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SUBMISSION TO THE

f . NUNAVUT WILDLIFE MANAGEMENT BOARD
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Nunavu

FOR

Information: Decision: X

Issue: Total Allowable Harvest (TAH) Recommendations for the Davis Strait (DS) Polar

Bear Subpopulation

Background:

The Davis Strait (DS) polar bear subpopulation is shared between Greenland,
Nunavut, Nunatsiavut (Newfoundland and Labrador) and Nunavik (Québec) (Figure
1). The last inventory study to estimate abundance was conducted between 2005-
2007, which resulted in an estimate of 2,158 + 360 bears (Peacock et al. 2013). The
DS polar bear subpopulation was considered stable at that time, but was displaying
lowered reproductive rates.

The Nunavut communities of Igaluit, Kimmirut, and Pangnirtung harvest from DS. The
current TAH for DS is 61 bears per year. This TAH was set under the Flexible Quota
System (FQS) at a 2:1 harvest sex ratio. The average harvest between 2012/2013
and 2021/2022 was 42 bears per year (Figure 2). The lower actual harvest relative to
the TAH is likely a result of reduced market value of polar bear hides. The harvest limit
in Labrador is 12 bears per year, with no mandated harvest sex ratio. There is no
mandatory harvest reporting in Quebec; harvest numbers are approximated based on
tags issued for hides that are sold.

The population data were out-of-date, and a new study was needed to assess the
status of this subpopulation. Following community consultations during 2016, a new
2-year study began in 2017. The method used for this study was the less-invasive
genetic mark-recapture DNA-biopsy sampling. The new study was conducted
between 2017 and 2018 (Dyck et al. 2021).

Alongside scientific monitoring, an IQ study on the health, abundance, and distribution
of polar bears in DS was conducted with Hunter and Trapper Associations (HTAs)
from Pangnirtung, and Kimmirut, and Government of Nunavut, Department of
Environment (GN ENV) collaborators at Environment and Climate Change Canada
(ECCC) and the University of Calgary (Tomaselli et al. 2022). Initially, it was planned
to have both individual and group interviews in person, however, the COVID-19
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pandemic prevented local in-person meetings for group interviews in Pangnirtung
only. As a result, there were 14 participants individually interviewed in Pangnirtung,
21 participants individually in Kimmirut, and 4 group interviews in Kimmirut.

Current Status:

e Thefinal report and results for the 2017-2018 study are available and were distributed
to all relevant co-management partners in May 2022. The new abundance estimate
of 2,015 bears is slightly less than the estimate from the last study in 2005-2007 in
which abundance was estimated at 2,158 (Dyck et al. 2021).

e This corresponds with the Nunavut management objective to slightly reduce the Davis
Strait subpopulation which was part of the rationale to increase the total allowable
harvest from 46 to 61 bears in 2013.

e Population growth between 2006 and 2018 was 0.989 which corresponds to a 90%
probability that population growth was <1 and thus the population did not increase
over this period.

e Body condition of bears was better in 2017-2018 compared to 2005-2007; in both
study periods bears, on average, were not in poor condition.

e Reproduction was similar in 2017-2018 compared to 2005-2007, although
reproduction remains lower than neighbouring subpopulations, such as Baffin Bay.

Consultations:

In-person community consultations with relevant representatives from DS Hunters and
Trappers Associations (HTA) were held between May 8-11, 2023. Consultations included
discussions around the results of the scientific study and the IQ study and how both
contributed to knowledge on DS polar bears. HTA members agreed generally with the
findings of the reports, although the scientific polar bear abundance showed a decline,
whereas, 1Q showed an increase. It was noted that these differences are likely due to
differences in spatial coverage, perspective (i.e., snowmobile vs. helicopter), and
timeframe (1970s-2019 vs. 2005-2018). GN ENV staff sent discussion questions
regarding TAH recommendations to HTAs after the consultations. To date, no HTAs have
sent feedback. Staff from Nunavut Tunngavik Inc., Nunavut Wildlife Management Board,
and Qikigtaaluk Wildlife Board (QWB) also attended several meetings (see details in DS
Consultation Summary Report by GN ENV).
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Recommendations:

1. ENV recommends no change to the current TAH of 61.

These recommendations were derived by taking all available information into
consideration. Particular comments are as follows:

a) Although a TAH of 61 was put into place at a sex selective ratio of 2:1, our
recommendation of a TAH of 61 would be at a ratio of 1:1 under the Harvest
Administration and Credit Calculation System (HACCs). Since HACCs began, the
average female proportion of harvest in 2019/2020 until 2021/2022 was 30.1%.
Females have been underharvested relative to the annual recommended quota by
approximately 38.2% on average during 2017/2018 — 2021/2022 time-period. This
is similar to the 2:1 ratio, but allows Inuit to harvest up to 1:1 if needed.

b) The recommended TAH keeps in mind that the previous management objective
was to slightly reduce the DS subpopulation, while maintaining a viable polar bear
subpopulation, and that the ecosystem of which DS bears are an integral part of
continues to undergo change due to climatic changes. Setting DS harvest levels
too high increases the risk for biological decline or depletion in DS.
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Figure 1. Overview of Nunavut polar bear subpopulations (DS = Davis Strait, BB = Baffin Bay).

Page 4 of 5
NWMB RM-001 2021



70

60

50

40

30

20

1:1 Ratio

10

€c0¢-1e0c
T¢0¢-0¢0¢
0¢0¢-610¢
610¢-8T0C
810¢-LT0¢C
£L10¢-9T0¢
910¢-ST0C
ST0¢-vT0¢C
710¢-€10¢
€10¢-¢T0¢C
¢10¢-1T0¢C
T10¢-0T0C
0102-600C
600¢-800¢
800¢-L00¢
£00¢-900¢
900¢-500¢
S00¢-700¢
700¢-£00¢
€00¢-¢00¢
¢00¢-100¢
T00¢-000¢

Average

Harvest

TAH

Figure 2. Overview of the Davis Strait polar bear Total Allowable Harvest (TAH), actual and

average harvest since 2000. The harvest sex ratio was changed to 1:1 in the 2019-

2020 harvest season.

Page 5 of 5

NWMB RM-001 2021



RE-ESTIMATING THE
ABUNDANCE OF THE DAVIS
STRAIT POLAR BEAR
SUBPOPULATION BY GENETIC
MARK-RECAPTURE

FINAL REPORT-amended

May 18, 2022



Dyck, M., Dunham, K.D., Ware, J.V., Koons, D.N., Regehr, E.V., Hosmer, D.W.,
Derocher, A.E., Dale, A., Pisapio, J., and Szor, G.

Prepared for: Department of Environment

Box 209, Igloolik, NU, Canada X0A OLO



M. Dyck*

Department of Environment
Government of Nunavut
Box 209

Iglulik, NU

XO0A OLO Canada

*deceased

K. Dunham, Ph.D.

Postdoctoral Fellow

Nunavut Wildlife Cooperative Research
Unit (NUWCRU)

Department of Biological Sciences
University of Alberta
kdunham@ualberta.ca

J. V. Ware, Ph.D.
Department of Environment
Government of Nunavut
Box 209

Iglulik, NU

XO0A 0LO Canada
jware@gov.nu.ca

D. N. Koons, Ph.D.

James C. Kennedy Endowed Chair
Wetland & Waterfowl Conservation
Dept. of Fish, Wildlife, and
Conservation Biology

Colorado State University

Fort Collins, CO 80523-1474
david.koons@colostate.edu

E. V. Regehr, Ph.D.

Polar Science Center - Applied Physics
Laboratory

Box 355640

University of Washington

1013 NE 40th Street

Seattle, WA 98105-6698
eregehr@uw.edu

D. W. Hosmer, Ph.D.

Adjunct Professor of Statistics Department of
Mathematics and Statistics

University of Vermont

Adjunct Professor of Biostatistics

Menzies Institute for Medical Research University

of Tasmania

Professor of Biostatistics (Emeritus) Department of

Biostatistics

University of Massachusetts
128 Worcester Road

Stowe, VT 05672
dhosmer@umass.edu

A. E. Derocher, Ph.D.

Department of Biological Sciences
University of Alberta

Edmonton, AB T6G 2E9

Phone: (780) 492-5570
derocher@ualberta.ca

A. Dale

Torngat Wildlife, Plants & Fisheries Secretariat
Box 2050, Station B

Happy Valley-Goose Bay, NL, AOP 1EOQ
aaron.dale@torngatsecretariat.ca

S. McCarthy, (formerly J. Pisapio)
Forestry and Wildlife Branch
Department of Fisheries, Forestry and
Agriculture; Government of
Newfoundland and Labrador

Happy Valley- Goose Bay, NL, AOP
1EO

*current contact-
saramccarthy@gov.nl.ca

G. Szor

Biologiste MSc

Direction de la gestion de la faune du Nord-du-
Québec

Ministére des Foréts, de la Faune et des Parcs
951 boul. Hamel,Chibougamau, QC, G8P 273
Guillaume.szor@miffp.gouv.gc.ca



mailto:jware@gov.nu.ca
mailto:david.koons@colostate.edu
mailto:eregehr@uw.edu
mailto:dhosmer@umass.edu
mailto:derocher@ualberta.ca

Any views expressed in this report are solely the views of the authors. Mention of
any type of gear and equipment does not mean that it is endorsed by the
representative institutions of the authors.

