats into
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open water. Recent information collected by the Manitoba Department of Sustainable
Development on summer and spring polar bear habitat including denning sites, spring
emergence habitat, and coastal summer retreat, led this survey effort to modify
Stapleton et al. (2014) survey design to define a moderate-density stratum from Cape
Tatnam east toward East Penn Island with transects extending beyond the coastal strip

up to 70 km inland into known denning habitat (Figure 1).

The high-density survey stratum and transects followed those described by
Stapleton et al. (2014). The stratum boundary ran between the Churchill River in the
west to the coast of Hudson Bay in the east with Churchill forming the northern
boundary and the Nelson River approximating the southern boundary. The core of the
high density stratum included Wapusk National Park which is known to be a high
density summering area, and further inland, a heavily used denning area (Lunn et al.
2016). Transects in this stratum extended up to 100 km inland and were spaced 6 km
apart. As with all other survey strata, all transects were extended 5-30 km beyond the
coast into Hudson Bay which enabled the survey design to include bears either in water
or on the extensive tidal flats known to be occupied by bears during summer and fall
periods (Dyck, 2001; Clark and Stirling 1997).

Financial and logistical constraints as well as examination of weather patterns
dictated the survey window and total number of aircraft required to successfully and
efficiently complete the survey without the concern over long-disance polar bear
movements between survey days. One de Haviland Twin Otter fixed wing aircraft with
radar altimeter, a Eurocopter (model EC135) twin engine rotary wing aircraft with radar
altimeter, and a Bell Long Ranger (model L4; Bell LR4) single-engine rotary wing
aircraft with pop-out floats were used to complete the August 2016 WH polar bear
abundance survey. All aircraft throughout the survey maintained, as close as possible,
an altitude of 400 feet above ground level (AGL) and an air speed of between 70 and 90
knots for the fixed wing, and 70 to 80 knots for the rotary wing aircraft while flying on
transect. The Twin Otter fixed wing aircraft was used to complete the low density
stratum within Nunavut and the very low and moderate density strata west and north of

the high density stratum bounded by the Churchill River, Manitoba, in the south. The
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twin engine fixed wing configuration and its ability to fly on one engine was chosen to
increase safety while flying over extensive water transects characteristic of the northern

half of the survey study area within Nunavut.

The Eurocopter EC135 helicopter was incorporated into the survey study design
as it has the ability to seat six (6) forward facing observers, four dependent observers
(two on the left side of the aircraft and 2 on the right) and two non-dependent observers
(a data recorder/observer on the left and a pilot/observer on the right; Appendix 1). We
utilized this configuration to test the assumptions that the pilot and navigator,
considered non-dedicated observers due to their additional roles that at times would
impact continuous observations and associated search patterns. The goal of this
configuration was to test whether these non-dedicated observer positions could observe

polar bears as effectively as a dedicated observer.

The LR4 was used within the more remote extents of identified survey strata
south of Churchill due to its greater fuel economy while operating out of remote fuel
caches. The LR4 was configured for four (4) observers: two dedicated observers in the
left and right secondary (rear) positions and a data recorder/observer in the front left
primary position and a pilot/observer in the front right primary position. Both rotary wing
aircraft were used to complete the remaining high, moderate, and very low density

strata within the southern half of the survey study area in northern Manitoba.

2.2.1. Double observer pair

The double observer pair (sight/resight) method is a variation of physical mark-
recapture (Pollok and Kendall 1987). Simply, the aircraft’s front and rear observers
comprise two independent survey teams, visually ‘marking’ (i.e., front observers’
sighting) and ‘recapturing’ (i.e., rear observers’ resighting) polar bears. Observer teams
must be independent to estimate detection probabilities (see Appendix 2). This
resultant information provides an independent estimate of the number of bears present
in the survey strip that were not observed by either team (Laake et al. 2008; Buckland et
al. 2010).
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The double observer pair method requires two pairs of observers on each of the
left and right hand sides of the aircraft (Figure 2) (Buckland et al. 2001; Pollock and
Kendall 1987). One “primary” observer sits in the front seat of the aircraft and a
“secondary observer” is located behind the primary observer on the same side of the
aircraft. To insure visual isolation, a barrier was installed between same side observers
to remove any visual cues that could modify an observer’s ability to sight the animal
(Appendix 1). Observers waited until bear groups passed before calling out the
observation to ensure independence of observations. The data recorder/recorders,

tE 1]

categorized and recorded counts of each bear (group) into “primary only”, “secondary
only”, and “both”; The observers switched places approximately half way through each
survey day (i.e. at lunch or during re-fueling stops) as part of the survey methods to
address possible differences in sightability between the primary and secondary
positions. Though the methods during all phases of the survey followed these 4 basic
steps, there were differences in the methods deployment made between the three

aircraft.
2.2.2. Fixed wing

Within the fixed wing aircraft we utilized an 8 person platform; 4 dedicated
observers, 2 data recorders (for each of the left and right primary and secondary
observer pairs) and a pilot and co-pilot. Observers within the fixed wing survey crew
included two experienced Hunters and Trappers Organization (HTO) observers (one
from Rankin Inlet and one from Arviat), 3 experienced wildlife biologists (two from the
Government of Nunavut — Department of Environment and one NTI wildlife biologist),
and one experienced wildlife technician. The observers were further divided into
primary and secondary teams, each isolated from the other using visual barriers
between the seats as well audio barriers through the use of two independent intercom
systems monitored by each of a primary data recorder/navigator and a secondary data
recorder/navigator (Appendix 2). The pilot’s responsibilities were to monitor air speed
and altitude while following transects pre-programmed on a Garmin 650T Geographic
positioning system (GPS). The data recorder/navigators were responsible for

monitoring a second and third identically programmed GPS unit for the purposes of
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double-checking the position as well as to record the geographic position, body
condition, composition and numbers of observed polar bear groups on data sheets.
The pilots, data recorders, one right side observer, and both left side observers
remained consistent throughout the fixed wing portion of the survey, while one right
observer position was occupied by 3 different individuals. The primary and secondary
observer pairs were alternated between the front and rear positions halfway through the

day during scheduled re-fueling stops.
2.2.3. Rotary wing

The EC135 rotary wing platform was configured to have 6 forward facing seats with
observation windows, 3 on the left side of the aircraft and 3 on the right. We utilized a 6
person configuration for the first two days of surveying and a 5 person platform for the
remainder of the survey to address weight and balance issues as they pertained to

extending endurance.

Within the EC135 six (6) person configuration, 4 were dedicated observers, two
on the left side of the aircraft and 2 on the right. The remaining 2 positions were within
the forward most seats and included a data recorder/observer on the left side and a
pilot/observer on the right. Though the final population analysis utilized the
observations exclusively from the 4 dedicated observers, the data recorder/observer
and pilot/observer observations were also recorded to compare with the observations
from respective side dedicated observers for an assessment of a non-dedicated
observer’s ability to sight bear groups. As only one data recorder could be
accommodated using this configuration, front and rear audio isolation was not possible
leading to a modification of the fixed wing configuration where the two front most
observers (pilot and data recorder) waited until the observation moved to their 5 and 7
o’clock positions respectively to ensure all same side dedicated observers had ample
time to independently sight the group. Additionally the primary dedicated observers
waited until the bear observation passed their 4 o’clock (right) and 8 o’clock (left)
position to allow the secondary observers ample opportunity to make their sighting. As

in the fixed wing, the same-side dedicated observers changed between primary and
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secondary positions half way through the day. Only one change was made between
dedicated observers over the two day period. Additionally all but one dedicated

observer remained consistent over the period.

The EC135 five (5) person configuration followed the same basic configuration
indicated for the 6 person configuration with the single exception of the removal of the
pilot as an observer. The data recorder/observer position continued to further test the
comparability between a dedicated and non-dedicated observer. All observers were
experienced and remained consistent throughout the remainder of the survey. For this
configuration the data recorder/observer position moved back one seat to the left
primary position opposite the right primary dedicated observer. Once again primary and
secondary positions were exchanged half way through the day.

The Bell LR4 only allowed for a four person configuration due to weight and
balance issues while carrying full fuel as well as seating configuration. Using this
configuration only the secondary observers were dedicated observers while the left
primary observer seat was occupied by a data recorder/observer and the right primary
position by a pilot/observer. Additionally, observers could not exchange primary and
secondary positions using this configuration to determine sightability differences
between seating positions. Though only two dedicated observers could be
accommodated within the LR4 configuration, this study used the assessment of non-
dedicated observers within the EC135 to inform on the reliability of the non-dedicated
observers within the LR4. While the methods used during this study generally followed
those used by Stapleton et al. (2014), it is important to note that no pooling of front and

rear observers was made. All observations made during this study were independent.

2.2.4. Distance Sampling

In addition to the deployment of the double observer pair method within all aircraft, we
also collected observations using distance sampling. The distance sampling method
followed Buckland et al. (1993, 2004, 2010) and used Program Distance, Version 6.0
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(Thomas et al. 2009), to model stratified line transect observation data and estimate
density and abundance for polar bears. Using the conventional distance sampling
approach (CDS), we modeled the probability of detecting a group of polar bears and
their densities within five delineated strata as a function of distance where the detection
function represents the probability of detecting a group of polar bears, given a known
distance from the transect (Buckland et al. 2001). Recognizing that other variables may
affect the detection probability, density estimates were also derived using multiple
covariate distance sampling (MCDS), which allowed us to model probability of detection
as a function of both distance and one or more additional covariates (Buckland et al.
2004). This approach was explored in order to increase the reliability of density
estimates made on subsets of the data based on terrain, vegetation, and environmental
conditions, and to increase precision of the density estimates within each unique

density-derived strata (Marques et al. 2007).

For the fixed wing portion of the survey only, and in addition to flying to the
observed bears for position and data collection, we also used distance bins marked out
with streamers and tape on the wing struts after Norton-Griffiths (1978) (Figure 4). In
total, 6 distance bins were used including the following; 0-200 meters, 200-400 meters,
400-600 meters, 600-1,000 meters, 1,000-1,500 meters, and 1,500-2,000 meters.
Though binned observations were not used during analysis, they did inform on the
precision of binning for distance sampling platforms when compared to the actual

observation waypoint recorded.

2.2.5. Observations

Polar bears observed while flying along a transect line were considered on-transect
while those observed while ferrying to, from, or between transects, or to bear and/or
wildlife sightings, where considered off-transect. Because polar bears are often found
in groups, each observation (whether individual or group) represented a group of polar
bears. In this work a group of polar bears was defined as one or more individuals within
a visually estimated 100 meter radius of one another. All observations were

investigated by moving off the transect line to the center of the group as they were
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initially observed, to record the location, group size, sex/age classes, body condition,
and activity. Additional covariates including topography, habitat, visibility, cloud cover,
and ground speed were also recorded for each observation. Observation times were
kept to a minimum to reduce disturbance and stress. All distances to the observations
were measured perpendicularly (90°) from the transect line to the center of the

observation, and recorded along with the observation’s date and time of day.

We determined gender and body condition, to the extent possible, from
approximately 30 meters altitude. A general, relatively robust though subjective fat
index has been successfully used in past studies to assess body condition of polar
bears (Stirling et al. 2008; SWG 2016; Government of Nunavut, unpublished data).
Gender of bears was determined based on body size, the presence of morphometric
characteristics (e.g., such as scars, large head, thick neck, long fur on front legs, vulva
patch and urine stains) and behavior when encountered (SWG 2016). Age class
assessment from the air can be accomplished reliably for adult males, pregnant
females, and members of family groups (Government of Nunavut, unpublished data;
SWG 2016). Based on these methods, polar bears were classified as male or female,
and as adult males (6+ years), adult females (5+ years), sub-adult males (2 to 5 years),
sub-adult females (2 to 4 years), yearlings (>1 and < 2 years), and cubs of the year (<1
year). Standardized body condition indices [i.e., poor (1), fair (2), good (3), excellent (4)
and obese (5)] were scored for each individual bear (Stirling et al. 2008) as was the
activity at the time of observation (i.e., either laying down, sitting, walking, running or
swimming). Each aircraft had at least one experienced biologist on board that could

identify age classes and body conditions of observed bears with confidence.

For each observation, habitat structure and topography were recorded as
covariates as well as cloud cover, visibility and ground speed. Habitat structure was
recorded as rocky (1), boulders (2), trees (3), high shrubs (4), grassland (5),
sand/mudflats (6), open water (7) and lichen tundra (8). Topography was broken down
into an index for slope measured as flat (1), moderate (2) or steep (3), and an index for
terrain measured as flat (1), rolling (2) and mountainous (3). By way of example a

moderate slope within a rolling terrain would receive a score of 2/2. Visibility of 100%
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was indexed as excellent (1), moderate or 75% to 100% (2), and poor or less than 25%
(3). All aircraft deployed the distance sampling methods and collection of covariate data

consistently across the study.

2.3 Analyses

2.3.1. Data screening and truncation

Data were initially screened for outlier observations that occurred at far distances
therefore creating a tail on the detection function that can be difficult to fit. A right
truncation distance that eliminated the upper 5% of observations was considered to
minimize the influence of these observations (Buckland et al. 1993, Stapleton et al.
2014). Unlike the previous survey (Stapleton et al. 2014) we left-truncated both the front
(pilot and data recorder) observations from the Bell helicopter rather than only left
truncating the rear observations. The rationale for this was that we wanted to keep the
data sets as similar as possible for the double observer analysis. There were 3
observations of 7 bears that were only observed in the rear observer blind spot by the
front observers in the Bell helicopter. Therefore, the degree of reduction due to left

truncation of the Bell helicopter data was not large.

The blind spot under each aircraft was estimated using geometric formulas. From
this, left truncation distances were estimated for the twin otter as 98.9m, 67.2m for the
EC135 helicopter, and 73.5 m for the Bell L-4 helicopter. Adjusted distance from the
transect line was then estimated as the distance from the transect line minus the left

truncation distance for each aircraft.
2.3.2. Co-variates

Covariates that affected bear sightability were considered that included environmental,
observer and survey factors (Table 1). These covariates included group size, aircraft
type, observer, and visibility. Visibility was reasonably good during the survey where
only 15 of 178 observations were recorded as non-optimal conditions. Therefore,
visibility was reduced to a binary covariate as was done in previous analyses (Stapleton
et al. 2014).
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A habitat (hab) category based on classification by observers was derived from
field observations. This classification included open, shore, shrub, tree, and water
habitat classes. A shrub habitat category was also initially considered, however, the
number of observations was low and the distribution of observations was disjoint.
Therefore, this category was pooled with shore category for observations that occurred

on the shore and tree for inland observations.