Citation:

Dyck, M., Dunham, K.D., Ware, J.V., Koons, D.N., Regehr, E.V., Hosmer, D.W.,
Derocher, A.E., Dale, A., Pisapio, J., and Szor, G. 2021. Re-estimating the
abundance of the Davis Strait polar bear subpopulation by genetic mark-

recapture. Final Report, Government of Nunavut, Department of Environment,
Iglulik.



Table of Contents

1. EXECUTIVE SUMMARY (ALL LANGUAGES) ...ooiiiiieieicieieieeee ettt 9
ARG HUTEDE QLAGTEILNC ...t s e ee e 9
RESUME ...ttt sttt bbb 11
DD T o e L G > [ [ OO PROPRTRR 13
AULATSUILLAGET NAILLITITAUSIMANNINGA. ..ottt 15
EXECUTIVE SUMMARY ... e 18

2. INTRODUCTION. ....cuiitiitietieteeteetet et et et ete et e et e et et et eaeeteeteebeeteesesbessessessesseseeseesesbestesensensessessesesresan 20
Ry U Te AV Y =T RS 25

3. IMIETHODS ..ottt sttt ettt ettt et aesessese et ese st eneebese et eneebaneesensesaneesensesessesesens 26
Y=Y 0] ] L= PR 26
FIEld COIBCLIONS. ..coneeeieeeeee ettt sttt et sb e sbe e et et e e sbeesbeesanenas 26
Recovering previously marked bears through harvest...........ccccoviiiiiiiicccic e, 29
Recaptured bears from past subpopulation study ..........ccccveiiieiiiiiiciiee e, 30
N TaaY o LI o £=] oF: [ =L (o] o [P 30
GENELIC ANAIYSIS 1eeeieiiee et e e et e e st a e e et b e e e e atbaeeearaeaeean 30
SUNVIVAlL @NAIYSIS ..vviiiiiiiii ettt et e e et e e e st e e e st e e e essbaeeeessseeeessnseeeeennseeesennsenas 31
(D) = 6e] | F=Tot i oo H U TU P TOP U TR RPPPTUSUPRRPON 31
Hierarchical MOdel STFUCTUIE ....c..uo ittt s s 32
Parameterization ..ot 35
Environmental CONAItIONS .....cc.eiiiiiiiiiiceeeeee e 38
Model implementation, fit, and evaluation..........cccooeciiiiieiii i, 40
Supplementary sUrVival @NalySES.........ccuciiiiieciiie e e e ab e e e raaeaean 41
Y=Y 0T o o [ Toxu o o SR USURRRN 41
ADUNAANCE ...ttt ettt e b e s bt sat e st ebe e sbe e sheesaeesabeebeenbeens 42
2 ToTe LY A€o Yo Ve 1 To T s P PSPPSRt 43

. RESULTS .ottt sttt ettt etk ettt st e st e st et e st e b e st et e s eb et et et e b et ese s eseneenessens 45
GENEIAl OVEIVIEW ...ttt ettt e st e e st e st et e st e e s b e e snne e sabeeeneeesareeennnes 45
SaMPIES EXAMINE .. ... e e e e e e e e e s st e e e e e e e e ssabsteeeeeaeessannnnareeeeens 46
SUIVIVAL ..ttt sttt sttt e b sae e et e bt e sb e sbeesanesane s r e e reenes 47
ADUNGANCE ..ottt st sttt et e b e sae e s sane s bt e ne e neenes 48



Y=Y oY o o [ Toxu o o PP USSPRRNE 49

[2TeTe LY Aol oo L1 4 Te Y o U P UPPTPRPPNt 49
5. DISCUSSION ..utiiieiiteiietetste e eteeete s te et e s te e ese e esesaesessesessesessesesseneaseneeseseebeneesensesensesensesessesesens 50
LCT= o <] - | P PP P U P PO USTPPRP 50
ADUNGANCE ..ttt e sab e st e s bt e e st e e s be e e sbteesbeeesabeesabeesneeesareeanns 50
SUIVIVAL .ttt ettt e sttt e st e e st e s beeesabe e e sateesabeeebbeesabeeessseesabeesnaeesareeanns 51
20T o oo [V Toru o s TSP URSPRNt 56
2 ToTe LY A oleY g Vo L] o o PP SPROt 58
6. MANAGEMENT IMPLICATIONS.....cueteuiietieeteeeteseetestesessesessesessesessesesseessesessenessensesessesensesessesensenes 58
7. ACKNOWLEDGEMENTS.....otctiitieteetieteeeeeteeteeeteeteeeeeeteeteesesteesesseeasenbeeteesseeseessesseessensesteessenseensenns 60
8. LITERATURE CITED .uocuietiititeteieteeteeteeteetestesteetetesseseeseesestessestessessessessesseseesessessessesensensesseseesessensan 62
9. FIGURES AND TABLES ..ottt et ettt et ettt et eteeteeteete et e s e s e s eseeseeteetesbessensensensessenseseerenan 73

Figure 1. The Davis Strait polar bear subpopulation (blue outline) with different jurisdictions
in shades of gray (Newfoundland and Labrador [Nunatsiavut], light gray; Nunavut, dark gray;
Québec [NUNavik], Medium Bray). .....cceecieeiieeecie et et ee e sre e e ree e s te e e aaeesare e saraeennns 73

Figure 2. Sampling (blue triangles) and harvest (red circles) locations for Davis Strait polar
bears where coordinates for both events for the same individual bear were available (n =
163). Green lines indicate subpopulation boundaries...........cccoeeveeieecieececciee e, 74

Figure 3. Sampling locations by field season (blue = 2017; purple = 2018) within the Davis
Strait polar bear study area (Note: the sampling stratification for the coastline shown by
black lines, the 10km and 30km strata are also indicated). Inset: Davis Strait subpopulation
area in CoNteXt Of Canada. ....ccciiiiiiiiiie ettt st et sb e e nars 75

Figure 4. Overview of bear observations and helicopter paths flown in search for polar bears
in Davis Strait during August - October 2017 and 2018. Inset: Davis Strait subpopulation area
(red) in conteXt Of CaNaa. ......cciieiviiiieiieee ettt e e e et eeeare e e e eeareeeesareeeeenes 76

Figure 5. Estimates of annual survival rates for Davis Strait polar bears by age class. Light gray
squares and dashed lines are the annual means and 95% Bayesian credible intervals for
offspring (cubs-of-the-year and yearlings). Dark gray triangles and dotted lines are the annual
means and 95% credible intervals for subadult polar bears (males: 2-7 years, females: 2-4
years). Black circles and solid black lines are the annual means and 95% Bayesian credible
intervals for adult polar bears (males: 8+ years, females: 5+ years). Using combined capture-
recapture-recovery data, we estimated survival in all years for adult polar bears; however,
estimates of survival for younger age classes were limited to years following releases. ........ 77

Figure 6. Estimates of annual recapture probability of Davis Strait polar bears by age and sex
class. Capture-mark-recapture data were collected intermittently, and recapture probabilities
were estimable for only four years across two sampling periods. Light gray squares and



dashed lines are the annual means and 95% Bayesian credible intervals for subadult polar
bears (males: 2-7 years old, females 2-4 years old). Dark gray triangles and dotted lines are
the annual means and 95% Bayesian credible intervals for adult females (5+ years old) and
offspring (cubs-of-the-year and yearlings). Black circles and solid lines are the annual means
and 95% Bayesian credible intervals for adult male polar bears........cccccoveeiviieeicciiee e, 78