A remote sensing based covariate (RSveg) based on LANDSAT 8 vegetation
classification was also considered (Figure 5). The rationale behind this covariate was
that it would systematically index dominant vegetation types in the proximity of
observations therefore providing the best comparison of habitat and potential
obstruction of observations across all observations. Remote sensing covariates based
upon the habitat class of the pixel (625m?) where the observation occurred as well as
the dominant habitat class within a 90X90m and 150X150m area around the
observation were used. The main categories in Figure 5 that were present in the study

area were gravel, shrub, trees, low vegetation, and water.

A combination of remote sensing and observer-based habitat scores was also
considered (RSveg-hab) which re-classified the RSveg water category based upon
observer habitat scores. For this category RSveg that were classified as water were
reassigned to gravel (habitat class shore or habitat class water), low-vegetation (habitat

class open), shrub (habitat class shrub), and tree (habitat class tree).

All of the survey aircraft except the Bell LR4 (and 3 survey days in the EC135
with only 3 dedicated observers and one observer-recorder on the left hand side)
helicopter had 2 dedicated observers per side. The Bell LR4 had 2 dedicated surveyors
in the back seat of the helicopter and the pilot and data recorder/navigator as observers
in the front. The pilot and data-recorder did not have the same view as the observers,
and were distracted by piloting the helicopter and navigating/data recording. Therefore,
special covariates were formulated for the pilot and data recorder/observers in this

aircraft.
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We also noted that the angle of the sun in the afternoon affected our ability to
sight bears given that cloud cover was minimal during the survey. This occurred when
the sun was lower on the horizon and was directed towards the observers reflecting of
the many lakes and ponds characteristic of the survey area. To test for this effect we
calculated sun azimuth (e.g., the direction of the sun in the sky) and altitude relative to
the path of the survey aircraft. From this we were able to determine when the sun was
directed towards the observers (based on sun azimuth relative to flight path) and sun
altitude based on time of day. Using this information we constructed a sun covariate
which was only considered if the sun was facing the observers. If the sun was facing the
observers then sun altitude relative to the horizon was tested as a sightability covariate

with the expectation that sightability would be lower at lower sun angles.
2.3.3. Models and modeling approach

Mark-recapture distance sampling methods were applied to the survey data (Buckland
et al. 2004, Laake et al. 2008a, Laake et al. 2008b, Buckland et al. 2010, Laake et al.
2012). A mark-recapture/distance sampling model assuming point independence was
used which allows estimation of the detection probabilities at the transect line (or left
truncation distance) using independent double observer pair methods with distance
sampling methods used to model the decline in sighting probabilities as a function of

distance from the survey line.

A sequential process was used for model building. First, parsimonious distance
sampling models were formulated using a mark recapture model with constant detection
probabilities. Once the most supported distance model was determined, parsimonious
mark-recapture models were formulated using the most supported distance model as a
base model in the mark-recapture model analysis. As a final step, optimal distance and
mark-recapture models were combined and assessed for goodness of fit and overall
parsimony. Information theoretic methods (Burnham and Anderson 1992) were used to
assess relative model fit. More exactly, Akaike Information Criterion (AIC) were used as
an index of model parsimony with lower scores indicating a model that explained the
most variation in the data set with the least number of parameters. The difference

between the most supported model and given model was evaluated (AAIC) to indicate
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relative support with models at AAIC values of less than 2 being of interest. Akaike
weights were used to estimate proportional support of models. Models were averaged
based on AlCc weights using the AICcmodavg (Mazerolle 2016) package in program R
(R Development Core Team 2009). The AIC score indexes relative fit but does not
provide a test of overall goodness-of-fit. Goodness-of-fit tests incorporated in program

DISTANCE were used to further evaluate fit of the most supported models.

The 2016 data set was also analyzed using only distance sampling methods to
assess if estimates were significantly different when mark-recapture double observer

methods were used given that previous surveys did not use the mark-recapture method.

One of the primary objectives of the analysis was to compare the 2011 and 2016
distance survey estimates given that the field sampling designs for the 2 surveys were
nearly identical. To ensure that estimates were comparable, the 2011 data set was re-
analyzed with the remote sensing based RSveg habitat classes to assess whether
inclusion of this covariate would influence abundance estimates compared to the
structure covariate used in the 2011 analysis (Stapleton et al. 2014). A t-test was used
to compare estimates with degrees of freedom estimated using the formulas of
Gasaway et al. (1986).

Analyses were conducted using program DISTANCE 7.0 (Thomas et al. 2009)
for initial model input and fitting with additional analyses conducted in the mrds
v2.1.1.17 (Laake et al. 2012) R package version 3.3.3 (R Development Core Team
2009). Data were explored graphically using the ggplot2 R package v 2.2.1 (Wickham
2009) and QGIS program (QGIS Foundation 2015).

3. RESULTS

3.1. Sightings, Habitat, and Detection

The WH polar bear survey was flown between August 12 and 21, 2016. Survey strata
flown between Chesterfield Inlet and Churchill with the Twin Otter took 4 days to
complete. The remainder of the study area was completed utilizing 2 rotary wing aircraft
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in 5 days. During the survey we flew approximately 35 hrs with the Twin Otter and 80
hrs total with the two rotary wing aircraft for an estimated total distance of

approximately 17,100 km, including ferry time.

In total, 339 bears were observed during the survey (Table 2). Of these
observations, 17 were in the blind spot of the plane and 25 were beyond the right
truncation distance. The remaining 297 bears were in the survey strip, however, 280 of
these were seen by one or both of the dedicated observers and only 17 were observed

by non-dedicated observers including the data recorder/observers and pilot/observers.

Graphical illustration of the distribution of observations revealed differences for
our initially selected habitat types. More distant observations occurred within coastal as
well as more open habitats whereas reduced detections and detection distances were
observed for the water and tree habitat categories (Figure 6). The majority of
observations occurred at distances of less than 2700 meters from survey aircraft (Figure
7). The 95" percentile of this observation data was within 2250 meters of the aircraft
and therefore the data was right truncated to this distance value. Sensitivity analyses
were conducted at a later stage of the analysis to determine if estimates were sensitive

to both left and right truncation distances.

The distribution of LANDSAT remote sensing categories (RSveg covariate)
revealed a broad distribution for the gravel category with sparse distributions of low
vegetation (Figure 8). The tree category had most observations close to the survey line
suggesting lower sightability, while the shrub distribution suggests moderate
sightability. In contrast to the observation-based habitat water classification (Figure 6),
the LANDSAT classification of water in Figure 8 reflected habitat in and around water as
opposed to water alone as indicated by the presence of non-water habitat class
observations, such as shore, in the water RSveg class. As a result, the water category
had higher sightability with more observations further from the survey line than the
water observation-based habitat class. Most of the gravel category corresponded to
observations that occurred on the shore line with mixed distributions of habitat

categories for the other RSveg classes. The distribution of the low vegetation class was
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potentially problematic due to few observations close to the survey line. This issue,
which was most likely due to sparse data, was alleviated by pooling the shrub and low

vegetation classes (Figure 9). This new pooled covariate class was called RSveg?2.

Distributions of detections for aircraft type were relatively similar with relatively
similar ranges of distance for observations (Figure 10). The main difference was the
relative number of observations for each aircraft which created distributions that were

more disjoint when the number of observations was lower.

Twelve observers were used during the survey of which 2 also were data
recorders for at least part of the survey (Table 3). Naive detection probabilities were
estimated as the total number of times a bear was detected when an observer was
active divided by the total number of observation event/trials. This is a naive estimate
given that other factors such as distance from the aircraft of the bear is not considered
and therefore this probability will underestimate the detection probability on the survey
line for any observer. In addition, the actual probability of detection on any side of the
aircraft is based on 2 observers and will be higher than a single observer detection
probability. Regardless, the average naive detection probability for an observer was
0.77. Of most interest were detection probabilities below this amount. The Bell LR4
pilot and recorder both had lower detection probabilities and were therefore considered

in detail in subsequent analyses.

We observed 39 cubs of the year (COY), and 10 yearlings (YRLG), which
resulted in a mean COY and YRLG litter size of 1.63 (SD: 0.49; n = 24) and 1.25 (SD:
0.46; n = 8), respectively. COYS and YRLGs represented 11.5% and 2.9% of the entire
observed sample of 339 bears. Approximately 53% of all observations were adult males
(Table 4).

3.2. Distribution

A break-down of observed bears by strata, and across the study area is shown in Figure
11 and Table 2. The distribution of bears within the study area during August 2016 was
not uniform. The majority (93.5%) of observations occurred in the high and moderate

density strata. When the WH polar bear population study area was broken down into
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areas according to Lunn et al. (2016), Nunavut (their area A or our low density strata)
exhibited the lowest bear density whereas area C (i.e., the high density area) contained
50% of all observed bears (Table 4). Area D (or the area east of the high density area)
had the highest density of adult males. We only report the pooled mean + SD distance
from coast for areas C and D since these are the areas with the highest sample size. In
general, adult males were found near the coast (1.3 £ 1.8 km; range: 0.02 — 12.1 km),
whereas adult females were found an average of 25.5 + 23.4 km (range: 0.5 — 84.3 km)
from the coastal areas. For family groups, the mean distance from shore was 11.5 +
16.2 km (range: 0.1 — 54.2 km).

3.3. Distance/Mark-recapture analyses

3.3.1. Distance analysis

The distance component of the analysis used a constant mark-recapture model
probability which basically assumed that detection at the left truncation distance did not
vary (but was less than 1). Initial fitting revealed that both the hazard rate and half
normal models showed some support from the data with a tendency of the hazard rate
to be supported when covariates were not used (Table 5, model 13). Of covariates
considered, models with group size (size), habitat (hab), remote sensing veg (RSveg?2)
and visibility (vis) were more supported than constant models. Of all models considered,
a model with a hazard rate detection function with sightability varying by RSveg2 and
size was most supported. However, models with just RSveg2 as well as models with the
half normal detection function with habitat and visibility as covariates (model 3) also
showed some support as indicated by AAICc values of less than 2. Therefore, these
models were considered further in the joint distance/mark-recapture phase of the

analysis.

The most supported hazard rate (RSveg2+size) model was used for the mark-
recapture analysis phase. Estimated abundance varied between 770 and 966 for
models with abundance around 850 for the more supported models in the analysis
(Table 5).
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3.3.2. Mark-recapture analysis

The most supported distance model (HR (RSveg2+size) was then used as a baseline
distance model for the mark-recapture component of the analysis (Table 6). Of
covariates considered, group size, aircraft type, sun, and observers were more
supported than a constant model (model 12). Of the observer models, a model with
unique detection probabilities for the Bell LR4 pilot (Bellp) and data recorder/navigator
(Bellr) and equal probabilities for all other observers (model 4) was more supported than
a model with all observer detection probabilities being different (model 6). Overall, a
model with the Bell pilot, Bell recorder, sun, and group size was most supported (model
1). A model without group size included (model 2) also had marginal support as

indicated by AAICc values of less than 2.
3.3.3. Distance/mark-recapture analysis

The most supported covariates for distance sampling (Remote sensing vegetation
(RSveg?), observer-based habitat class (hab), visibility (vis), and group size (size)) and
mark-recapture (group size (size), Bell pilot (Bellp), Bell recorder (Bellr), and sun angel
(sun)) were considered in the joint distance/mark-recapture analysis. Of the models
considered, a model with the most supported stand-alone distance sampling covariates
(Table 7; RSveg2+size) and most supported mark-recapture covariates (Table 5; (Bellp
+Bellr+sun+size) was most supported (Table 7; model 1). Other models that did not
include group size for distance (model 2), used a half-normal detection function with
habitat visibility (model 3) as well as other combinations of covariates with a hazard rate
detection function (models 4-6) were supported as indicated by AAICc values of less
than 2. Estimates from the most supported models were close ranging from 774 to 896

with reasonable levels of precision for all models.
3.3.4. Goodness of fit

Goodness of fit for the most supported model (Table 7) revealed acceptable fit for the
distance component (x?=4.33,df=2, p=0.11) with 250meter bin intervals and the mark-

recapture component (x?=12.4,df=13, p=0.49) leading to an overall acceptable
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goodness of fit score of (x?=16.7,df=15, p=0.34). Kolmogorov-Smirnov tests (0.045,
p=0.91) and Cramer-Von-Mises tests (0.035, p=0.89) also suggested reasonable fit.

Predictions for various combinations of distance sampling and mark-recapture
covariates were plotted to explore the effect of covariates on detection probabilities as
well as assess fit to the main RSveg?2 classes (Figure 12). If model fit is adequate then
the general pattern of points should parallel the histogram bars. The size of each data
point was proportional to group size with larger groups having larger symbols. Larger
groups had higher detection probabilities than smaller groups which created the most
scatter in the observation points at different distance intervals. In addition, observations
that were most affected by sun altitude (as indicated by a sun altitude of less than 30
degrees) are denoted as red dots with yellow dots representing situations where the sun
was facing the observer but was higher in altitude (with less of an estimated effect on
detection probabilities). Finally, black dots indicate when the sun was behind the
observer therefore not affecting detection probabilities. A few patterns arise from Figure
12. First, the fit of the data to each RSveg?2 class is reasonable with the general pattern
of observations following the shape of the histograms. Most notably, the tree
observations decline steeply with distance with moderate declines in vegetation-shrub,
lesser declines in habitat areas in and around water, and minimal decline in the gravel
categories. Larger group sizes of bears show a less substantial decline compared to
smaller group sizes with some large groups having higher sighting probabilities at
further distances from the survey aircraft. However, observations that were affected by
the sun (denoted by red points) have lower detection probabilities than other

observations at similar distances and group sizes.

The other factor affecting sightability was reduced sightability near the line for the
Bell helicopter recorder and pilot. This basically reduced the y-intercept of the detection
probability to be lower than one; an effect that is most noticeable when group size is
smaller (Figure 13). A plot of pooled detection probabilities superimposed on the
detection frequencies also suggests reasonable fit (Figure 14). The points on Figure 14
are for each observation whose probability will vary by covariates such as habitat,

visibility, group size, and observer as described in Figures 12 and 13.
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Average front observer detection probabilities for the front and rear observer was
0.63 and 0.76 which resulted in a combined double observer detection probability of
0.90 at the survey line (Figure 15). Plots of detections by front (observer=1) and rear
observer (observer=2) reveal similar detection function shapes for situations when a
bear was only detected by a single observer as well as both observers (duplicate
detections) (Figure15). The conditional detection probabilities were similar with
distance for observer 1 given detection by observer 2 but slightly higher for observer 2
when detected by observer 1 at further distances. This could be due to cueing or more

time for the rear observer to spot animals at further distances.
3.3.5. Abundance estimates

A model averaged estimate of abundance that considered all of the candidate models in
the analyses (Tables 5-7) was 842 bears (SE=142.6, CV=16.9%, CI-562-1121) during
August 2016. This estimate was very close to the most supported model estimate of
831 (Table 7). The corresponding model averaged estimate of density is 9.9 bears per
1000 km? (SE=1.67, Cl=6.62 -13.18).