Figure 7. Estimates of abundance for the Davis Strait subpopulation of polar bears. Black
circles and dashed lines represent the mean and 95% CRI derived from recapture
probabilities using multistate live-capture dead-recovery models. Point estimates and
credible intervals are shown for 2006, 2007, 2017, and 2018 only because those were the
only years in which recapture probability were estimable due to intermittent sampling. The
red circle and dashed lines represent the mean and 95% confidence interval of abundance
estimated for the period of 2005 - 2007 and reported by Peacock et al. (2013) for
(olo]0 4] oF- | 41101 o PO PP PP PP PPN 79

Figure 8. Predicted probability £ SD of bears being classified in poor body condition in the
early sampling period (2005 - 2007) or the later sampling period (2017 - 2018). .......ccuuu...... 80

Figure 9. Predicted probability + SEM of bears being classified in good body condition for
each reproductive age class as a function of the number of days between sea-ice retreat and
when the bear Was SAMPIEA. .......ooi i e e e e e e e arae e e e eareeas 81

Table 1. Number of live observations (black, captures & recaptures) and dead recoveries
(gray, in parentheses) of individually identified polar bears in the Davis Strait subpopulation
used in survival estimation. No marked cubs of the year (COY) were harvested in our data set.
However, there were a total of 9 marked bears harvested as yearlings (1.5 years old) prior to
becoming subadults (at 2.5 Years 0ld).......cccueeviieecieiiie e e 82

Table 2. Sequential model selection for Davis Strait polar bear survival and encounter
probabilities based on information criterion (WAIC) to address our primary objective of
identifying temporal patterns in SUMVIVal..........ccccviiii e 83

Table 3. Parameter estimates from the top model for Davis Strait polar bears with data from
2005 - 2018 (model M2; Table 2). Demographic parameters are reported as the mean,
standard deviation, and 95% Bayesian credible intervals (CRI) on the probability scale.
Temporal variance is reported on the logit scale. ......ccceeeieiiiiiciii e, 85

Table 4. Recapture probability metrics for each year and each recapture age-sex class. (LCRI =
lower Bayesian credible interval, UCRI = upper Bayesian credible interval)........cc.ccccccuveen. 86

Table 5. Abundance estimates from our model (2006-2018) and average estimate over 2005-
2007 from Peacock et al. (2013). In 2017, surveys were not conducted on Edgell and
Resolution Islands. In 2018, surveys were not conducted on Edgell and Resolution islands or
in an area around Loksland. Abundance estimates were subsequently adjusted for these
incomplete surveys (see Methods for details; CRI = Bayesian credible interval)..................... 87

Table 6. Annual numbers of litters and mean litter sizes (LS) of cub-of-the year (COY) and
yearling (YRL) litters encountered during the capture-recapture studies in Davis Strait......... 88

6



Table 7. Ratio of the number of cubs-of-the-year (COY) to adult females (ADF), the number of
yearlings (YRL) to adult females, and the number of adult females with cubs-of-the-year
(ADF_COY) to adult females in the subpopulation. ..........ccccuieiieiiie e 89

Table 8. Number of polar bears classified in each category of body condition index (BCl) in the
Davis Strait subpopulation 2005 - 2007 and 2017 - 2018. Poor BCI corresponds to a thin bear
(BCl of 1 or 2) and Good BCl corresponds to a fat/obese bear (BCl of 4 or 5). Age classes are
adult (25 years) and subadult (2 = 4 YEAIS). c.ueecceeeiiee e ecieeceeerre s e et eeare e e eraeennes 90

Table 9. Fitted multinomial regression model parameter estimates (reference level =
“poor”/BCl = 1 or 2, intercept represents adult independent females in 2005 - 2007 sampling
period) for body condition index analysis of the Davis Strait subpopulation. See Methods for
Variable definitioNs. ... ee e s e nareeas 91

Table 10. Reported mean harvest for the Davis Strait (DS) polar bear subpopulation by
jurisdiction between 1999-2008 and 2009-2019 [Numbers represent mean * standard

deviation (range); NU = Nunavut, NL = Newfoundland and Labrador, GL = Greenland]. ........ 92
10.SUPPLEMENTARY MATERIALS .....cuvitiitieteeteeteeteteteeeteeteeteeteeteetesessensesseseeseesessessessensensenseseeseereesas 93
SUPPIEMENTArY METNOAS ....eeiiiiiieeecee e e e e e e e s e ab e e e eabae e e eenneeas 93

Table SM1. Parameters, their definitions, and prior distributions used in a multistate model
for Davis Strait POlar DEAIS. .....cc.uieiieee e 93

Table SM2. Point estimates of total survival (includes natural and harvest mortality) from
capture-recapture studies for polar bears. These values were used to generate informative
priors for survival in a multi-state capture-recapture-recovery model for polar bears in Davis
Strait. Further details on their use in the main text (Methods — Model implementation, fit,
selection). Table adapted from supplementary table S3 in Regehr et al. (2018)..................... 94

SUPPIEMENTANY RESUILS .ooeeiiiiiciiiee ettt e e et e e e s aee e e e sabe e e e e nabae e e enbaeeeenaseeas 96

Table SR1. Results of a prior sensitivity analysis comparing parameter estimates from Model
M2 initialized with informative priors for adult and subadult survival compared with
estimates from Model M2U initialized with uninformative (uniform) priors for adult and
subadult survival. Model M2 includes the best fit model structure for survival, recovery, and
recapture probabilities without environmental covariates. Demographic parameters are
reported as the posterior mean, standard deviation, and 95% Bayesian credible intervals
(CRI) on the probability scale for averages over time. Temporal variance estimates are
reported 0N the l0Git SCAE.... .. e e e e e neees 97

Figure SR1. Density plots of uniform (uninformative; gray line) and Beta (informative; blue
line) prior distributions for subadult and adult polar bear survival developed using the mean
and standard deviation of the mean across previous polar bear survival studies following the
approach of Regehr et al. 2018 (see also Table SM1 and Table SM2)..........ccccoveeeiiiireeccnneennn. 98



Figure SR2. Posterior distributions of subadult and adult survival from multistate model (M2)
initialized with either uninformative (Uniform (0,1); gray line) or informative (Table SM1; blue
line) priors for Davis Strait polar bear capture-recapture-recovery data...........ccccceeeeeciveeennnns 99

Additional analysis — time constant and fixed effect models ..........ccoovveeeeiiiiiiiiiiieeneeee 100

Table SR2. Parameter estimates from the top model for Davis Strait polar bears with data
from 2005 - 2018. Demographic parameters are reported as the posterior mean, standard
deviation, and 95% Bayesian credible intervals (CRI) on the probability scale for averages over
time. Temporal variances are reported on the logit scale........cccccevvcieiiinciei e, 100
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drdoMegs L*al® sbb>ahPNo,

RESUME

Au cours des dernieres décennies, les changements climatiques dans I'ensemble de
I'Arctique ont modifié I'habitat de I'ours blanc (Ursus maritimus) a un rythme sans
précédent et d’autres changements sont attendus. Afin d’aider a conserver des sous-
populations durables d’ours blancs en tant que partie intégrante de I'écosystéme et
pour assurer la disponibilité continue d’une ressource de subsistance pour les Inuits,
des recherches scientifiques et des suivis des populations sont réalisés afin d’évaluer
I'état des sous-populations et de déterminer si les objectifs de gestion sont atteints.
Nous présentons ici les résultats de I'étude récemment menée sur les ours blancs de la
sous-population du détroit de Davis (DD). Nos analyses ont porté sur des échantillons
génétiques prélevés par biopsie en 2017 et 2018, les données de captures vivantes
recueillies de 2005 a 2007 et les données de récolte obtenues chaque année de 2005 a
2018. L’abondance estimée pour la période 2017-2018 était de 2 015 ours (écart-type
[ET] = 251; intervalle de crédibilité bayésien [ICR] de 95 % 1 603 - 2 588). L’abondance
estimée pour la période 2006-2007 était de 2 250 ours [ET = 133 ; ICR 1 989 - 2 512]. A
titre de comparaison, Peacock et coll. (2013) ont estimé I'abondance pour la période
2005-2007 a 2 158 ours [intervalle de confiance (IC) de 95 % = 1 833 — 2 542]. Il est
important de noter que nos estimations pour la période 2006-2007 se situent dans les
intervalles de confiance rapportés par Peacock et coll. (2013) pour la période de 2005 a