Abundance estimates are given by strata for the most supported model (model 1)
in Table 7. One issue we encountered was that only one observation of 8 bears
occurred in the very low strata leading to very imprecise estimates. The low and very
low could be pooled into a single strata to confront this issue. However, the actual

estimates will not be affected greatly (Table 8).
3.3.6. Sensitivity of estimates to truncation

The most supported model (model 1, Table 7) was rerun at various right truncation
distances to determine the overall sensitivity of estimates to deletion of observations
that occurred far from the transect line. Decreasing the right truncation distance to 1800
meters which is closer to the data limit by the previous survey (Stapleton et al. 2014)
decreased the estimate slightly to 826 bears whereas increasing the right truncation
distance to 2700 m include further observations (Figure 7) decreased the estimate by 6

bears. Overall, the effect of truncation was minimal on estimates (Table 9).
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3.3.7. Analysis of the 2016 data set using only distance sampling methods

The data were also run through the most supported distance model (HR(RSveg2+size)
to assess estimates if data observed by non-dedicated observers was included but with
sightability assumed to be 1 on the survey line. For this analysis the 17 bears that were
not observed by the 2 dedicated observers were included in the analysis given that they
were observed from the aircraft by data recorders or pilots . Of the 17 bears not seen
by the dedicated observers, 7 were observed by the front left data recorder at 696
meters on the EC135, 7 were observed on the twin otter by the front right data recorder,
and 3 were observed by the front left pilot on the twin otter. All of these bears were

within the survey strip.

The HR (RSveg2+size) displayed adequate fit to the data (x2=7.71,df=6,
p=0.26). Kolmogorov-Smirnov tests (0.041, p=0.95) and Cramer-Von-Mises tests
(0.032, p=0.97) also suggested reasonable fit. The resulting abundance estimate was
843 bears (SE=104.2, CV=16.8%, CI=607-1170) which is very close to the mark-

recapture/distance sampling estimate of 831 (Table 8).

3.3.8.  Additional analyses

We conducted additional analyses with the main objective of comparing abundance
estimates from the 2011 and 2016 surveys to allow a robust estimate of trend. The
rationale behind these analyses was to ensure similar modelling and analysis methods

were used in each survey year therefore allowing direct comparison of the estimates.

3.3.8.1. Re-analysis of 2011 data set using LANDSAT covariates

We re-analyzed the 2011 data set using the remote sensing (LANDSAT) based habitat
classification scheme to determine if this covariate was also supported as a detection
function covariate for the 2011 data set, and to assess any change in estimates with this
covariate. A full suite of models were considered including those from the original
analysis (Stapleton et al 2014). A model with the LANDSAT covariate (along with
visibility and habitat structure) with a hazard rate detection function was most
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supported. The model averaged estimate of abundance from this analysis was 949
bears, (SE=168.9, ClI=618-1280, CV=17.7%). This analysis is detailed in Supplemental
Material 1.

3.3.8.2. Trend analysis based on distance sampling and coastal surveys

The 2011 estimate of 949 derived from the LANDSAT covariate analysis was used to
estimate trend between the two surveys with the rationale that the most comparable
estimates would be obtained by models that used the same covariates for sightability
and employed similar survey methodologies. We note that another estimate of
abundance of 1030 that combined coastal surveys and inland samples was produced
for the 2011 data set (Stapleton et al 2014). Coastal surveys were not conducted in
unison with distance sampling in 2016 and therefore this type of estimate could not be
derived for 2016. Therefore, the most comparable estimates in terms of assessing
trends are the distance sampling only estimates from the two years which used similar

methodologies and detection function covariates.

A comparison of model averaged abundance estimates from 2011 using the
LANDSAT covariate of 949 bears (SE=168.9, CI=618-1280, CV=17.7%) and the 2016
estimate of 842 bears bears (SE=142.6, CV=16.9%, CI-562-1121) using t-tests
suggested the difference between the 2 estimates was not significant (t=0.48,
df=452,p=0.63). The ratio of the 2 estimates resulted in a 5-year change of 0.89 which
translates to an annual change (A) of 0.98 (0.89-1.07). The A estimate in this case
suggests a very slight annual decline in abundance, however, the confidence intervals

overlap 1 and therefore this decrease is not significant.

We also performed a trend analysis that used coastal survey data collected by
the government of Manitoba and compared trend estimates from these surveys to trend
based on the ratio of the distance sampling estimates. Estimates of trend based on
coastal surveys from 2011 to 2016 suggested a non-significant annual increase (A=1.06,

Cl1=0.98-1.14) in abundance based on coastal surveys.
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One relevant question was whether changes in abundance were apparent in
adult male and adult female bears. To explore this we conducted a post-stratified
analysis with age-sex groups defined by adult males and adult females (lone and with
offspring). Subadults and unknown bears, for which classification is less certain, were
excluded from this analysis. The 2011 and 2016 distance sampling estimates were
post-stratified to produce estimates for each age-sex group. In addition, trend analyses

were conducted for coastal surveys based on these 2 groups.

Results from both the distance sampling and coastal survey analyses suggest a
stable to declining adult female segment of the population and an increasing adult male
segment. While trends are apparent in both data sets, neither are statistically
significant. These results suggest that any apparent increase in abundance may be
more based upon increase in adult males compared to adult females. The details of this

analysis are described in Supplementary Material 2.

4. DISCUSSION

4.1. Distribution

As with the previous 2011 aerial survey (Stapleton et al. 2014), the 2016 data provide a
comprehensive and detailed overview of summer polar bear distribution across the
entire study area. The recent data suggest that, at least during the summer, the majority
of WH polar bears reside in Manitoba; only about 5.3% of the sightings occurred in
Nunavut. These findings are consistent with previous studies (Stapleton et al. 2014,
Peacock and Taylor 2007) but are in contrast to local knowledge where communities
along the Nunavut coastline report increasing numbers of polar bears (Tyrell 2006,
2009; Kotierk 2012). Kotierk (2012) suggested that Inuit see more bears in coastal
areas than they ever have and that this creates a number of public safety concerns.
However, that report is not specific about the time of year. It is generally understood that
more bears frequent the Nunavut coastline during fall before freeze-up when compared
to summer, but more empirical or traditional data should be collected to verify the

timing.
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With the exception of the high density strata, bears generally occupied a narrow
strip along the coastline (Figure 11), rarely farther inland than 20 km. Most adult males
were observed < 10 km from the coastline. Polar bears are sexually dimorphic with
males being about twice as large as females (Derocher et al. 2005, 2010). Being near
the coastline likely offers opportunities to reduce thermal stress, and may also be
beneficial in reducing attacks by biting insects due to the cooler temperature and ability
to enter the water. In the high density stratum (or area C in Lunn et al. 2016) bears were
distributed throughout the general area with distances ranging up to > 80 km from the
coastline for solitary adult females. Sexual segregation became most apparent in this
stratum, which has been reported in previous studies (Derocher and Stirling 1990;
Jonkel et al. 1972; Stirling et al. 1977).

4.2. Abundance

As in 2011, the 2016 WH polar bear study represents a systematic and geographically
comprehensive survey of the WH polar bear population (Stapleton et al. 2014). Thus,
we provide an updated abundance estimate for the WH polar bear population as well as
a comparison between the two aerial study results. Additionally the current study’s
methods parallel those of Obbard et al. (2015) who also used a distance mark-recapture
sampling method to estimate polar bears in southern Hudson Bay.

Stapleton et al. (2014) produced two population estimates. An estimate of 1030
bears was derived that combined coastal surveys and inland transect observations for
the 2011 data set (Stapleton et al 2014). In 2016, because two helicopters were utilized
to conduct a systematic transect survey to cover the entire study area, a separate
coastal strip survey was not required. Therefore, we used estimates that were the most
comparable between 2011 and 2016 to assess trend. In general it is challenging to
detect declines in abundance between two surveys unless the change is quite large
(Gerrodette 1987, Thompson et al. 1998). In addition, comparison of two survey
estimates does not allow separation of sampling variance from natural “process”
variance in the population (Buckland et al 2004). For this reason we also considered
annual coastal survey trend estimates (conducted by Manitoba) as well as an estimation

of age-sex group specific trends to allow further inference on overall population trend
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and demography. Coastal surveys assume that similar proportions of the population
occur on the coast during the survey each year. This assumption needs to be
vigorously investigated prior to validation of this key assumption. For example,
documented long range movements of male bears suggest that their aggregation points
and localized movement rates may not be consistent and less predictable. A
comparison of counts of adult males in coastal surveys suggest a larger degree of
annual variation compared to females with offspring (as detailed in Supplementary
Material). Despite these differences, the coastal surveys and distance sampling
surveys suggest similar trends with the adult male segment increasing and adult

females (with offspring) stable to decreasing from 2011- 2016.

Very few bears were observed in Nunavut, and a substantial proportion of bears,
mostly adult males, were encountered in the south-east section of the study area
towards the Manitoba-Ontario border. Cubs and yearlings comprised a small proportion
of the sample size, which was also observed during previous studies. This suggests
that reproductive performance is low for this subpopulation but this was not a specific
objective of this study (Table 10). These findings are consistent with previous mark-
recapture studies (Regehr et al. 2007). Of three polar bear subpopulations that inhabit
the Hudson Bay complex, WH had the lowest reproductive performance values (Table
10). Whether this phenomenon is linked to a reduction in sea ice (e.g., Stirling et al.
1999), high intra-species offspring predation due to a high proportion of adult males in
the population (Table 4), or a combination would require further examination. Until
recently, the neighboring southern Hudson Bay (SH) polar bear subpopulation has
exhibited a relatively healthy reproductive performance despite observed long-term
changes in sea-ice conditions in the area (Gagnon and Gough 2005, Etkin 1991,
Hochheim and Barber 2014, Stern and Laidre 2016, Obbard et al. 2016).

Southern Hudson Bay polar bears have been experiencing a significant decline
in body condition between 1984 and 2009 that was linked to a later sea ice freeze-up
(Obbard et al. 2016). The decline in body condition for cubs, however, was less than for
adult males, suggesting that adult females may be allocating a greater amount of

energy to their dependent offspring at an energetic cost to themselves. Obbard et al.
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(2016) argue that declines in reproductive success are likely in the future if body

condition of reproductive-age females continues to decrease.

Aerial surveys (e.g., distance sampling methods) rely on techniques that
minimize heterogeneity of sighting conditions with one of the assumptions that similar
sighting probabilities exist by a given observer for all encountered animals or animal
groups. Sightability may also be affected by internal factors (e.g., observer fatigue,
observer skill, and/or aircraft type), external factors such as animal behavior, group size,
and distance from observer, and environmental factors (e.g., cloud cover, topography,
vegetation cover, sun angle, etc.) (Ransom 2012, Fleming and Tracey 2008, Lubow and
Ransom 2016). The 2016 WH survey protocol and analyses included several
topographical and vegetation indices, and land classification studies (including post-
survey inclusion of LANDSAT imagery), sun angle and position, and observer position
and function as covariates which were most supported through our modeling approach
(Tables 1, 3, 5-7).

It has been assumed that there was little difference between a dedicated and
non-dedicated observer’s ability to observe and detect wildlife during an aerial survey,
meaning that sightability is equal. We were able to demonstrate for this survey that the
ability of the pilot and data recorder for all aircraft to detect animals appeared to be
influenced by their primary responsibilities (e.g. flying the aircraft and observing weather
conditions and aircraft equipment, and recording observation data and monitoring
transects and survey equipment, respectively). Even when animals are conspicuous
against their background and environment (e.g., polar bears during the summer against
a white/green environment), we recommend individually assessing the detection ability
of animals by all dedicated and non-dedicated observers, so that the option to include
observer performance as a co-variate into final models remains open and some

assurances that model assumptions are not being violated.

We included sun angle and position into our modeling approach because
observers found that this factor reduced sightability. When facing the sun during aerial

surveys, additional glare is created on lighter-coloured background (e.g., lichen, water
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body surfaces) that makes the detection of animals more difficult, which can

subsequently lead to missed observations, even within a double observer pair platform.

4.3. Assumptions and potential biases

One assumption during aerial surveys is that animals are detected at their initial location
(Buckland et al. 2001). During the 2016 WH survey, behavioral response to survey
aircraft varied depending on age and sex class and distance from aircraft. Adult males
appeared to be the least affected by aircraft, while other age and sex classes appeared
to react more strongly to aircraft when groups were approached that were close to
transect lines or being overflown by survey aircraft to record detailed group and animal
observational data. The majority (approximately 88%) of bears when first observed
from survey transects were either laying down, sitting, standing, or swimming. Given an
aircraft speed of 130 to 148 km per hour, any movement that may have occurred prior
to detecting the bears further away from transects was minimal (Buckland et al. 1993,
2001). Bears did, however, display greater avoidance behaviors when aircraft broke off
transect and flew to the observed group for age and sex determination. In many cases
and depending on proximal habitat, bears fled into water in order to avoid the aircraft
while some moved into thick shrub to hide from the oncoming aircraft. Large mature
males appeared to be the least disrupted upon initial approach of the aircraft, with some
exceptions.

The analysis also assumed that the distance from the survey line was measured
accurately and that detections were independent of each other. Each observation was
marked at the exact point at which the group was observed from transect even in the
instance where bears had moved off that location assuring accurate off transect
measurements. We used groups to define observations and ensured that observers did
not search for additional bears while flying to observed groups to waypoint and classify
the animals, therefore ensuring independence of observations. Additionally, observers
on the same side were at all times visually separated by a screen therefore ensuring

that detections were independent between observers.
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It is possible that some bears were missed during the survey because they were
unavailable for observations when in a den or visually obscured by vegetation. Dens are
used quite frequently during the ice-free period by WH polar bears, at times as early as
mid-to-late August, where pregnant adult females are more likely to be missed if inside
a den (Stirling et al. 1977, Clark et al. 1997, Clark and Stirling 1998, Richardson et al.
2005, Jonkel et al. 1972). We encountered several freshly constructed dens excavated
into peat. In several instances the bear was standing near the den entrance and could
be observed. Moreover, our methods allowed for aerial inspection of any den to check
for bear presence. Most freshly excavated dens that were observed during the 2016
survey effort also observed a polar bear and/or polar bear group in the vicinity.

Therefore, the number of bears hidden from sight inside dens was low.

Habitats within the 2016 survey study area are diverse ranging from both coastal
and fresh water shoreline, open tundra, to densely vegetated areas of shrubs and trees
farther inland, where the detection of bears becomes challenging (Appendix 3).
Including vegetation as a covariate into our modeling approach was important to
capture the variation of detection among these varying habitats (Figure 9). Detection
distances were reduced in treed habitat when compared to the other habitat types.

The point independence mark-recapture distance sampling model that we used in
our analysis assumes that sightability at the left truncation distance (closest distance to
the plane) is in part accounted for by covariates. However, variation in sightability due
to vegetation and other factors away from the survey line can occur with minimal effect
on estimates (Laake et al. 2008, Burt et al. 2014). Similar to Obbard et al. (2015) we
found that sightability at the left truncation distance was not exact (or 1). Through the
use of covariates in our analysis, factors influencing sightability both on the survey line
as well as the shape of the detection functions were utilized to account for these

potential biases to produce more robust abundance and density estimates.
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5. CONCLUSION

The WH polar bear population has been subjected to changes in sea ice conditions
reported in other studies resulting in reductions of body condition and vital rates
(Gagnon and Gough 2005, Scott and Marshall 2010, Regehr et al. 2007, Stirling et al.
1999, Lunn et al. 2016). Under such conditions, and in order to provide goal-oriented
conservation and management recommendations, up-dated information is needed in
regular monitoring intervals. Traditional capture-mark-recapture studies are logistically
challenging, locally unpopular, and they are time-consuming until results are
disseminated. Comprehensive aerial surveys have become a useful monitoring tool for
this subpopulation especially in response to the apprehension by Inuit toward intrusive
physical handling of wildlife. As with any research methods, aerial surveys have their
own limitations in terms of the scientific information that they can provide. Nevertheless,
they have been proven to be an additional tool that can provide quick and updated
information on the abundance, trend, distribution, and insights into reproductive success

of a population.
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Figure 1. The August 2016 western Hudson Bay (WH) polar bear abundance survey strata and

transects. All transects were run perpendicular to known polar bear densities. Extension of transects

outside of the delineated WH polar bear population boundaries were based on Inuit knowledge of the
area.
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Figure 2. Observer position for the double observer method employed on this survey. The
secondary observer calls polar bears not seen by the primary observer after the polar bear/bears have
passed the main field of vision of the primary observer at a point half way between same side primary
and secondary observers. The small hand on a clock is used to reference relative locations of polar
bear groups (e.g. “Polar bear group at 3 o’clock” would suggest a polar bear group 900 to the right of

the aircrafts longitudinal axis.).
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Figure 3. Application of the distance sampling method during the August 2016 polar bear aerial
survey in western Hudson Bay. Once observed the aircraft would move off the transect to the center
of the observation to record location via a GPS, and assess and record field age, sex, and body
condition for all individuals within the group as well as environmental covariate information (Note: D
= the distance as measured 900 from the transect to the center of the observation/group).

54 |Page



Western Hudson Bay Aerial Survey 2016

I
I ™~
i —
[ e yev
i b T
i } Wing strut
| ek 1N b
! . |
| | h
1 I

|

1
| I
! |
| 2

A w "8
w=W*hH
Where:
W = the required strip width;
h = the height of the observer’s eye from the tarmac; and
H = the required flying height
Figure 4. Schematic diagram of aircraft configuration for strip width sampling (Norton-Griffiths,

1978). W is marked out on the tarmac, and the two lines of sight a’ —a — A and b’ — b — B established.
The streamers are attached to the struts at a and b, whereas a’ and b’ are the window marks.
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the 2016 study area.

56| Page



Western Hudson Bay Aerial Survey 2016

Open Shore
6 -
151
4-
101
2- 5
»
c
i)
g
[0} 0- 01 |
n
.8
- Tree Water
o 10.0 ! 201 !
(] ) 1 ) 1
'g 1 1
5 I I
pd 1 1
1 1.51 1
1 1
1 1
1 1
1 i 1
| 1.0 |
| |
1 1
1 1
1 0.51 1
1 1
| |
1 1
1 i 1
T T T 1 T 0-0 T T T 1 T
0 1000 2000 3000 0 1000 2000 3000

Adjusted distance from transect line

Figure 6. Distributions of detections for habitat classes.

57| Page



Western Hudson Bay Aerial Survey 2016

30~ ;
@ E
c ,
2 20- :
© '
2 ;
(0] '
0 :
Qo '
° :
IS |
@ :
Ko} '
E i
=z 10 E

0- : [
0 1000 2000 3000
Adjusted distance from transect line
Figure 7. The distribution of observations relative to adjusted distance from the survey line

(Distance from transect line-blind spot distance for each aircraft). The right truncation distance of
2250 meters used in the analysis is shown as a vertical line.
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Figure 8. Distributions of detections for Landsat remote sensing-based covariates with

observer-based habitat classes shown as sub-bars to allow comparison of the 2 methods of habitat
classification.
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Figure 9. Remote sensing vegetation classes with the shrub and low vegetation category

pooled. This covariate was termed RSveg?2.
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Figure 13. Comparison of the observed detection distributions with predicted detection

probabilities as a function of RSveg2 class, group size (Bears), and observer type from model 1 (Table
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duplicate observations (where both observers saw a bear. Conditional probabilities are also given for
detection of bear by observer 1 given detection by observer 2 and vice versa. All estimates are from
model 1 in Table 6.
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Table 1. Covariates considered in the mark-recapture/distance sampling analysis. The primary use of
the covariate for distance sampling analysis (DS) and mark-recapture analysis (MR) is denoted.

Covariate Type DS MR  description

size continuous X X group size

aircraft categorical X X aircraft (Twin Otter, Bell, or EC135)

heli binary X X helicopter or airplane

Bell binary X X Bell helicopter

Bellp binary X X Pilot of Bell helicopter

Bellr binary X X Recorder/Navigator of Bell helicopter.

hab categorical X X habitat within 30m of observation as classified
by observers (Open, Water, Shore, and Tree)

RSveg categorical X X Landsat habitat (Gravel,Low vegetation, Shrub,
Tree, and water) at pixel (625 m?) scale

RSveg2 categorical X X RSveg habitat category with the Low vegetation
and shrub category pooled.

RSveg90 categorical X RSveg at 90X90m scale

RSvegl50 categorical RSveg at 150X150m scale

RSveg-hab categorical X RSveg water class re-assigned based on habitat
classes.

vis binary X ideal (163) or marginal (15 observations)

obs categorical Observers (12)

Sun continuous X Sun altitude; only in equation if sun was facing
observer

pilot binary if observer was a pilot

rec binary X if observer was a data recorder
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Table 2. Summary of observations by strata. Mean group sizes and numbers of bears by
distance category are shown. LT (Blind spot) observations occurred under the planes and were usually
only seen by the pilot and front seat navigator. Bears in the survey strip were observed by at least one
of the 2 observers, or only seen by data recorders or non-observer personnel.

Strata Group size Numbers of bears by distance category

n mean std min  max LT (Blind Observed Not RT Total

spot) observed >2250m

High 98 1.72 1.17 1 7 5 150 7 7 169
Low 8 2.25 2.12 1 7 1 6 4 7 18
Moderate 69 2.14 1.98 1 11 8 123 6 11 148
Very Low 3 1.33 0.58 1 2 3 1 0 0 4
Totals 178 17 280 17 25 339
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Table 3. Summary of observer data during the Hudson Bay polar bear survey. The naive
probability is the number of detections divided by the total trials. The Bell pilot had the lowest
probability.

Individual Role Bear observations Naive
probability

Not detected Total

detected trials
1 observer 2 22 24 0.92
2 observer 3 28 31 0.90
3 Bell recorder 11 20 31 0.65
4 observer 6 16 22 0.73
5 observer 4 10 14 0.71
6 observer 1 6 7 0.86
7 observer 5 15 20 0.75
8 observer 12 35 47 0.74
9 Recorder 1 14 15 0.93
10 observer 3 37 40 0.93
11 Bell pilot 22 13 35 0.37
12 observer 4 34 38 0.89
74 250 324 0.77
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Table 4.

Overview of observed polar bears during the western Hudson Bay aerial survey,
August 2016, by field age class and spatial occurrence. Areas A-D are defined as in Lunn et al. (2016).

Age Class$' Area
Total
MB EAST (bears
NU(A) MB (B) MB/WNP (C) (D) or km) PPN
ADF+1COY 0 2 7 0 18 0.053
ADF+2COY 2 2 7 4 45 0.132
ADF+1YRLG 0 1 4 1 12 0.035
ADF+2YRLG 0 0 2 0 6 0.018
ADF+1 2-yr
old 0 0 1 0 2 0.006
ADF 0 1 27 5 33 0.097
ADM 11 23 63 84 181 0.532
SAM 0 0 21 4 25 0.074
SAF 0 0 2 0 2
U 1 5 9 1 16 0.047
Flown
distance
(km) 4 900 1 870 6 200 4 300 17 270
Transect
flights (km) 3511 1053 2 881 2237 9682
TOTAL
bears
observed 18 41 173 108 340
PPN 0.053 0.121 0.509 0.318

§ ADF=adult female; COY=cub-of-the-year; ADM=adult male; SAM=subadult male;
SAF=subadult female; U=unknown; YRLG=yearling; 2-yr=2-year old.
1 all classifications are based on aerial assessments from helicopters
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Table 5. Model selection results for distance sampling analysis. The mark-recapture component of
the MRDS model was set at constant for this analysis step. Covariates are listed in Table 1. Estimated
abundance is given for reference purposes. Constant models are shaded. Akaike information
criterion (AIC), the differences between AIC of the given model and most supported model AAIC,
Akaike weight (wi), and Log-likelihood of each model is also shown.

No DF Distance AIC AAIC Wi K LoglL N Conf. int cv
1 HR Rsveg2 +size 26116 0.00 0.22 7 -1298.8 836 602 1160 16.7%
2 HR Rsveg2 26123 0.78 0.15 6 -1300.2 908 644 1279 17.5%
3 HN hab+vis 26129 1.31 0.12 6 -1300.4 816 625 1067 13.6%
4 HR RSveg2+size+vis 2613.2  1.67 0.10 8 -1298.6 833 603 1152 16.5%
5 HN hab+vis+size 2613.5 2.00 0.08 7 -1299.8 779 588 1033 14.4%
6 HR RSveg-hab 2613.7 2.4 0.08 6 -1300.8 900 643 1262 17.2%
7 HR Rsveg2+vis 2613.7 2.19 0.07 7 -1299.9 898 641 1258 17.2%
8 HN hab 2613.8 2.26 0.07 5 -1301.9 813 622 1065 13.7%
9 HN hab+size 2614.0 2.46 0.06 6 -1301.0 770 581 1019 14.3%

10 HR hab+vis 2617.0 5.48 0.01 7 -1301.5 862 633 1173 15.7%

11 HR size 26174  5.82 0.01 4 -1304.7 773 578 1035 14.9%

12 HN vis 2619.2 7.68 0.00 3 -1306.6 800 615 1040 13.4%

13 HR Constant 26199 8.33 0.00 3 -1306.9 931 658 1316 17.7%

14 HR RSveg90m 26199 8.33 0.00 7 -1302.9 966 675 1381 18.3%

15 HR RSvegl150m 2620.0 842 0.00 7 -1303.0 955 670 1362 18.2%

16 HR bellheli 2620.5 891 0.00 4 -1306.2 904 644 1269 17.3%

17 HN Constant 26206  9.05 0.00 2 -1308.3 799 614 1040 13.4%

18 HR bellpilot+bellrec  2621.4  9.80 0.00 5 -1305.7 922 652 1302 17.7%

19 HR Sun 2621.6 10.04 0.00 4 -1306.8 939 661 1333 18.0%

20 HR vis 2621.7 10.17 0.00 4 -1306.9 917 652 1290 17.5%

21 HR aircraft 2622.1 10.59 0.00 5 -1306.1 944 661 1348 18.2%
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Table 6. Model selection results for mark-recapture analyses. The most supported distance model
(HR(RSveg2+size)) was used in all the models in this analysis.

Covariates are listed in Table 1.
Estimated abundance is given for reference purposes. . Akaike information criterion (AIC), the
differences between AIC of the given model and most supported model AAIC, Akaike weight (wi), and
Log-likelihood of each model is also shown.

No Mark-recapture AlC AAIC Wi K LoglL N Conf. Limit N CV
model
1 Bellp+Bellr+sun+size 25755 0.00 0.65 11 -1278.1 896 638 1258 17.4%
2 Bellp+Bellr+sun 25770 148 031 10 -1279.9 911 647 1282 17.5%
3 Bellp+Bellr+size 2582.2 6.70 0.02 10 -1282.5 884 630 1240 17.3%
4 Bellp+Bellr 25840 852 0.01 9 -1284.4 897 638 1260 17.4%
5 aircraft+Bellp+Bellr 2585.1 9.61 0.01 11 -1282.9 893 634 1256 17.5%
6 observers 25919 16.47 0.00 18 -1279.4 891 633 1255 17.5%
7 sun 2605.1 29.64 0.00 8 -1295.9 922 654 1301 17.6%
8 aircraft 2605.6 30.08 0.00 9 -1295.2 926 658 1304 17.5%
9  heli 26079 3237 0.00 8 -1297.3 914 648 1288 17.5%
10 size 2611.2 35.75 0.00 8 -1299.0 896 637 1259 17.4%
11 constant 2611.6 36.08 0.00 7 -1300.2 908 644 1279 17.5%
12 vis 2612.2 36.72 0.00 8 -1299.5 908 645 1279 17.5%
13 pilot 2612.2 36.73 0.00 8 -1299.5 908 645 1279 17.5%
14 hab 2613.2 37.71 0.00 10 -1298.0 921 652 1300 17.7%
15 recorder 26135 38.06 0.00 8 -1300.2 908 644 1279 17.5%
16 distance 26135 38.06 0.00 8 -1300.2 908 644 1279 17.5%
17 Rsveg 2617.0 4155 0.00 11 -1298.9 915 648 1292 17.7%
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Table 7. Model selection results for the combined distance and mark-recapture analysis. The most

supported distance model and mark-recapture models given in Tables 4 and 5 were considered in this

analysis. Covariates are listed in Table 1. Estimated abundance is given for reference purposes. Akaike
information criterion (AIC), the differences between AIC of the given model and most supported
model AAIC, Akaike weight (wi), and Log-likelihood of each model is also shown.