2007. La moyenne géométrique de la croissance démographique entre 2006 et 2018
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était de 0,989 (ICR de 95 % : 0,974 - 1,010), ce qui correspond a une probabilité de
0,896 que la croissance démographique soit <1, signifiant que la population a donc trés
probablement diminué (par au moins un ours) au cours de cette période. Entre 2006 et
2018, le gouvernement du Nunavut a modifié I'objectif de gestion de cette population
afin de réduire son abondance. Ainsi, la récolte annuelle moyenne déclarée par
'ensemble des juridictions combinées est passée de 64,1 + 10,1 (ET) ours/année entre
1999 et 2008 a 86,8 + 23,6 ours entre 2009 et 2019. Notons également que le quota a
été augmenté a Terre-Neuve-et-Labrador, passant de 6 a 12 ours au cours de notre
période d’étude. L’'absence d’obligation de déclaration des récoltes pour la partie
guébécoise du DD crée toutefois une incertitude quant aux niveaux de récolte totaux
pour 'ensemble de la sous-population du détroit de Davis. Le recrutement moyen
d’oursons de I'année (nombre d’oursons de I'année par femelle adulte) a varié entre
0,23 et 0,45 et le recrutement moyen de jeunes d’'un an (nombre de jeunes d’un an par
femelle adulte) a varié entre 0,23 et 0,41, ce qui semble suffisant pour soutenir la sous-
population. Nous n’avons pas trouvé de preuve indiquant une différence entre le taux
de survie des oursons de I'année et celui des jeunes d’un an ou indiquant un taux de
survie spécifique au sexe pour aucun groupe d’age. Nos taux de survie moyens étaient
de 0,794 (ICR a 95 %; 0,723, 0,861) pour les jeunes dépendants de leur mére, de 0,873
(ICR & 95 %; 0,826, 0,914) pour les subadultes indépendants et de 0,876 (ICR a 95 %;
0,853, 0,892) pour les adultes, ce qui est inférieur a ce qui avait été rapporté
précédemment par Peacock et coll. (2013) mais se situe dans leurs intervalles de
confiance. Nous n‘avons pas trouvé de soutien pour une relation entre la survie et les
différentes variables environnementales (par exemple, les parametres de glace de mer,
les indices climatiques, I'abondance des phoques). Notre analyse de I'état corporel a
indiqué que les ours étaient moins susceptibles d’étre en mauvaise condition physique
pendant la période 2017-2018 par rapport a la période 2005-2007. En 2017 et 2018, les
males adultes et les femelles adultes indépendantes étaient en meilleure condition que
les subadultes et les femelles accompagnées de jeunes dépendants. Etant donné que
le marquage-recapture génétigue par fléchette a biopsie était la seule méthodologie

utilisée au cours de cet inventaire et que la télémétrie satellitaire n’a pas été utilisée,
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nous n’avons pas été en mesure de déterminer s’il y a eu des changements au niveau
de l'utilisation de I'habitat ou de la distribution spatiale au fil du temps.

Cette étude constitue la deuxieme évaluation structurée de I'état de la sous-
population du DD entre 2005 et 2018. De grands écarts entre les prises de données
(c’est-a-dire I'intervalle de temps entre les études successives) peuvent contribuer a
une plus grande incertitude et a un biais potentiel dans les estimations des taux vitaux,
tel que la survie, et certains paramétres ne peuvent pas étre estimés lorsque I'age des
ours n’est pas déterminé au moment de I'échantillonnage sur le terrain. Néanmoins, la
disponibilité d’'un vaste ensemble de données provenant d’'une étude antérieure,
combinée a l'information obtenue a partir des ours récoltés et des échantillons
génétiques obtenus par biopsie, nous ont permis d’estimer des taux démographiques
de base. Les analyses d’évaluation des risques liés a la récolte représentent un outil
analytique relativement récent qui examine I'impact démographique de différentes
stratégies de récolte tout en considérant la précision des données disponibles pour une
sous-population et les effets potentiels des changements environnementaux. A I'avenir,
une telle analyse des risques de différentes stratégies de récolte pourra étre réalisée
pour la sous-population d’ours blancs du DD a partir des estimés d’abondance et des

taux démographiques évalués par la présente étude.

> a4 DN CPNCH e

<qCJo CecLP>¥Da NDo- A~ Do, P P>< Kp<<do™L DP>COLI boA—> LA SPLI®
a A< (Ursus maritimus) a L A'LA<LNJS o D>PYD>PLY M Dot UL 5<% <L P20
PN oL onD>acPo. Ab¥PILEANC ba D>< bNLAJANDS AcTan<IbSe-*MNJC
Ac P> o PHBNC o DLYAS APSD 5 <L AbAS o PrA™e Cod<d AYDSby > PNUJL S,
AIA4TS 5 AL > ASAJF*a 0 B> bD® BAP<SANS o oA bNLAC b oA LM <L >
<> Yoo DEIC AYD><ULC. Clo, DNNPYIC b>ANSa 0 DPPYD>PLYa® b be?NC>PLYC

a oA bNLAS b>ANCP>o-*M< C_5PNI A Davis Strait-I. PIPo->< Ac b >I® pa d&©
AcCSa>N*NJS B>CDGENCHNe bNSACD>PLYAG 2017-T <-L_> 2018-I, >LNNe
B>MGNCC>HCIAGE 2005-T< 2007- 1, <L 5 D>LIC>YaG< >d“CP>NMC
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DPY>NNChoSo-C > CP>PLANE <ISGICLE 2005-T< 2018-1. FN>RAPE D> oSa-—de < 2017-T€
2018-1° 2,015 a. oA (PNYJNDA=o< D" Standard Deviation [SD] = 251; 95% Bayesian
Credible Interval [CRI] 1,603-2,588). F<\>hSANC > o< 2006-2007-T 2,250 [SD = 133; CRI
1,989 - 2,512]. >DG>CP>NMS, Peacock et al. 2013 FEN>RSYLIC > o561 2005-2007- 2,158-
JNJ [95% Confidence Interval (CI) = 1,833-2,542]. AlLn>2, FN>LAAPN—<IndLy>< 2006-T'<
2007-1¢ a'LPLNC A<dgo < confidence intervals DN CP>NPLY M+ o Peacock et ak. 2013
2005-2007-T. oa.o- a ¥SC*"NJ< bNLAS D>_o5¢LYC 2006 <'L_> 2018 <Id*o-*Lo- 0.989- o< (95%
CRI 0.974 — 1.010) C*d<I Ac*L¥< 0.896-1° Ac /L DA*an <6 DdaD>o*M o bNLAS APPNNAJ
<1 <Lo bNLAS AP-D>TYAGD>YN> o o (ICP>S Jo-C a0 1) Ctda.o <GJa-. 2006-2018-T,
0a.>C bl <PPIYLI® <ID>c_ P51 DL AP-cNSANS B> 50N bNLAS QL5 <ISGJCL®
a5 CP>cndo® DNNCD>ANE AYDPLIC A 30 0% I P DC>Y oS bNa*< D> oM <INNe
AP<EAD>NJ 64.1 + 10.1 (SD) @ 0A/<ISGJI 1999 - 2008 <Id*c-*Lo-< 86.8 + 23.6 <Id~c-*L.o°
2009 — 2019. b>P DT AC > a 05CP>J~a D D oSP<IC>NLNE gD><eD>¢ [ <L <D< 6-g
aoP*arLSN 12-0° aoP*a. D Ul B>I® B> biorNa-. C-oPNAC 6°CA o

a > oCP>Va* dV* DN 50 PY<IoD>AD> D%, UT*LLC b>ALa **MD® bNo-n-cnd* g
a*0US C=HPNIM A€ @ bAS b 5DAJa*MC. > oSacn ™S ASP>US <SG (COY)
B>APSC>INNE (>0 COY Do a v a o'Ln >0 AGCn4%) AT-H<ID& > 0.23-
[€0.45-1° <L D oSoen N QSGIEC (>0 <GJEC <D0 <o an'LAC)

AT H<IDE >N 0.23-T€ 0.41-1, a 'LDYN* o3 * ~aNYLyP*o00 < bNLAc™.