No DF Distance MR AIC AAIC  wi K  LoglL N Conf. Limit NCV
1 HR Rsveg2+size Bellp+Bellr+sun+size 2575.5 0.00 0.22 11 -1276.7 831 599 1151 16.7%
2 HR Rsveg2 Bellp+Bellr+sun+size 2576.3 0.78 0.15 10 -1278.1 896 638 1258 17.4%
3 HN Hab+vis Bellp+Bellr+sun+size 2576.8 1.30 0.11 10 -1278.4 808 619 1056 13.6%
4 HR Rsveg2+size Bellp+Bellr+sun 2577.0 1.48 0.10 10 -1278.5 840 605 1165 16.7%
5 HR Rsveg2+size+vis Bellp+Bellr+sun+size 2577.1 1.67 0.10 12 -1276.6 828 600 1143 16.5%
6 HN Hab+vis+size Bellp+Bellr+sun+size 2577.5 2.00 0.08 11 -1277.7 774 585 1024 14.3%
7 HR Rsveg2+vis Bellp+Bellr+sun+size 2577.7 2.19 0.07 11 -1277.8 887 635 1238 17.1%
8 HR RSveg? Bellp+Bellr+sun 2577.7 2.26 0.07 9 -1279.9 911 647 1282 17.5%
9 HN Hab+vis Bellp+Bellr+sun 25783 2.78 0.05 9 -1280.1 823 627 1079 13.8%

10 HN Hab+vis+size Bellp+Bellr+sun 25789 3.47 0.04 10 -1279.5 785 590 1045 14.6%
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Table 8. Strata-specific and total estimates of abundance for model 1 (Table 6).

Strata Individuals N SE cv Conf. Limit
High 150 471 103.0 21.9% 307 723
Low 6 27 13.8 50.8% 10 71
Moderate 123 323 63.4 19.6% 220 475
Very Low 1 9 9.7 102.2% 2 54
Total 280 831 138.5 16.7% 599 1151

Table 9. Sensitivity of MRDS models to left and right truncation. The most supported MRDS model
from Table 6 was used for estimates.

Right Truncation N Ccv Conf. Limit
2250 831 16.7% 599 1,151
2700 825 16.4% 599 1,136
1800 826 17.9% 581 1,173
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Table 10. Mean (standard error) polar bear cub-of-the-year (COY) and yearling (YRLG) litter sizes
of populations that inhabit the Hudson Bay complex, also presented as proportion of total
observations during the respective studies.

Proportion of

Litter size total observations
Subpopulation Source
coy YRLG COY  YRLG

\(’;’gfgm HudsonBay  4530.10)  1.25(0.16) 0.11 0.03  GN (unpublished data)
\(’;’gﬂ"sm HudsonBay 4 430.08) 1.22(0.10) 0.07 0.03 Stapleton et al. (2014)
Southern Hudson Bay 1.56 (0.06) 1.49 (0.08) 0.16 0.12 Obbard et al. 2015
(2011)

Foxe Basin (2000.2010) 154 (0:04) 148 (0.05) 0.13 0.10 Stapleton et al. (2015)
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Appendix 1

Figure A1:  Overview of the EC135 rotary wing seat/observer configuration with
separation wall set-up. Left photograph (A) depicts position a and b in the
schematic diagram (right panel, B; ¢ not shown in photograph A, X
denotes pilot).
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Appendix 2

Figure A2. Depicted are the front observers (local members of the Rankin Inlet and
Arviat Hunters and Trappers Association) in a Twin Otter fixed-wing survey
platform, separated by a cardboard barrier from the rear observers. Not
shown are the recorders.
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Appendix 3

Figure A3.1. Extended tidal flats in the western Hudson Bay study area. Red circle
indicates 2 polar bears near boulders observed during the August 2016
aerial survey.
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Figure A3.2 Boreal forest several kilometers inland interspersed with ponds and lakes.
Red circle indicates a swimming polar bear seen during the August 2016
aerial survey.
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Figure A3.3 View of the coastal plains interspersed with lichen/peat tundra and
pond/lakes. Red circle indicates a polar bear seen resting next to a pond
during the August 2016 aerial survey.
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Figure A3.4 Polar bear (red circle) seen near the shore in the water at high tide during
the August 2016 aerial survey in western Hudson Bay.
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Appendix 4
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Figure A4.1.  Canadian and Nunavut (dark grey) polar bear subpopulations [BB = Baffin Bay;

DS = Davis Strait; SH = Southern Hudson Bay; WH = Western Hudson Bay; FB
= Foxe Basin; GB = Gulf of Boothia; MC = M’Clintock Channel; LS = Lancaster

Sound; KB = Kane Basin; NW = Norwegian Bay; VM = Viscount Melville Sound;
NB = Northern Beaufort Sea; SB = Southern Beaufort Sea.
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SUPPLEMENTARY MATERIAL 1 TO THE WESTERN HUDSON BAY POLAR BEAR
AERIAL SURVEY REPORT

Analysis of the 2011 data set using the LANDSAT habitat covariate

Comparison of the distribution of detections from 2011 and 2016 revealed a larger
range of detections at further distances in 2016 compared to 2011. One potential
reason for this was likely the lower visibility in 2011 as indicated by 68% (n=100 of 147
observations) of observations with a visibility rating of 1 indicating “fair” visibility. In
contrast, only 8.4% (15 of 178) observations had a fair visibility rating in 2016 (Figure
SM1.1). We right truncated the 2011 distance at 1800 meters as was done in previous

analyses (Stapleton et al. 2014).

The distribution of RSveg remote sensing habitat classes was well distributed for
all 5 habitat classes with more observations closer to the transect line for all categories.
For this reason the full RSveg habitat class was considered in addition to the RSveg2
class (which pooled shrub and low vegetation), used in the 2016 analysis, which pooled
the shrub and low vegetation class (Figure SM1.2). The 2011 survey used a “structure”
covariate to describe sightability rather than habitat classes with 0 indicating no
obstruction and 1 indicating obstruction by vegetation. There was a slight pattern where
most of the obstructed observations occurred in the low vegetation and shrub category.
There were less observations for the tree category which may have been due to
reduced visibility in these areas. The gravel category had few observations with
obstruction. Models were considered which had both the RSveg and structure
covariates under the assumption that each covariate was describing different factors
influencing sightability. For example, it is possible that the structure covariate was
describing small-scale factors influencing sightability whereas the RSveg class was

describing large scale factors.

Model selection results suggested support for a model with RSveg2 habitat
covariate, visibility, and the structure covariate with a hazard rate detection function

(Table SM1.1, model 1). Also supported was a model with the full RSveg categories
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(shrub and low vegetation not pooled) with structure and visibility. This model was more
supported than a half normal model with structure and visibility which was supported in
the previous analysis (Stapleton et al. 2014). The estimate of abundance from model 1
(955) was higher than the half-normal structure/visibility model (model 5; 912).

Goodness of fit tests for the most supported model (model 1, Table SM1.1)
suggested adequate fit (x?=6.15, df=4,p=0.18). Kolmogorov-Smirnov tests (0.034,
p=0.99) and Cramer-Von-Mises tests (0.02, p=0.99) also suggested fit was adequate.
The model averaged estimate of abundance from all model in Table SM1 was 949
bears (SE=168.9, CI=618-1280, CV=17.7%), If the RSveg models were removed from
the analysis then the estimate was 914 (SE=162.6, CI=596-1232 ,CVV=17.7%) which
was close to the model averaged estimate from the previous analysis (Stapleton et al.
2014) of the coastal and inland zones (929, SE=186).

2011 2016
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Figure SM1.1: A comparison of the distribution of detections for 2011 and 2016 surveys.
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Figure SM1.2: The distribution of the remote sensing based habitat classes (RSveg)
for the 2011 survey. The structure covariate used to describe whether
observations were obscured is shown as sub bars for comparison
purposes. The left truncation distance of 1800 used in the 2011 survey
is shown as a vertical line.

Page | 3



Suppl. Mat. 1 to Western Hudson Bay Aerial Survey 2016

Table SM1.1: Model selection results for 2011 Hudson Bay distance sampling analysis.
Akaike information criterion (AIC), the differences between AIC of the
given model and most supported model AAIC, Akaike weight (w;), and
Log-likelihood of each model is also shown.

No DF Covariates AIC AAIC Wi K LogL N Conf. Limit cv
1 HR RSveg2+viststructure 2060.49  0.00 0.47 7 210232 955 675 1350 17.7%
2 uR RSveg+vis+structure 206240 1.91 0.18 8 -1023.2 948 671 1338 17.6%
3 HR RSveg2+vis 2062.59 2.10 0.16 6 -1025.3 953 670 1355 18.0%
4 4HR RSveg+vis 2064.59 4.10 0.06 7 -1025.3 953 670 1354 18.0%
5 HN structuretvis 206491 4.41 0.05 3 10295 912 655 1270 16.9%
6 HN RSveg+vis 2066.10 5.61 0.03 6 -1027.0 951 680 1330 17.1%
7 HN structure+vistsize 2066.79  6.30 0.02 4 -1029.4 894 643 1244 16.8%
8 HR structure+vis 2067.85 7.36 0.01 4 10299 932 650 1338 18.5%
9 HR structure+vistsize 2068.99 8.50 0.01 5 210295 990 645 1520 22.0%

10 YN structure 2069.73  9.24 0.00 2 10329 875 635 1206 16.4%
11 HR RSveg nowater+vis 2070.28 9.79 0.00 6 -1029.1 936 648 1353 18.8%
12 4N structuretsize 2071.48 10.99 0.00 3 -1032.7 903 636 1281 17.9%
13 R structuretsize 2074.20 13.71 0.00 4 -1033.1 949 636 1416 20.5%
14 HrR Rsveg-hab 2075.31 14.82 0.00 5 -1032.7 915 641 1308 18.3%
15 HR RSveg? 2075.55 15.06 0.00 5 -1032.8 864 614 1216 17.5%
16 R RSveg 2076.74 16.25 0.00 6 -1032.4 883 624 1249 17.7%
17 uUN constant 2077.36 16.87 0.00 1 -1037.7 852 608 1195 17.2%
18 N RSveg 2078.07 17.58 0.00 5 -1034.0 869 628 1203 16.6%
19 yN  size 2079.35 18.86 0.00 2 -1037.7 856 601 1221 18.1%
20 HR constant 2079.75 19.26  0.00 2 -1037.9 869 602 1255 18.8%
21 HR  size 2081.71 21.22 0.00 3 -1037.9 905 604 1356 20.7%
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SUPPLEMENTARY MATERIAL 2 TO THE WESTERN HUDSON BAY POLAR BEAR
AERIAL SURVEY REPORT : ANALYSIS OF TREND

Methods

Trend was estimated using results of the distance sampling surveys in 2011 and 2016
as well as counts of bears during coastal surveys that occurred in August from 2011 to
2016.

Coastal surveys

Coastal surveys were conducted along the coast line of the high and moderate south
survey strata to the Ontario-Manitoba border from 2011 to 2016 by the government of
Manitoba as well as years preceding 2011. We analyzed this survey data to allow
another trend estimate for comparison with trend based on the ratio of the 2011 and
2016 survey estimates. Of additional interest was whether trend in adult males which
display higher movements and home range areas was similar to adult females with
dependent offspring and subadults that potentially display lower movement patterns.
Therefore, we analysis was stratified by these classes to assess similarity of trends.
Log-linear models (McCullough and Nelder 1989, Thomas 1996) were used for trend
analysis. More exactly, a generalized linear model with a quasi-Poisson distribution of
counts was used with an exponential link term. The exponent of the slope term from
this model provided an estimate of annual rate of change (A). Analyses were conducted
for adult males, adult females with dependent offspring (and lone females),
subadult/unknown bears, and pooled classes. Emphasis was placed on the adult male
and adult female with offspring classes since these groups could be classified with

highest certainty.

Distance sampling surveys

Model averaged estimates from 2011 and 2016 for pooled sex classes were compared
using t-tests. Population rate of change was also estimated as the 5% root of the ratio of
the 2011 and 2016 estimate. Of added interest was whether there were trends in age
and sex class as indicated by an adult male class and adult female (lone and with
dependant offspring) class. Estimates for these 2 classes were obtained by first
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classifying each group encountered as an adult male class, adult female/offspring, and
subadult/unknown class or a mixed class if both adult males and females/offspring and
subadult/unknown bears occurred in the group. The data was then post-stratified by
these classes and estimates were derived from the most supported distance sampling
(2011) or distance sampling-mark-recapture model (2016). Group-specific estimates
were then extracted from the mixed groups by multiplying the estimate by the proportion
of each class in the mixed group. Estimates for each group from the mixed groups were
then added to the respective adult male or adult female/offspring/subadult category.

Variances were estimated using the delta method (Buckland et al. 1993).

Results

Summary of counts

Counts of polar bear age and sex groups from coastal and distance sampling (coastal
and inland) surveys are summarized in Figure SM2.1 which suggest a large degree of
variability in the adult male class compared to other classes. For example, the adult
male class seems to increase with year for both coastal and distance samples whereas
the other classes appear to be stable. A different classification scheme was used for
coastal counts in 2011 which resulted in less age and sex classes. This year was used
in the overall trend analysis but was not used in the age-class specific trend analysis
due to the different classification scheme. The higher count of bears in the 2016
distance survey was due to better survey conditions as discussed previously in
Supplemental Material 1. However, the increase in counts appears to be due mainly to
an increase in counts of adult males compared to other age-sex classes. There were
roughly equal numbers of unknown bears in coastal surveys from 2012-6 and roughly
equal numbers of subadults/unknown bears in the 2011 and 2016 distance sampling

surveys.

Trend analysis of coastal surveys

Log-linear model results suggest significant negative trends for the female/subadult
class and positive but non-significant positive trends for the male and pooled classes
(Table SM2.1).
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Plots of log-linear model predictions suggest reasonable fit with most counts contained

within confidence limits (Figure SM2.2).

Distance sampling surveys

Comparison of model averaged estimates of abundance for 2011 (949 bears ,
SE=168.9, Cl=618-1280, CV=17.7%) and 2016 (842 bears SE=142.6, CV=16.9%,CI-
562-1121) using t-tests suggested the difference between the 2 estimates was not
significant (t=0.48, df=452,p=0.63). The ratio of the 2 estimates resulted in a gross
change of 0.89 which translates to an annual change (A) of 0.98 (C1=0.89-1.08).

We note that another estimate of abundance of 1030 that combined coastal
surveys and inland samples was produced for the 2011 data set (Stapleton et al. 2014).
Coastal surveys were not conducted in unison with distance sampling in 2016 and
therefore this type of estimate could not be derived for 2016. Therefore, the most
comparable estimates in terms of assessing trends are the distance sampling only
estimates from the two years which used similar methodologies. We note that the 2011
estimate of 1030 (Cl=754-1406) and the 2016 are not significantly different (t=0.87,
df=454, p=0.39).

Post-stratified estimates of adult male and adult female/offspring/subadult
classes were derived from the most supported models for 2011 and 2016. In all years
the majority of bears were contained within segregated “pure” groups with few bears in
mixed groups (Table SM2.2). For example, in 2011 there were 5 groups with adult
males and adult females/offspring or subadults/unknown. These groups contained 13
bears of which 4 were adult males, 6 were adult females and 3 were
subadults/unknown. Subadult/unknown class bears comprised 19% and 13% of the

abundance estimate in 2011 and 2016 respectively.

A comparison of pooled and post-stratified age class estimates reveals a
decrease, as with the coastal surveys, of the adult female and offspring class, an
increase in the adult male class and a decrease in the pooled estimate (Figure SM2.3).

None of the differences were statistically significant at a=0.05).
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Estimates of annual trend (A) from coastal and distance sampling surveys reveal

roughly similar trends for age-sex groups with declining adult female & offspring

classes and an increasing adult male class. The pooled estimate of trend for coastal

surveys suggest increasing abundance whereas the distance sampling estimate

suggests decreasing abundance, however, both estimates of trend are not significant

with estimates overlapping 1 (Figure SM2.4).
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Figure SM2.1: Counts of sex and age-classes by coastal and distance sampling

surveys. The counts from the distance sampling surveys only include on transect

observations to ensure comparability with estimates of abundance from surveys.
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Suppl. Mat. 2 to Western Hudson Bay Aerial Survey 2016
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Figure SM2.2: Predicted trend from log-linear models of coastal survey. Counts are

given as black dots with model predictions as red lines with associated confidence
limits.
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Suppl. Mat. 2 to Western Hudson Bay Aerial Survey 2016
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Suppl. Mat. 2 to Western Hudson Bay Aerial Survey 2016

Table SM2.1: Estimates of trend from log-linear models for the adult

female/offspring/subadult, adult males, and pooled groups for the Hudson Bay coastal

surveys. The slope term (B) which is an estimate of r (the intrinsic rate of increase) is

given with confidence limits and significance tests. Estimates of A are derived as the

exponent of B slope term.

Group Log-linear model results Trend (A) estimate

B SE(B) Conf. Limit X p A Conf. Limit
Adult females & offspring  -0.06 0.07 -0.18 0.07 0.70 0.401 095 0.83 1.08
(2012-6)
Adult males (2012-6) 0.10 010 -0.09 029 113 0.288 111 092 1.34
Pooled (2011-6) 0.05 0.04 -0.02 0.13 188 0.170 1.06 098 1.14

Page | 7




Suppl. Mat. 2 to Western Hudson Bay Aerial Survey 2016

Table SM2.2: Post-stratified estimates of age and sex groups for the 2011 and 2016

distance sampling surveys

year group groups Bears counted N SE Conf. Limit N CV
Adult females/offspring
2011 Pure 54 88 484 101.4 321 728 21.0%
Mixed 4 6 8 4.1 3 21 49.5%
total 58 94 492 101.5 325 749 20.6%
2016 Pure 69 118 355 84.5 223 564 23.8%
Mixed 8 5 9 3.7 4 20 41.1%
total 77 123 364 84.5 227 583 23.3%
Adult males
2011 Pure 53 76 280 84.9 155 505 30.4%
Mixed 5 4 6 2.7 2 14 49.5%
total 58 80 285 85.0 157 519 29.8%
2016 Pure 71 163 324 60.0 226 466 18.5%
Mixed 8 18 32 13.2 15 71 41.1%
79 181 357 61.4 241 537 17.2%
Subadults/unknown
2011 Pure 35 40 173 40.2 110 273 23.2%
Mixed 5 3 4 2.0 2 10 49.5%
total 40 43 178 40.2 112 283 22.6%
2016 Pure 24 27 96 29.3 53 174 30.4%
Mixed 8 8 14 5.9 7 32 41.1%
total 32 35 111 29.9 60 205 27.0%
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Executive Summary

Government of Nunavut, Department of Environment representatives together with
delegates from Nunavut Tunngavik Inc. and the Kivallig Wildlife Board conducted
consultations with the Hunters and Trappers Organizations of Rankin Inlet, Whale Cove,
Arviat, and Chesterfield Inlet on July 4, 5, 6, and 7, 2017, respectively. Invited Baker
Lake HTO representatives did not attend the meeting in Chesterfield Inlet on 7 July
2017.

The primary purpose of these consultations was to provide co-management partners
with:

1) an overview of the most recent scientific study results on the western Hudson Bay
(WH) polar bear sub-population (Appendix 1); and

2) the GN’'s management recommendation of no change to the current TAH despite a
decline in abundance in the 2016 population estimate (842, 562-1121 95% ClI) relative
to the 2011 aerial survey estimate (1030, 754-1406 95% CI).

In addition, the GN representatives collected feedback on the results and any additional
information or management concerns expressed by co-management partners. This
included public safety concerns expressed by the Arviat HTO, to which the GN
suggested it would recommend re-setting the current TAH of 28 bears to the NWMB,
thus eliminating existing polar bear tag credit issues so as to allow each community full,
restored access to its quota allocation.

Only communities that hunt from the WH polar bear sub-population were consulted.

The feedback and information collected during these consultations will be considered
when forming Total Allowable Harvest (TAH) recommendations for the WH sub-
population to be submitted for decision to the Nunavut Wildlife Management Board
(NWMB) at its September, 2017 meeting.

This report attempts to summarize the comments made by HTO members/participants
during these consultation meetings.
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thus eliminating existing polar bear tag credit issues so as to allow each community full,
restored access to its quota allocation.

Only communities that hunt from the WH polar bear sub-population were consulted.

The feedback and information collected during these consultations will be considered
when forming Total Allowable Harvest (TAH) recommendations for the WH sub-
population to be submitted for decision to the Nunavut Wildlife Management Board
(NWMB) at its September, 2017 meeting.

This report attempts to summarize the comments made by HTO members/participants
during these consultation meetings.
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Preface

This report represents the Department of Environment’s best efforts to accurately
capture all of the information that was shared during consultation meetings with the
Hunters and Trappers Organizations of Rankin Inlet, Whale Cove, Arviat, and
Chesterfield Inlet.

The views expressed herein do not necessarily reflect those of the Department of
Environment, or the Government of Nunavut.
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1.0 Report Purpose and Structure

This report is intended to: 1) provide the details of the GN DOE presentation and
resulting management recommendations for the WH polar bear subpopulation
assessment, 2016 (Appendix 1), and 2) collate and summarize comments, questions,
concerns and suggestions provided by the HTOs in response to the results from the
recent western Hudson Bay (WH) scientific study. In addition, these consultations were
conducted with community HTOs to collect feedback and TK prior to submitting formal
recommendations for the WH sub-population to the NWMB that include no change to
the current TAH. The following community HTOs were consulted from July 4-7, 2017:

e 4 July, 2017: Rankin Inlet HTO, Rankin Inlet
e 5 July, 2017: Issatik HTO, Whale Cove

e 6 July, 2017: Arviat HTO, Arviat

e 7 July, 2017: Aqigiq HTO, Chesterfield Inlet

After these consultations, the DOE will provide a submission to the NWMB for decision
that includes no change in the existing TAH and management approach, but as per
Arviat HTO'’s suggestion GN DOE will recommend to re-set and zero credits so that
communities are able to harvest bears but are also in a position to deal with defense of
life and property kills, should the situation arise.

In addition to the HTO Board members, co-management representatives from Nunavut
Tunngavik Inc. (NTI), and the Kivallig Wildlife Board (KWB) also attended each of the
consultations. The NWMB had no delegates present during these meetings.

2.0 Purpose of Consultations

The purpose of these consultations was to discuss the newest scientific information that
was collected during the 2016 aerial survey regarding the WH polar bear sub-
population, and as reported in the final GN report which was produced by several co-
authors. After the consultations the GN DOE will submit TAH recommendations for the
WH sub-population to the NWMB for decision which will include no change in the
existing TAH and management approach, but as per Arviat HTO suggestion to re-set
the credits to zero. This would allow communities to harvest bears while also being in a
position to deal with defense of life and property kills, should the situation arise.
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2.1 Format of Meetings

The meetings were held in the evenings, usually between 19:00 and 22:00, and ran
approximately 2.5 hours depending on HTO engagement. Meetings were facilitated and
led by the GN Polar Bear Biologist, M. Dyck, who was also the presenter. Each
consultation session began with an overview of the study design, study execution, and
results from the aerial survey study conducted on the WH polar bear sub-population
(Appendix 1). It was also mentioned that the population has remained relatively stable
and that no difference between the 2011 and 2016 aerial survey results existed. The
GN's position, therefore, was to recommend no change in the current TAH for the WH
sub-population. The participants were invited to ask any questions, raise concerns, or
provide recommendations throughout the meetings. After the presentation,
guestions/discussions continued until no further questions were raised.

3.0 Summary by Community

The objectives of the consultations were made clear to the HTO members prior to and
at the start of each meeting. There were many similar questions, concerns and
suggestions raised by HTO Board members in all the communities consulted. A full
report of the questions and comments from each community follows in Appendix 2.

3.1 Rankin Inlet Consultation Summary
Date: 4 July, 2017

Representatives:

GN-DOE, Polar Bear Biologist: Markus Dyck

GN-DOE, Regional Manager: Rob Harmer

GN-DOE, Conservation Officer: Joanne Coutu-Autut
NTI: Raymond Mercer

NTI: Robert Karetak

Rankin Inlet HTO, Secretary: Nigel Kubluitok

Rankin Inlet HTO, Temporary Secretary: Clayton Tartak
KWB Representative: Qovik Netser

Comments and questions:

There were no HTO board members present in Rankin Inlet, however, several
guestions regarding the presentation and results of the study were raised by
representatives. The question whether there is current concern for this population was
raised, and it was discussed that although there does not seem to be a significant
decline in abundance, declines in body condition, survival rates, and reproduction have
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been documented for years. In particular, there are some effects on cubs-of-the-year
that only allow a small proportion to survive to the yearling stage.

There was also some support for a new IQ study, and a fall coastal survey to determine
when and how many bears migrate through and are in the vicinity of the community.

3.2 Whale Cove Consultation Summary
Date: 5 July, 2017

Representatives:

e GN-DOE, Polar Bear Biologist: Markus Dyck
GN-DOE, Regional Manager: Rob Harmer
NTI: Raymond Mercer
NTI: Cheryl Wray
KWB Representative: Nick Arnalukjuaq
Issatik HTO: Shirley Kabloona
Issatik HTO: Eva Voisey
Issatik HTO: Martha Arualak
Issatik HTO: Chris Jones
Issatik HTO: Robert Enuapik

Comments and questions:

In response to questions asked by M. Dyck regarding when many bears would show up
near the community, HTO members responded usually in the fall between October and
December, and that there may be a disproportionate migration of bears north from
Manitoba. HTO members agreed that there were fewer polar bears during the 1960s
and 1970s, and that during the 1980s more bears were seen on the land. It was also
suggested whether biopsy sampling could be used in order to track problem bears near
the community, or if a fall coastline survey could be used to determine some trends over
time. There also seemed to be support for a renewed study in order to continue the
monitoring of the WH polar bears.

3.3 Arviat Consultation Summary
Date: 6 July, 2017

Representatives:
e GN-DOE, Polar Bear Biologist: Markus Dyck
e GN-DOE, Regional Manager: Rob Harmer
e GN-DOE, Conservation Officer: Joe Savikataaq Jr.
e NTI: Raymond Mercer
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NTI: Cheryl Wray

NTI: Bert Dean

NTI: Robert Karetak

KWB Representative: Nick Arnalukjuaq
KWB Chairperson: Stanley Adjuk
Arviat HTO: Thomas Alikaswa
Arviat HTO: Ludovic Issumatarjuak
Arviat HTO: Gordy Kidlupik

Arviat HTO: Angelina Suluk

Arviat HTO: Sam Garry Muckpa
Arviat HTO: Jamie Kablutsiak
Arviat HTO: Mary Issumatarjuak

Comments and questions:

In response to questions asked by M. Dyck regarding when many bears would show up
near the community, HTO members responded usually in the fall between October and
December. HTO members agreed that there were fewer polar bears during the 1960s
and 1970s, and that during the 1980s more bears were seen on the land. It was also
discussed if a fall coastline survey could be used to determine some trends over time.
Concern over the TAH was expressed and that it is likely low to deal with problem
bears. M. Dyck suggested to bring forward to DOE whether it is possible to re-set
credits and TAH for the new harvest season. Some HTO members suggested that
bears in the Arviat area move inland up to 120 miles — and that this was important local
information that should be documented for the next aerial survey. Problem bears do
also not seem to be scared anymore of people like they used to.

3.4 Chesterfield Inlet Consultation Summary
Date: 7 July, 2017

Representatives:

e GN-DOE, Polar Bear Biologist: Markus Dyck
GN-DOE, Regional Manager: Rob Harmer
GN-DOE, Conservation Officer: Peter Kattegatsiak Sr.
NTI: Raymond Mercer
NTI: Cheryl Wray
NTI: Bert Dean
NTI: Robert Karetak
KWB Representative: Nick Arnalukjuaq
Aqigiq HTO: Harry Aggark
Aqigiq HTO: Leonie Mimialik
Aqigiq HTO: Patrick Putulik
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e Aqigiq HTO: Jerome Misheralak
¢ No Baker Lake HTO members attended the meeting after invitations and travel
was arranged to Chesterfield Inlet

Comments and questions:

In response to questions asked by M. Dyck regarding when many bears would show up
near the community, HTO members responded usually in the fall between October and
December, but also in the spring time. HTO members agreed that there were fewer
polar bears during the 1960s and 1970s, and that during the 1980s more bears were
seen on the land, and that there are bears from 2 sub-populations near the community
(e.g., Foxe Basin and WH). It was also discussed if a fall coastline survey could be used
to determine some trends over time.