N> D>JNB > DIC AN o ot DLICRa Do *C COYs <L ISGJEC DR 50a-C
Lo Do T o IYC>oT o BLICP=a >PNMPJa M C B>o Mg bYDA~a o >P>EC,

>LJ*a A%A AT-5><IDdc >Yyre< 0.794 (95% CRI; 0.723, 0.861) da.al&*M~a D a o<PAS, ,
0.873 (95% CRI; 0.826, 0.914) Ac*d—D° a o'Ln**J<-—<I¥< <'L_> 0.871 (95% CRI; 0.853,
0.892) a.o'LAS, AP=a\C PUoT DNCP>NPLY Mo Peacock et al. (2013) PP<lo- A ><Ig-*M=a /N
BboA* L DY AT C. CdeD>¥**"DJ b>rJN-cn T BLLAI N> M=o L5 DLARAC
boA* LT o bCDTIL>NbSo Mg (>DNe CAl>< /I*LC PADG*S, P B>< ADL,

a 5P ML), boA*Lo =g PIPaNIC a bAS NITIC Ad =g ND>PLa* >a* 2017 -
2018-T B>CDNreAre 2005-2007-Ta"UC. 2017-T <L 2018-T, a.0'LA S <3N <L AT o5 D¢
<o an'LAS AP KDL a oln*U<-c<INaTC <L <fa.o® AT P>DoC. ANy bPNoC
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FEN>RSCD> by~ P> @ bAS a 5>oC>BCM<<C pal €D >DGGHNCNLNEC.
Lo<NoJ, DA > M A€ DPPB>NNCIANE APLYC PG T b>phSarar, Ac b
DPYD>NNG* >JCPPLYo* o> 0D4o 0 <AL ASY?INNIC Ac**P<INA>ND>ILYo
a5 DACLDNE >N FND>RRPNG? D**LADNPLIC sal bN1AC D> oS Mg
aPoCP>o NI a*oCP>¥o* DPYNES AALPYD>NLNS & tLa SPLI=a >N IDAoC bNLdAa*
DPYB>NNE <L b oA *LC>PYLDAan b5 a ¢ *"C I/ Pad*M o bTaC>LE AN
PrPPN><ANE Na PN>LC LodJCD>J*a Nt DPY>NNa® bal>< boA Do o°
boA**LC>PLa 0 a o ¢D>AD>Ja. D <SPAC>ILINNJIC. P> I<IINPP< e,
aPoCP>o*MPNJE DPPNSG* be?NC>J=a D% C5PNIM o Ac Ny a <ID5 M MEND>APND>PLIC
PNCD>IL>NM AT <L D oSa-*PNJS LayD>PLSDNJIC D<ol b So D> D=,

AULATSIIILLAGET NAILLITITAUSIMANNINGA

MannaKammik jarini, silak asianguvallianinga nanituinnak Ukiuttattumi
asiangutitsisimavuk nanunik (Ursus maritimus) inigiKattajanginnik nigiunangitunik
sukkanigijanginnik ammalu suligok asianguvallialangajuk. lkajugasuagiamut
tigumiagiamullu nanunik ilangagijaulluni avatimmik ammalu atuinnaunginnaniammata
niKitsagijaulluni piviannatolluni ilingajunut Inutuinnanut, Kaujisattilagijet Kaujisannik
ammalu kamagigiangit Kaujisannink suliagijauKattavut Kimiggugiamut omajungita
nanekkomangammik ammalu aulatsigunnagiamut tugagutiliuttaujut
kamagijaugaluammangammilonnet. Tapvani, Kauijititsivugut allaKutimmik
Kaujijausimajunut mannaKammik suliagijausimajunut omajunut Kaujisattausimajunut

nanunik iniKajunut Davis Ikagiapvingani (DI) nanuKutigijanginnik. Kaujisimajavut
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ilautitsivuk timinnint tigusisimavugut ottugattaugajattunut tigujaulauttunut jaringinni 2017
ammalu 2018, omatlutik-tigujausimajut Kaujigatsait katitsutausimavut 2005 - 2007,
ammalu katitsutausimajut Kaujigatsait katitsutauKattasimavut jari tamat 2005 - 2018.
kititangit unuttotigijunut ilingajunut 2017 - 2018 imailingasimavut 2,015 nanuit
(Ajunnangitumik Avittutausimajunut (AA) = 251; 95% Bayesian Credible Interval [CRI]
1,603 - 2,588). kititangit unuttoningit ilingajumut 2006 - 2007 imalingasimavut 2,250 [SD
=133; CRI 1,989 - 2,512]. Atjigengitonnik, Peacock et al. 2013 kititangit unuttoningit
ilingajumut 2005 - 2007 omani 2,158 [95% Confidence Interval (Cl) = 1,833 — 2,542].
IkKanaluattumut, uvagut kitisimajavut ilingajumut 2006 - 2007 jaringinni katasimavut
iluani Kaujimajautsiatunut kitijausimajunut allakutingatigut tapsumunga Peacock et al.
2013 ilingajumut 2005 - 2007 jaringinni. Una taijaujuk Geometric tukiKajuk omajungita
piguvallianingit akungani 2006 ammalu 2018 imailingasimajuk 0.989 (95% CRI 0.974 —
1.010) tamanna malitsiajuk ominga 0.896 piguvalliaKosimajunut ununningit
imailingasimajumut <1 ammalu omajugijangit ikilliumisimakKotut
Kangivalliasimanninganik. Jaringita 2006-2018, tainna kavamakkut Nunavummi
omajunik ammalu tukigijangita jari tamat allaKutingit katitsutauKattajunik ilonnanginnik
pitsatuniKajunut katiutigillugit puttusimavuk pisimajumit 64.1 £ 10.1 (AA) nanuit/jaringa
akungani 1999 — 2008 tikijumut 86.8 + 23.6 akungani 2009 — 2019. KaujimakKujigivugut
taikkua tigujausot puttugiasimammijut Newfalami ammalu Labradorimi pisimajumit 6
nanunnik omunga12 nanunnut iluani Kaujisasimaniagatta. MaligatsaKalungilak
katitsuigunnagiamut ilingajumut Quebec ininganik iniKajunut DI iningini, sakKititsijumik
nalunattumik ilinganiKajumut ilonnanginnik kititanik pijausonik iniKajunut Davis
Ik&giapvingani nanugijanginnik iluingajunut. TukiKajuk piagait jarimi tigujausimajut (PT)
(numarangit PT atunik analunnut pisimajumajunit 0.23 tikijumut 0.45 ammalu tukiKajuk
piaganik tigujauKattajut (numarangit piagausimajut atunik annalunnut) pisimajuk 0.23
tikijumut 0.41, sollu ndmmalungituk omajugijauKatigijaujunut. Kaujisimavugut
ikajutsitaulungituk atjigengitojunut omajunut akungani PT ammalu piagausimajunut
upvalu Kanuittoningit omaluasimajunut ammalu Katsinituinnak jariKajunut. Tamanna
tukiKattisijuk ununnigijangit omaKattajunut imalingasimavut 0.795 (95% CRI; 0.723,
0.861) piaganut, 0.873 (95% CRI; 0.826, 0.914) taikkununga immigolingajunut
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pigugesimajunut, ammalu piguKataugiallasimajunut, ammalu 0.871 (95% CRI; 0.853,
0.892) pigugesimajunut, taikkua ikinnisausimajut sivunganinit Kauijititauniammat
allaKutimmi iluanit Peacock et al. (2013) tavatuak iluanettitauvut Kaujimajautsiatunut
kitijausimajunut. Ammalugiallak, sukkaninga sikuk nunguvallianinga piujogunnaininga
malitsiatigivuk taikkununga pigugesimajunut omagunnagiamut () iluani omajunut
ikilliumiliaKijunut jarini Kangatuinnak sikuk nunguvallialimmat (upvalu auvallialimmat)
tapvainauluatlatumik., ilautillugit tamapsuminga kamagijausimajunut kititausimavut 50%
taikkununga Kangaulimmat atjigengitoKattajunut (jarimit jarimut atjigengitonnningit)
pigugesimajut omaKattaningit. Tamakkua kititangit attuininga sukkajonninganik sikumit
nunguvallianinganik taikkununga pigugeKatausimajunullu piungitosimammijuk tavatuak
ikinnisamik malitsialugani (). Timigijavut piusinga Kimiggutausimajunut
nalunaitsilaukKuk taikkua nanuit piungitualosimajut timingit jaringinni 2017 — 2018
atjigengitojunut taipsumaniusimajumut 2005 — 2007. Jaringani 2017 ammalu 2018,
angutialuit ammalu immigolingajut pigugesimajut annaluit piunitsaulauttut timingit
taikkunangat annanut piagaKajunut. Silak asianguvallianinga akunin
ulugianattumettisivuk taikkununga nanunnut ammalu iluani DI omagiamut
attutaulaukKut iinganiKajumut sukkajonninga sikuk auvalliajumut nalunaitsijumik
nanuKutet piungitumik attutaulattut kajusiutigijaumut sikumik asiujivalliagatta. Tigusitluta
Kanuittoningit-tigusigiallagatta petsitluta timinginnit kapputinnik atutluta tainnatuak
atulauttavut Kaujisagiamut ammalu satilaittikut Kaujisalaunginatta,
Kaujigunnalaungilagut inigijauKattajut atuttauKattajut

asianguvalliasimagalaummangallonet Kangivalliatillugu.