4.0 Summary

Some common themes that were apparent during several HTO discussions were that
communities would likely support a fall coastal survey allowing to monitor bears near
communities, and possibly means of genetic biopsy sampling so that bears near
communities could be identified and their background examined if they had contact with
communities and humans before. It also seemed that HTOs would be in support of a
new traditional knowledge study that would examine whether freeze-up patterns near
their communities have changed during the past 20-30 years, and how the fall
distribution of bears near communities has changed from the 1970s to the present. The
Arviat HTO commented that the current TAH likely is not sufficient to cover problem
bears and it was suggested that a credit re-set could be considered so that the full TAH
is available for all communities, given the public safety concern. M. Dyck and R. Harmer
offered all communities to forward questions to the GN should they arise so that
anything that was not discussed or unclear at the meetings could be explained.
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CONSULTATION SUMMARY NOTES FOR THE 2016 WESTERN HUDSON BAY
POLAR BEAR AERIAL SURVEY COMPILED DURING MEETINGS CONDUCTED
BETWEEN 4-7 JULY 2017

1. Rankin Inlet
Date: 4 July 2017
Time: 19:00 — 21:00

Present: R. Harmer, GN, Regional Manager Kivalliq
J. Coutou, GN, Conservation Officer, Rankin Inlet
M. Dyck, GN, Polar Bear Biologist Il
Nigel Kubluitok, Secretary, Rankin Inlet HTO
Clayton Tartak, Secretary (temporary), Rankin Inlet HTO
Raymond Mercer, NTI
Robert Karetak, NTI
Qovik Netser, KWB Representative
- No HTO Board members present —

a) M. Dyck welcomed everyone to the meeting, and also explained that the
timing is likely not the best because many board members will be out on the
land and a meeting during October would have been much better. However,
the Minister thought this was a high priority to report back the results from the
2016 survey, and so we are here to do just that. M. Dyck presented the
current status of the western Hudson Bay (WH) polar bear population, i.e.,
what is currently known from a scientific perspective. The presentation
(attached in English and Inuktitut) included a background of the scientific
findings up to 2015, why a new study is needed, what the basis was for the
new aerial survey, how it was designed, what information was used to design
it, how it was conducted, and what the results were of this study. The
presentation also included the position of the GN on the current status of WH
polar bears, i.e., that the population appears to be stable and the GN
currently does not support an increase in the TAH.

b) Questions that arose from the presentation:
i) Q: R. Mercer: Do you think there is a concern with this

population currently?

A: M. Dyck: The population appears to be stable based on the
new aerial survey results where we could not detect a significant
difference between the last survey from 2011 and the current
one from 2016. However, as in the previous aerial survey and
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other previous ECCC studies, the reproductive performance of
the population is poor compared to other Hudson Bay complex
polar bear populations (see Table in ppt presentation). There
are few coys surviving into the yearling stage. ECCC also
documented that body condition, survival and reproduction has
been decreasing for many years in this population. Abundance-
wise the population appears to be stable, but something
concerning is going on regarding the reproduction. Ongoing
monitoring of this population is needed as well as sea-ice
monitoring for the future.

ii) Q: Nigel: | heard there is some tagging going on?
A: R. Harmer/M.Dyck: There is a PITT tagging program going
on for polar bear hides to monitor export and identity of the
population where bears were harvested — that is a collaborative
program between ECCC and the GN. In addition, ECCC and the
University of Alberta is putting out satellite ear tags in Manitoba
to monitor and examine male polar bear movements and how
they are distributed during freeze up.

iii) Q: Nigel: When will the next survey be?
A: M. Dyck: Ideally we want to survey every 3-5 years. If
intervals are too large between aerial surveys then all the
investment in previous surveys was for nothing so we need to
maintain a rigorous monitoring schedule. | will make sure that
we can have the next survey in 2020 for WH.

iv) Q: R. Mercer: If we wanted to conduct a coastal survey in
Nunavut like Manitoba does, how much would it cost?

A: M. Dyck: | think that with about 10-15K we could cover most
of the coastal area, and it would be a great effort to collect this
information over the next few years, in addition to traditional
knowledge, to examine fall distribution of bears in Nunavut. We
could get money from the GN, and likely NWMB, and maybe the
RWO to apply together to secure funding.

Meeting adjourned around 21:30
Notes by M. Dyck

2. Whale Cove
Date: 5 July 2017
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Time: 19:00 — 21:00

Present: Rob Harmer, GN, Regional Manager Kivalliq
Markus Dyck, GN, Polar Bear Biologist Il
Eva Voisey, Whale Cove HTO
Shirley Kabloona, Whale Cove HTO
Martha Arualak, Whale Cove HTO
Chris Jones, Whale Cove HTO
Robert Enuapik, Whale Cove, HTO
Raymond Mercer, NTI
Cheryl Wray, NTI
Nick Arnalukjuag- KWB Representative

a) M. Dyck welcomed everyone to the meeting, and also explained that the
timing is likely not the best because many board members will be out on the
land and a meeting during October would have been much better. However,
the Minister thought this was a high priority to report back the results from the
2016 survey, and so we are here to do just that. M. Dyck presented the
current status of the western Hudson Bay (WH) polar bear population, i.e.,
what is currently known from a scientific perspective. The presentation
(attached in English and Inuktitut) included a background of the scientific
findings up to 2015, why a new study is needed, what the basis was for the
new aerial survey, how it was designed, what information was used to design
it, how it was conducted, and what the results were of this study. The
presentation also included the position of the GN on the current status of WH
polar bears, i.e., that the population appears to be stable.

b) Questions that arose from the presentation:

i) Q: Eva Voisey: How can you tell if it is a male or female from
the air?
A: M. Dyck: We tested this in the Baffin Bay but it is difficult.
The males are easy to spot as they have distinctive features like
larger necks and scars on their faces. We are flying 300-400
feet up and we take the GPS location, then we go to about 100
feet, take a picture and can tell the differences. But there are
times, when we don’t know the sex of the bear and we do state
that.

ii) Q: Rob Harmer: how far inland is that photo taken (slide 18)?
A: M.Dyck: | can’t remember specifically but around 30-40
kilometers inland.
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iii) Q: Nick Arnaklujuag— | don’t see any partners that include
HTO’s? Why don’t we include that on our slides?
A: M. Dyck: This slide only includes organizations that provided
financial assistance and fuel. We did include the HTO’s during
consultations and | can add a slide that shows the HTO’s that
were involved. | have to apply for funding from a lot of different
organizations and that is what | am trying to convey here.
A: R. Harmer: | just want to add that we are in no way trying to
be disrespectful and not listing the different individuals or
HTO’s. We do not in any way under value the contributions of
individuals or HTO’s and we realize the importance and that is
conveyed to upper management.

iv) Q: Chris Jones: Did you mention that there was a concentration
of family groups in Manitoba? In Coral Harbour the females
with cubs would always stay away from the big males.

V) Q: Are the transects 7 km apart? Maybe the transects are too
far apart to get an accurate count?
A: M. Dyck: We designed the study so that the transects were
closer in areas where we knew the densities were higher. It
wouldn’t make any difference if we spaced the transects closer,
as there just are not more bears. Having transects closer in
some areas would not mean that we find more bears — the effort
was already maximised considering density of bears and costs
involved. We need to work closer together with communities
and HTO’s to determine when the best time of the year to
survey.
Chris Jones: Our problems are in October to December when
we see a lot more bears, and what we think is happening that a
greater proportion of bears from Manitoba are moving into
Nunavut.
Markus: See that is very interesting as this is the first time |
have heard that there are proportionally more bears moving up
and not just an increase in the population overall.

Vi) Markus: Q: Have you seen a change in the sea ice freeze-up
patterns here? Maybe ice freezers here sooner than in Churchill
and that is why bears move into Nunavut faster in higher
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numbers. We need to collect that information. When did you
see a change in bear numbers occurring in your community?
Eva/Chris: In the 60s and 70s there were very few bears around
and people were on the land in spring or summer and did not
see bears. In the 80s that started to change and more bears
were seen. Usually the number of bears in Whale Cove seems
to be higher in October before freeze-up.

Markus explains also that between the 1800s and early 1900s
about 55K polar bears were harvested by explorers and
whalers, and not many bears were suspected to be left across
the arctic, that is why the international agreement was put in
place — to contribute towards conservation. But also the tourism
industry in Churchill began and by the mid 1990s it was in up-
swing — there are bears habituated to tourism, the Ladoon dog
yard, and other activities, and maybe all these combinations
lead to have more bears showing up in Nunavut during early
fall. We need to collect the 1Q that is out there, and try to get
genetic samples of all bears that are frequenting the
communities, and then compare that to the ECCC data base
which will allow us to find out the history of each bear in
communities where it is know. Then we can hopefully explain
better why there are more bears in Nunavut, and how we can
manage that situation. | have brought this issue up with
Manitoba several times, and | think they are seeing this more
now as a concern and are willing to collaborate on that topic.

vii)  Chris Jones: Maybe we can use the biopsy darts as part of our
deterrent and help collect the information.
Markus: we should discuss this and if the HTO is willing to do
this, then | think that would be great.

viii)  Eva Voisey: | think the climate change has a lot to do with
impacting the bear populations. Also when we have the bear
problems; they are used to people from being habituated in
Churchill.

Markus: | did research this in Churchill and | think that the
tourism has allowed habituation and conditioning and now
Nunavut is paying for it.

Chris Jones: Deterring bears has changed dramatically in that
they are not scared anymore.
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Chris Jones: there is a trail that the bears use to move around
Whale Cove.

Rob Harmer: Have the conditions of the bears changed?
Chris: we had an older male last year. We have a lot of bears
in town. Female with 2 cubs under the houses.

iX) Eva Voisey: | don’t understand this quota thing? Why does it
come from America?
Markus/Rob: | think you are talking about CITES and the trade
of the hides.
Eva: it's not only humans that kill the bears. It's also
contamination from plastics etc.

X) Chris Jones: When is the next time you'll be in the
communities?
Markus: My plan is to conduct the next survey in 2020. But that
is also dependent on where the community concerns are. We
are traveling to all the WHB communities to provide updates.
We need to keep up a regular interval with the surveys as it
makes the data set stronger. We can detect a change if we
maintain a rigorous survey interval.

Xi) Chris Jones: do you guys regularly count the bears in Arviat?
Rob: we have a couple of employment positions that are bear
monitors and keep track of wildlife sightings.

Markus: We can work with the communities as we have darts
that will take a sample but also colour it so you can keep track
of what bears are moving through.

Meeting adjourned at 21:30

Notes by Cheryl Wray

Western Hudson Bay Polar Bear Scientific Study Consultation Report - Appendix 2 Page 6



3. Arviat HTO
Date: 6 July 2017
Time: 19:00 — 21:00

Present: Rob Harmer, GN, Regional Manager Kivalliq
Markus Dyck, GN, Polar Bear Biologist II
Joe Savikataaq Jr., GN Conservation Officer
Thomas Alikaswa, Arviat Vice-Chairman HTO
Ludovic Issumatarjuak, Arviat HTO
Gordy Kidlupik, Arviat HTO
Angelina Suluk, Arviat HTO
Sam Garry Muckpa, Arviat HTO
Jamie Kablutsiak, Arviat HTO
Bert Dean, NTI
Robert Karetak, NTI
Raymond Mercer, NTI
Cheryl Wray, NTI
Nick Arnalukjuag- KWB Secretary/Treasurer
Stanley Adjuk — KWB Chairperson
Mary Issumatarjuak, HTO Office
Bobby Suluk, Interpeter

a) M. Dyck welcomed everyone to the meeting and presented the current status
of the western Hudson Bay (WH) polar bear population, i.e., what is currently
known from a scientific perspective. The presentation (attached in English
and Inuktitut) included a background of the scientific findings up to 2015, why
a new study is needed, what the basis was for the new aerial survey, how it
was designed, what information was used to design it, how it was conducted,
and what the results were of this study. The presentation also included the
position of the GN on the current status of WH polar bears, i.e., that the
population appears to be stable and the GN would not recommend an
increase in TAH.

b) Questions that arose from the presentation:
i) Q: Markus: One of the questions | asked the other HTOs was

when do you see these bears coming into the communities?
Also is there a difference in when the bears would show up
historically vs present day? | believe that if we work together
and partner western science and |1Q that we can get a better
idea of when the bears pose problems to the communities to
keep people safe.

ii) Q: Gordy — Can we share this information with the public with
people in our communities?
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A: Markus: Yes this information is public to Nunavut right now,
but when | get back to Igloolik next week | will share the
information with Manitoba, Parks Canada. It has also been
shared with NWMB.

iii) Q: Sam: For aerial surveys would it be possible during the
migration to conduct surveys during that time of the year? We
hear that sometimes 20-30 bears are moving by the community.
A: Markus: What | think we could is during the fall time is to
conduct a coastal survey. Manitoba conducts a survey during
the fall down to the Ontario border. What | think we should do in
Nunavut is that we survey north of the border and see how
many bears up during this time frame. | think we should think
about this. In order to time this right, we can discuss with all the
HTOs as to when a good time would be. The other option is
that we can genetically biosample bears, | think we could do this
throughout the community. Joe is already helping with this. But
we can compare the genetics of the bears moving by the
community to what ECCC has and learn the history of these
bears then we will be able to determine if bears had past
encounters with humans, the dump in Churchill and whether this
contributes to bears near communities. If there are bears that
have been captured before we can compare the genetics to
what ECCC has and learn the history of this bear such as if it
was captured in Manitoba. Myself and some other HTOs think is
that some of these bears that have been conditioned in
Churchill could possibly be bears that are coming into our
communities here in Nunvaut. We don’t know this, but the
genetics could tell us a story. | also have darts that can mark a
bear with colour as well as take a biopsy. This could actually
help us monitor if it is a bear that is returning or different bears
moving through. We have some options and we should discuss
this further.

iv) Q: Gordy: We need to keep in mind that the bears we see here
will be in another community in a couple of weeks. Maybe
October is a good month to conduct the surveys. They will be
here and then in Whale Cove in a couple of weeks.
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V) Q: Markus — have you seen a change in the sea ice in the last
15-20 years in freeze up? By knowing all these different pieces
of the puzzle, we can figure out how the bears are moving and
whether they are coming from the Churchill area. Churchill now
has a weir and perhaps that can play a factor in how the ice
freezes now in that area and that could be a contributing factor.