Tamanna Kaujisannik kiggatuvuk aippanganik tungavigijausimajumut nunannik
omajunginnik Kaujisannimik akunganit 2005 ammalu 2018 ilingajumut DI omajunginnik.
Aulatsijet ammalu asigiallait sivukkatet Kaujimagialet angijualuk Kaujigatsait
amigagijauvut (sollu., Kangaulimmat akungani kajusiutigijautsiaKattajunut Kaujisannet)
tunitsigajattuk Kaujimajaugengitunik pimmagittunik sukkajoningit, sollu omaKattajunut,
ammalu inigijangita Kaujijaugunnangitut taikkua nanuit jaringit Kaujijaungimata nunami
Kaujisagasualimmata. Tamannaugaluatluni, atuinnauningit anginitsait Kaujigatsait
pisimajumit sivunganit Kaujisattausimajunut, katiutigillugit taikkununga

katitsutausimagettunut nanusimajunut ammalu timinginnit tigujausimajunut
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pivitsaKattisisimavuk uvattinik kititsigiamut ajunnangitunik inigijauKattajunut.
Katitsuigiamut ulugianattuk Kimiggutaunninga (KUK) mannaKammiuvuk Kaujijausimajut
atuttausongutluni siumagijautitsijumik atjigengitunik katitsuigunnagiamut atagut
atjigengitojunik avatimit piusigijanginnik ammalu Katset katitsuiKattajut ulugianattojunut.
Sivuppiagasualluta, taikkua Kaujisagiamut atuttausot atuinnauvut taikani DI

omajugijanginnik aulataugiaKakKotunik pitsatunigijaulluni ippiniappata

EXECUTIVE SUMMARY

In recent decades, climatic changes across the Arctic have altered polar bear (Ursus
maritimus) habitat at unprecedented rates and further changes are expected. To help
retain viable polar bear subpopulations as part of the ecosystem and to ensure
continued availability of a subsistence resource for Inuit, scientific research and
monitoring studies are conducted to evaluate subpopulation status and whether
management objectives are being met. Here, we report the results of the recently
conducted subpopulation study for polar bears of the Davis Strait (DS) subpopulation.
Our analyses included genetic biopsy samples collected in 2017 and 2018, live-capture
data collected 2005 - 2007, and harvest recovery data collected annually 2005 - 2018.
Estimated abundance for the 2017 - 2018 period was 2,015 bears (Standard Deviation
[SD] = 251; 95% Bayesian Credible Interval [CRI] 1,603 - 2,588). Estimated abundance
for the 2006 - 2007 period was 2,250 [SD = 133; CRI 1,989 - 2,512]. For comparison,
Peacock et al. 2013 estimated abundance for the period 2005 - 2007 at 2,158 [95%
Confidence Interval (Cl) = 1,833 — 2,542]. Importantly, our estimates for the 2006 - 2007
period fell within the confidence intervals reported by Peacock et al. 2013 for the 2005 -
2007 period. Geometric mean subpopulation growth between 2006 and 2018 was 0.989
(95% CRI 0.974 — 1.010) which corresponds to a 0.896 probability that subpopulation
growth was <1 and thus the subpopulation most likely declined (by at least one bear)
over this period. Through 2006-2018, the Government of Nunavut modified the
management objective to reduce abundance of the subpopulation and mean annual
reported harvest from all jurisdictions combined increased from 64.1 £ 10.1 (SD)
bears/year between 1999 — 2008 to 86.8 + 23.6 between 2009 — 2019. We also note
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that the quota was increased in Newfoundland and Labrador from 6 bears to 12 bears
within our study period. There is no mandatory harvest reporting requirement for the
Québec portion of the DS range, creating uncertainty related to total harvest levels for
the Davis Strait subpopulation. Mean cub-of-the-year (COY) recruitment (number of
COYs per adult females) ranged from 0.23 to 0.45 and mean yearling recruitment
(number of yearlings per adult female) ranged from 0.23 to 0.41, which appear to be
sufficient to sustain the subpopulation. We found no support for differences in survival
between COYs and yearlings or for sex-specific survival rates for any age class. Our
mean survival rates were 0.794 (95% CRI; 0.723, 0.861) for dependent young, 0.873
(95% CRI; 0.826, 0.914) for independent subadults, and 0.871 (95% CRI; 0.853, 0.892)
for adults, which are lower than previously reported in Peacock et al. (2013) but fall
within their confidence intervals. We did not find evidence for a relationship between
survival and any environmental variables (e.g. sea ice parameters, climate index, seal
abundance). Our body condition analysis indicated that bears were less likely to be in
poor body condition during 2017 — 2018 compared to 2005 — 2007. In 2017 and 2018,
adult males and independent adult females were in better condition than subadults and
females with dependent offspring. As genetic mark-recapture via biopsy darting was the
sole methodology used for the survey and because satellite telemetry was not
conducted, we were unable to determine whether habitat use, or distribution has
changed over time.

This study represents the second structured subpopulation assessment between
2005 and 2018 for the DS subpopulation. Large data gaps (i.e., time intervals between
successive studies) can contribute to higher uncertainty and potential bias in estimates
of vital rates, such as survival, and some parameters cannot be estimated when ages of
bears are not recorded during field sampling. Nevertheless, the availability of a large
dataset from a previous study, combined with information collected from harvested
bears and genetic biopsy markers allowed us to estimate basic demographic rates.
Harvest risk assessments that consider the precision of available subpopulation data
and the potential effects of habitat change are a relatively recent analytical tool that can
provide information on the demographic effects of a range of potential harvest

strategies. Moving forward, a harvest risk assessment could be performed for the DS
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subpopulation using estimates of vital rates and abundance provided by the current

study.

INTRODUCTION

Wildlife managers face complex decisions when seeking to address conservation
challenges against other societal priorities. Decisions and outcomes must be evaluated
periodically so that new information can be fed back into an adaptive management
framework (Holling 1978, Johnson 1999, Lancia et al. 1996). Accurate and up-to-date
estimates of subpopulation abundance are often a key component of informed
management decisions (Nichols and Williams 2006). Typically, new estimates of
abundance are acquired periodically according to a monitoring interval that is
determined by management objectives and species biology (Gibbs 2008). As climatic
changes affect many areas around the globe, shortened monitoring intervals may be
required to understand the concurrent effects of management interventions and
environmental change. Broadly, more frequent monitoring increases the probability of
meeting management objectives and reduces the severity of potential negative
outcomes (Taylor et al. 2007, Regehr et al. 2017a).

One species that has received significant monitoring attention is the polar bear
(Ursus maritimus Phipps 1774). Polar bears are characterized by having delayed
maturation, small litter sizes, and high adult survival rates (Bunnell and Tait 1981). They
are at the top of the Arctic food chain and as such may bioaccumulate environmental
contaminants (e.g., McKinney et al. 2009, 2011, Letcher et al. 2010, Fisk et al. 2009,
Derocher et al. 2003). As a circumpolar species that depends on the sea ice for hunting,
travel, mating, and in some instances denning (Amstrup 2003), sea-ice loss resulting
from climate change is predicted to impact polar bear subpopulations severely in the
future (Derocher et al. 2004, Amstrup et al. 2008, Stirling and Parkinson 2006, Stirling
and Derocher 2012, Durner et al. 2009, Atwood et al. 2016, Regehr et al. 2016). The
global polar bear population, consisting of 19 subpopulation units, is estimated to be

approximately 26,000 polar bears (Regehr et al. 2016, Wiig et al. 2015). Currently there
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is no empirical evidence for declines in global abundance due to sea-ice loss (Regehr et
al. 2016). However, accurate assessment of such changes is complicated by insufficient
data for many polar bear subpopulations (Durner et al. 2018), spatial and temporal
variation in the effects of ice loss, and the fact that some subpopulations have likely
recovered in recent decades from overexploitation prior to the 1973 Agreement on the
Conservation of Polar Bears (Larsen and Stirling 2009).

Despite the various on-going research and monitoring efforts on polar bears,
reliable and updated abundance and demographic information for some subpopulations
are still lacking (Obbard et al. 2010, Vongraven et al. 2012). Polar bear research is
expensive and logistically challenging, especially for management jurisdictions that
oversee more than just one subpopulation. Nunavut, Canada, is home to 12
subpopulations (8 shared with other jurisdictions, 4 entirely within Nunavut; Obbard et
al. 2010) and as such carries the major responsibility of polar bear research in Canada.
To maintain healthy and viable polar bear populations, subpopulation studies in
Nunavut are scheduled to follow a 10 to 15-year rotational cycle, which can vary
depending on research needs and priorities. Here we present findings from a 2017 -
2018 monitoring study to develop an updated estimate of the abundance of the Davis
Strait (DS) polar bear subpopulation, and to compare demographic data from this study
to the results of the previously (2005 — 2007) conducted subpopulation study (Peacock
et al. 2013).

Within Canada, the DS polar bear subpopulation is shared by Nunavut, Québec
(Nunavik), and Newfoundland and Labrador (NL; Nunatsiavut) [Durner et al. 2018;
Figure 1]. The subpopulation was first inventoried in the 1970s (Stirling and Kiliaan
1980; Stirling et al. 1980). Although that study did not cover the entire area, and likely
underestimated the subpopulation size, it estimated the subpopulation to be around 900
bears. Subsequent work conducted on the Labrador coast in the early 1990s located
approximately twice the numbers of bears per hour of search compared to observations
during the 1970s (Stirling, unpubl.data in Stirling and Parkinson, 2006). During that
same period (1970s to 1990s), abundance of harp seals (Phagophilus groenlandicus),
the primary food source for DS polar bears (lverson et al. 2006), as well as hooded

seals increased significantly in the Northwest Atlantic (Bowen et al., 1987; Stenson et
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al.,1997; Healey and Stenson, 2000). This high abundance of food resources for DS
polar bears during that period was suggested as a primary factor in the likely increase of
their abundance during those two to three decades (Stirling and Parkinson, 2006). In
early 2000, Nunavut Inuit inhabiting the Davis Strait region reported seeing more bears
during all seasons (Kotierk 2009), also supporting the probable increasing abundance of
DS polar bears. However, since the 1980s, a declining trend in sea-ice duration
(forming later and breaking up earlier [Stirling and Parkinson 2006, Stern and Laidre
2016; Regehr et al. 2016]) has raised the question of how polar bears and seals are
affected by climate warming, which has been identified as the primary threat to polar
bears throughout their range (Polar Bear Range States 2015).

Because of the uncertainties surrounding the DS subpopulation status, the
Government of Nunavut (GN) conducted another population survey from 2005 - 2007,
with funding and logistic support from the governments of NL and Nunatsiavut, Makivik
Corporation, Polar Continental Shelf Project, Parks Canada and the Nunavut Wildlife
Management Board. That study resulted in an abundance estimate of 2,158 (95% CI.
1833 — 2542) bears (Peacock et al. 2013). The results suggested that the subpopulation
had grown substantially between the 1970s and 2007 but was at that point experiencing
a decline in both productivity and growth rate, possibly through density-dependent
mechanisms. In addition, the observed declining trend in sea-ice duration might also
have played a role in that productivity decline through reduced access to seals. If
productivity remained low in subsequent years, bear abundance may have continued to
decline in the region.

In recent years, Inuit have broadly expressed the view that increasing numbers of
bears are causing increases in human-bear conflicts and generally creating elevated
public safety concerns, especially for people going out on the land (Kotierk 2009; Henri
2012; NMRWB 2019). Inuit also report that the bears are increasingly impacting other
wildlife by eating large numbers of young seals and eggs in bird colonies. (York et al.
2015; NMRWB 2019). Some corroborating science exists for these observations,
particularly with respect to plasticity of bear foraging behaviour (Barnas et al. 2020,
Rode et al. 2015). Although there is a logical relationship between increased abundance

and increased human-bear conflicts, and such a relationship has been demonstrated for
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black bears (Garshelis et al. 2020), increases in the frequency of human-bear conflicts
and any cause-and-effect relationships are not limited to considerations of bear
abundance. There is also a substantial body of evidence that sea-ice declines have
resulted in longer periods of bears being seasonally restricted to land (Bromaghin et al.
2015, Lunn et al. 2016, Obbard et al. 2016, Regehr et al. 2010, Stirling and Derocher
2012, among others). In some cases, this has resulted in further changes in seasonal
distribution, migration, and concentration patterns of bears in relation to communities
and other areas of high human use. These behavioural and movement pattern changes
are also relevant to monitoring and assessing changes in frequency of human-bear
conflicts and are not necessarily based on any change (increase or decrease) in
abundance of bears.

Following the results from the 2005 — 2007 study, the co-management partners
within Nunavut decided to increase the total allowable harvest (TAH) from 46 to 61
bears annually for the 2012/2013 harvest season in an effort to reach a managed
decline of the DS subpopulation. Despite this change in TAH, Nunavut Inuit annual
harvest only increased from an average of 39.4 bears during the 1999-2008 period to
44.2 bears during the 2009-2019 period. Inuit reported harvest in Nunavik (Québec)
however increased significantly between those two same time periods from an average
of 16.5 bears to 30.2 bears per year while Nunatsiavut (Newfoundland and Labrador)
reported harvest increased from an average of 5.9 bears to 10.9 bears per year (Table
10). Given the increased harvest, Inuit observations, and continued sea-ice decline,
there was uncertainty surrounding the current status of the DS subpopulation.

Polar bears in Nunavut have been managed through a complex co-management
system that includes community-level (Hunters and Trappers Organizations, HTOS),
regional-level (Regional Wildlife Organizations, RWOs), and territorial-level (Nunavut
Wildlife Management Board, NWMB, and the GN) participants. Through consultation
and discussion, memoranda of understanding (MOU)?! between each community’s HTO
and the GN were developed. These MOUSs lay out harvest, management, and research
aspects for each polar bear subpopulation. Under the existing 2004 MOU, the GN

committed to a new subpopulation study for DS. To address uncertainty in the DS

1 The MOUs were replaced in 2019 by the Nunavut Polar Bear Co-Management Plan
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status and to fulfill its obligations under the 2004 MOU, the co-management partners,
including jurisdictions that share this subpopulation, planned to conduct a new
subpopulation study between 2017 and 2018. Consultations on the proposed study
design and methodology were conducted with each Nunavut community that harvests
from DS and all supported the less-invasive genetic mark-recapture methodology. Local
HTO members participated in field research.

In Newfoundland and Labrador responsibilities for polar bear conservation and
management are shared between the Government of Newfoundland and Labrador, the
Nunatsiavut Government, and the Torngat Wildlife and Plants Co-Management Board,
in accordance with the Labrador Inuit Land Claims Agreement (and its associated Act)
and the Newfoundland and Labrador Wild Life Act. All three entities prioritized the
2017 - 2018 genetic mark-recapture methodology, led the field collection of data in the
Labrador portion of the range and adjacent areas in Nunavut and Québec, and have
engaged in the analysis. Co-management partners in Newfoundland and Labrador and
Québec, as in Nunavut, have invested in this research to better understand various
aspects of polar bear ecology and inform co-management decision-making.

Similarly, in Québec, the management of polar bears is complex and relies on a
collaboration between the Québec government, wildlife management boards as well as
local Inuit and Cree hunter organizations. Consultations were conducted in Québec with
Fishing and Trapping Coordinating Committee who supported the 2017 - 2018 survey
using the genetic mark-recapture approach. Representatives from the Québec
government and from Nunavik communities participated in the collection of data in the
Québec portion of the range and adjacent areas in Nunavut.