Vi) Q: Thomas: There is a difference between thin bears and large
bears that spend more time on the ice and that thin bears have
been walking for miles. It's not because they can’t hunt, it's
because they have been walking for a long time. The second
point is that | don’t believe that there is a decrease in the
numbers but rather there are bears further out in the ocean.

A: Markus — thanks for your comments and observations.

vii)  Q: Ludoric: The elders used to say that the populations were
quite low in the past and have witnessed that there weren’t
many bears in the past as | am a hunter. | also support what my
colleague Thomas is saying in that the bear population is not
declining but rather is a lack of food and they are walking
farther. It's not possible to stay in tents in the summers
anymore as there are so many bears.

viii)  Q: Markus — we heard in Whale Cove that in the 60’s there
were fewer bears and then in the 80’s the numbers started to
increase. lIs this what you have seen as well?

A: Ludoric: Yes | agree with what Whale Cove has said that we
are now seeing more.

Q: Robert — is that around the time that Churchill closed their
dump?

A: Markus: the military was killing a lot of animals when they
were in Churchill and the bears have had time to rebound and
maybe that’s why we are seeing more as there is now a quota
system. Bert: the mid to late 80s hunters from Rankin would
come down to Arviat and Churchill to harvest bears as there
weren’t many in the Rankin area. Even in the early 90s, Rankin
wouldn’t even fill their quota.

Ludoric — | remember this time well.

Rob Harmer/Markus — between 1890’s and 1930’s there were
about 55K bears killed in Canada by whalers and explorers
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were killing many bears. This is the time when Governments
became concerned that the number of bears were declining.
Ludoric — | can remember this lady from Rankin was speaking
about the number of bears harvested and they were declining.

iX) Q: Jamie — When should we as people from communities
expect to get our TAH'’s back? Can you take this back to the
GN that we want to see our quota increase to where it was
previously?

A: Markus: The population estimate that we have now is
stable. The Government’s position now is that there is no
increase in TAH as the population is stable. | can take that
request back to my Director and see if there is a way to even
out the credits and overharvests to get back to the original TAH.
Bert — The NWMB is going to be doing a public hearing in the
fall on the Polar Bear Mgmt Plan and your HTO will send
someone to this meeting. This meeting will allow a discussion
as to how the populations can be managed. | think it is
worthwhile to start thinking about a workshop to discuss the
Mgmt Plan as we are hearing from a lot of communities that
public safety is a huge issue.

X) Q: Gordy: During the 50/60s to the 90s, Tommy had noticed
that the bear numbers were increasing and people were starting
to get scared and wanted him to harvest it.

Xi) Q: Thomas: When you conduct your surveys, how far inland do
you go and how do you decide that? We have seen bears
about 120 miles inland at a caribou outfitting camp.

A: Markus: That would have been good information to have so
we could survey in those areas. When we discussed this initially
during the consultation for the design this did not come up.

xii)  Q: Thomas — we travel inland on quad and have seen bears
and those bears aren’t counted?
A: Markus — we have surveyed from between 80-120 km’s
inland. If there are any locations that you have during the
summer months where you have seen bears that far inland.
Can you please report those areas to the CO so we can search
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that area for the next survey. That’s important information to
know as it would help us.

xiii)  Q: Ludoric: | have heard guide/people talking about seeing
bears in a sports camp at a caribou camp 120 miles inland.
A: Markus — We hope to have a lot of this information for our
next survey so that we can search better if we need to go
inland.

xiv)  Q: Sam Garry — in 2007 my grandfather mentioned that almost
every night there was a polar bear encounter at a sports camp
near Dianne River.

Ludoric — | have also withessed that as | have helped the sports
hunters for bears. | have also heard from my ancestors that
some bears could be spending their entire life cycles in the
ocean. They have even stated that the bear’s eyes are red
because they are so large.

xv)  Q: Raymond: In Whale Cove they said they are seeing a lot of
seals. | am wondering if this is the same in Arviat?
A: Sam Garry — boating near Century Island we noticed a lot of
seals. A lot more seals than we have seen.
Ludoric — there does seem to be a lot more seals.

xvi)  Q: Rob — Can there be some sort of agreement that maybe
bears are more comfortable around humans now. Do you guys
feel that they might be too comfortable with us now due to them
becoming conditioned and used too our deterrence efforts?
Could that be a possibility as to why we are having more
occurrences because they’'re becoming more bold and have lost
their fear of humans?

A: Ludoric: Nodding head. Gordy: | believe that it is more
about finding food. | think the bears know that they can access
food near the communities. Andy Derocher showed me a graph
as to when the bears started declining and it was around when
we say more around the community and it occurred to me that
they were looking for food near our communities.

Rob: What we think is that bears are coming up from Manitoba
and they aren’t scared of people anymore due to Manitoba’s
deterrence program; so when they get to Arviat or Whale Cove
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they aren’t affected by rubber bullets, or bangers, etc. and aren’t
deterred anymore. Manitoba had a serious problem bear last
year and notified us that this bear would be a problem for us,
but fortunately that bear moved onto the ice before it got here.

xvii)  Q: Ludoric: | have heard that because the garbage is now
managed at Churchill that they are going after our dumps
because the food is available there.

Robert Karetak: There was a workshop conducted on wildlife
deterrents in Churchill and we want to have another workshop
like that. If there was funding they thought they might hold a
workshop in Arviat or Rankin. There was a final report issued
on the workshop and | can forward that to you.

Nick: closing remarks. Nick thanked the GN for the
presentation about the results, but he does not agree with the
survey results and we need to conduct new surveys in the
future. When it comes to animals, it’s like every single result
was never positive and constantly lowered and that impacts
Inuit. To the Inuit this is not justified. If we did not have defense
kills, our quotas would be fine. In the long run, | would like to
see effective communication and build on our relationship
between RWO/HTO and the GN. With powers and authorities
we need to be able to manage our wildlife populations with the
government. We need to continue and maintain the surveys as
we want accurate numbers as we know that populations will
stabilize. So we want the 1Q and western science to work
together.

Meeting adjourned at 22:00

Notes by Cheryl Wray
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4. Chesterfield Inlet
Date: 7 July 2017
Time: 17:00 — 19:00

Present: Rob Harmer, GN, Regional Manager Kivalliq
Markus Dyck, GN, Polar Bear Biologist Il
Harry Aggark, Chesterfield Inlet HTO
Leonie Mimialik, Chesterfield Inlet HTO
Patrick Putulik, Chesterfield Inlet HTO
Jerome Misheralak, Chesterfield Inlet HTO
Simon Aggark, Summer Student, Chesterfield Inlet GN
Bert Dean, NTI
Raymond Mercer, NTI
Cheryl Wray, NTI
Robert Karetak, NTI
Nick Arnalukjuag- KWB Representative
Jennifer Sammurtok — Interpreter
Peter Kattegatsiak Sr. — COIll, GN-DOE
NO BAKER LAKE HTO BOARD MEMBERS PRESENT (travel
arrangements were made for 2 members which did not show
up for the meeting)

a) M. Dyck welcomed everyone to the meeting, and also explained that the
timing is likely not the best because many board members will be out on the
land and a meeting during October would have been much better. However,
the Minister thought this was a high priority to report back the results from the
2016 survey, and so we are here to do just that. M. Dyck presented the
current status of the western Hudson Bay (WH) polar bear population, i.e.,
what is currently known from a scientific perspective. The presentation
(attached in English and Inuktitut) included a background of the scientific
findings up to 2015, why a new study is needed, what the basis was for the
new aerial survey, how it was designed, what information was used to design
it, how it was conducted, and what the results were of this study. The
presentation also included the position of the GN on the current status of WH
polar bears, i.e., that the population appears to be stable.

b) Questions that arose from the presentation:
i) Q: Markus — | am posing the same question to you as | have

with other communities. In Whale Cove, they told us that in the
fall time they would have a lot of bears in their community.
What time of the year do the bears show up in your community?
A: No comments.

ii) Q: Markus - The COY’s are not surviving into the first year and
maybe hunters can help us understand why that is. Maybe the
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males are killing the cubs or the mothers are not in good
condition and killing off the weaker COY, or there are other
reasons that local knowledge could help us understand.

A: No comments.

iii) Q: Jennifer Sammurtok: July 1% long weekend we saw a
mother with 2 cubs on the Inlet. Also the elders have stated that
bears are being fed in Churchill so they are not afraid anymore.
A: Rob/Markus: We have heard this is in every community
where all of a sudden all the bears show up at once and where
that didn’t happen 15-20 years. We would like to gather more
information from the communities as to why all of a sudden
these bears show up at once.

Leona: in the spring time when the ice breaks we see them
near the community.

Rob: During the spring time are they problematic or are they
just moving through? Leonie: itis scary for us as the kids are
out of school and we have to tell them to go home. Also the
bears are walking down the roads.

Leona: Because the community is on a point, the bears are
coming from all directions.

Markus: Is there a time frame when the bears weren’t
problematic?

Leonie: Previously we were able to go camp.

Harry: In the mid 60’s we would be able to camp on the islands
without seeing bears.

Rob: do you find that there is a difference in the bears now —
are they less fearful then they used to be?

Leonie: they are not scared anymore and approach the
communities. Previously if a dog was barking, the bear would
get scared and run, but that doesn’t happen anymore. We have
a camp not far from here and we can’t even go there to eat
anymore because of the bears. The bear was hiding and
watching them so we had to leave and go back to town.

iv) Q: Harry Aggark: | know the reason why we have low
populations in August is because they are south in Manitoba.
We see them in the fall time when the ice starts to freeze. Also
we have both the WHB and FB populations here so that is why
we see more bears.
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V) Q: Harry: so you stated that Ontario has done their studies but
you don’t know what those numbers are yet?
A: Markus: Yes | haven'’t seen that data yet.

Vi) Q: Harry: It might be best to do WHB and FB surveys at the
same time, as they move around at the same time.
A: Markus: Yes it makes sense. The issue is | have been the
only biologist for the GN right now, and there at times competing
resources and priorities.

vii)  Q: Jerome Misheralak: It might be more effective if you have a
team working from the south and another working from the north
conducting the surveys.

A: Markus: explained how the work was done in WH and why.

viii)  Q: Harry Aggark: Are you collaring bears still?
A: Markus: We haven't collared in 6 years.
Rob: people have expressed that they don’t want bears
collared anymore.
Markus: There is ECCC and Universities that are still collaring
and tagging bears.
Harry: We know that there was a bear collared near Manitoba
and then saw a bear at Ungava Bay that had a collar.
Harry: | don’t support collaring as it causes a lot of damage to
the bears neck.
Rob: We have pulled back on collaring on bears because of
that reason.
Harry: We are not really concerned about where they move but
rather if there numbers are increasing or decreasing.

iX) Q: Rob: Do you guys tell Peter whenever you see a bear even
if it isn’t problematic.
A: Jennifer: yes, he is always notified.

X) Q: Leonie: Why did you not survey between Rankin and
Chester?
A: Markus: It’s considered a different population (Foxe Basin).

Xi) Q: Jennifer: Why are you not surveying bears north of the
boundary line?
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A: Rob — we know that bears move beyond each management
zone. Different population/management zones are created
through tracking and previous surveys that the bears occupy.

A: Leonie: | understand what you are saying but | know that
bears are moving between zones.

Markus: | totally believe that bears are moving between areas.
Leonie/Jennifer: We don’t understand why Foxe Basin/WHB
aren’t surveyed together?

Rob: With these surveys it's about time and money. Markus is
the only biologist currently and we don’t have time and money to
do every management zone or population on a consistent
schedule . Markus has to request funds from other interested
partners which takes time. We also want to survey areas every
so many years which makes sense. We don’t want to survey an
area every 15 years or every year; by doing that it wouldn’t be
productive to gather consistent data.

xii)  Q: Jerome Misheralak: Do you survey the area into Baker Lake
for bears, | know a bear was there last year? We know when
we go to that area to hunt caribou that we see bears.

A: Rob: We know that Baker Lake isn’t a natural habitat for
bears so we don't include that area for bear surveys. Baker
Lake has had two occurrences where polar bears were sighted
and killed as a result of defence kills. One of these was last
summer just east of Baker Lake in Cross Bay.

Markus: That might be important information for us to know if
there are more bears going inland so that we can include this
area on our next Foxe Basin survey.

Rob: Do you regularly report your sightings to the CO so that’s
he can let Markus know.

A: Peter Kattegatsiak: To elaborate for Leonie, the Foxe Basin
inclues different communities like Coral Harbour, Repulse Bay,
Kimmirut, etc. They are different subpopulations. And Markus
cannot survey everywhere at once.

xiii)  Q: Harry —would it possible to conduct surveys once in August
and then again in September or October?
A: Markus: We have talked to other communities about this as
well. | think what we could do is look at a coastal survey and
get information from the communities as to when a good time to
do survey. We could potentially do a survey in
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September/October. Manitoba does coastal surveys in the
spring and fall and | think that this would be a good idea for
Nunavut. Coastal surveys would be good to tell us what bears
are near the communities but we may miss females in dens or
already on the ice.

xiv)  Q: Jerome Misheralak: | think it's a good idea to do surveys in
WHB and then FB at the same time.
A: Markus: We need a lot of money and manpower to do that.
We don’t want to confuse the populations. But if we just wanted
to look at how many bears are near the communities, then that
might be possible.

Bert Dean: NWMB is going to have a public hearing on the
Management Plan in the fall, | think it's very important that these
issues be brought up at those hearings. Even working in Parks
Canada as they manage Wager Bay and could help with
surveys.

xv)  Q: Harry Aggark: My question is about the survival of the
COYs.
A: It's something that we have observed on our surveys. We
are noticing that cubs aren’t surviving and maybe males are
eating cubs.

Bert Dean: They are still handling bears in Wapusk and has
anyone asked whether they are still drugging cubs?

A: Markus: | would have to look further into that, but the ECCC
capture programme has been relatively small in recent years in
Manitoba.

xvi)  Q: Leonie —when is that Polar Bear Mgmt Plan meeting?
A: Bert — they haven'’t decided yet but as soon as NWMB does
know, they will let the HTOs know.

xvii)  Q: Leonie: When the public hearing happens is there the
possibility to have an elder, youth and middle age?
A: Bert: The reason why the public hearings were delayed is
that NWMB would only fund 6 representatives in each region.
Baffin has 13 seats and they were upset that all communities
weren’t invited so Baffin boycotted and Kivalliq supported them.

End of meeting: 19:20

Notes taken by C. Wray
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