The new study had the objective to estimate the current subpopulation size and
composition and compare those results to the 2005 — 2007 study to inform responsible
management authorities for decision-making. In addition, we sought to obtain data that
would provide estimates of survival and reproductive parameters for future
subpopulation viability analyses and harvest risk assessments. Based on available
methodologies and community-level feedback, the supported method was the less-

invasive genetic mark-recapture method, which can be a useful alternative to physical
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mark-recapture in subpopulation monitoring (Vongraven et al. 2012; Vongraven and
Peacock 2011). To address these objectives, we conducted a genetic mark-recapture
study from 2017-2018.

Study Area

The Davis Strait demographic unit (Figure 1) has been previously delineated based on
the movements of collared adult female bears (Taylor et al. 2001), the locations of bears
marked and subsequently recaptured or harvested (Taylor and Lee 1995), and DNA
analysis (Paetkau et al. 1999, Malenfant et al. 2016). The full range of polar bears in the
DS subpopulation unit covers approximately 420,000 km? between Canada and
Greenland, including the Davis Strait, Labrador Sea, Ungava Bay, Frobisher Bay and
Cumberland Sound (Taylor et al. 2001, Taylor and Lee 1995). Davis Strait is generally
ice free during summer and early fall (July — October; Stern and Laidre 2016) and polar
bears are distributed and concentrated along the shoreline and on off-shore islands on
the Canadian side of their distributional range, from Cape Dyer on eastern Baffin Island
down to northern Labrador (Taylor et al. 2001, Peacock et al. 2013) during this time.

Using cluster analysis of polar bear movements from satellite telemetry, Taylor et
al. (2001) identified a generally strong boundary between the DS and Baffin Bay (BB)
subpopulations, and movements between DS and Foxe Basin (FB) were infrequent
causing demographic discontinuity between the two subpopulations. Genetic clustering
methods (Obbard et al. 2010) suggested that mating fidelity of polar bears to southern
DS (i.e., south of Hudson Strait); central DS (i.e., south of Cumberland Sound on Baffin
Island); and northern DS on Baffin Island (i.e., north of Cumberland Sound) exist.
Peacock et al. (2013) suggested from their analysis that the sub-regions differed where
a) harp seals constituted a significantly larger part of polar bear diet in southern DS
compared to the more northerly sub-regions (lverson et al. 2006); b) harvest levels in
southern DS differed from those in central and northern DS; and c) exchange between
polar bears in DS and BB was more likely to occur in northern DS than in other

subregions (Figure 2; also see methods and results sections).
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METHODS

Samples
Field collections

We conducted our survey across the entire DS subpopulation summer and fall range,
including Nunavut, Québec and Labrador, during 2017 and 2018. Our study design
followed that of the previous physical mark-recapture study conducted in DS between
2005 - 2007 (Peacock et al. 2013), however, it did not involve the immobilization and
physical handling of bears (Figure 3 and 4). Inuit co-management partners in Nunavut
and Nunavik frequently expressed their concern over wildlife capture and handling
(Department of Environment 2013, Lunn et al. 2010) and as a result, the responsible
government management agencies explored alternative research methods. After
discussions with the affected communities and co-management partners in
neighbouring jurisdictions, genetic mark-recapture was chosen as the method since it is
less-invasive (Garshelis 2006) and has been successfully applied on various species,
including bears (Brown et al. 1991, Palsbgll et al. 1997, Boulanger et al. 2004, Lukacs
and Burnham 2005, Schwartz et al. 2006, Paetkau 2003). The survey team selected
this methodology recognizing that certain aspects of habitat use, age structure and
spatiotemporal comparisons with the previous study, Peacock et al. (2013), would not
be available.

We constrained our study to August - October, like the 2005 — 2007 study, in
order to search for bears along their summer and fall range, which consists of coastline
and on near-shore islands. While on land, bears can be found further inland, and at
higher elevations, which could make them undetectable if search effort is only
concentrated along the coast (e.g., Ferguson et al. 1997, 2000; Taylor et al. 2001,
Escajeda et al. 2018). In addition, bears frequently segregate by age class and
reproductive status where adult females with cubs tend to select fjords, avoiding
offshore islands and coastal regions where densities of adult males are usually greater.
Pregnant bears select inland and upland denning habitats where they are less available
for sampling (Ferguson et al. 1997, Escajeda et al. 2018). Therefore, we adopted a
similar method as the 2011 - 2013 BB polar bear survey (SWG 2016). We applied the
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BB study stratification to our study area with a high-density stratum, including the
coastline and offshore islands, extending to 5 km inland; a moderate-density stratum
including inland regions 5 — 10 km from the coastline; and a low-density stratum from 10
to 30 km inland (Figure 3). During the BB study, bears were reportedly found on
glaciers, high-elevation snow patches, and plateaus along the coast and on islands
(SWG 2016). For this study, we included all elevations within our strata to ensure the
greatest opportunity for bears to be observed and sampled. Search efforts were
allocated according to the anticipated bear densities with roughly 65%, 25%, and 10%
of helicopter search effort spent in the high-, moderate-, and low- density strata,
respectively. We set a priori guidelines to systematically distribute inland search effort
along the entirety of the islands (SWG 2016). All offshore islands were surveyed as
completely as possible, while accommodating weather and safety concerns. In both
2017 and 2018, portions of the Nunavut coastline as well as Resolution and Edgell
Islands along with Loks Land could not be surveyed because of inclement weather,
though this represented a small fraction of the overall study area (Figure 4).

This study combined genetic mark-recapture data collected during the 2017 and
2018 field seasons, data from earlier physical mark-recapture research conducted 2005
— 2007 in DS (Peacock et al. 2013), and information on harvest recoveries of marked
bears. Genetic samples were collected from every bear that was encountered when
operating and darting conditions were safe. The east coast of Baffin Island (including
offshore islands), parts of the Ungava peninsula and Labrador, are very steep and
sampling bears is challenging, especially when the field crews attempted to sample
offspring of family groups. In such instances, attempts were made to collect a skin
sample of the mother only, rather than all members of the family group, to minimize
chase times and to avoid separation of family group members. Regardless of terrain or
sampling, all offspring were recorded in the dataset to estimate reproductive
parameters.

We obtained genetic material for individual bears from a small sample of skin and
hair (< 5 mm diameter) collected via a remote biopsy dart (Pneudart Type C — Polar

Bear, Williamsport, PA) fired from a dart gun (Capchur Model 196) from inside a
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helicopter? approximately 3 — 7 m above the ground and targeted at the rump (Pagano
et al., 2014; SWG, 2016). Remote marking biopsy darts (Pneudart Type C — Polar Bearr,
Williamsport, PA) were also occasionally used when multiple bears were present at a
given site (e.g., family group). Those darts were identical to the regular biopsy darts
except they left a dye mark on the bear upon impact. The biopsy dart automatically falls
off the bear after extracting the skin and hair sample via small barbs, thus eliminating
the need to physically handle bears to obtain a DNA sample. The darts have relatively
low velocity which means that risk of injury to a bear is minimal. Typically, bears show
no or little response to the impact of the dart and are left with no obvious mark. In order
to facilitate easy spotting of darts on the ground, a 10-15 cm long and ~2 cm wide strip
of brightly colored flagging tape (C.H. Hanson, Naperville, IL; or Johnson, Montreal, PQ)
was tied and wrapped around the distal end of the dart. Alternatively, darts were spray
painted bright orange to maximize detection and recovery. Every bear that was
encountered and biopsied received a unique field identification number so that the
genetic results and our field data could be cross-referenced and linked.

Additional field information included the date, time and location where each bear
(or group of bears) was sampled, body condition based on visual assessment using a
standardized subjective fat index (e.g., Stirling et al. 2008; a scale from 1-5 with 1 being
skinny, 3 average and 5 obese), specific markings or characteristics, group size or litter
size, the estimated field age class (e.g., cub-of-the-year [COY], yearling, 2-year-old,
subadult, adult) and sex classification. Field age class and sex were both recorded with
a confidence qualifier (e.g., high and low confidence). Dependent offspring were
distinguished as COYs, yearlings, and 2-yr olds based on their size relative to their
mother. Cues such as body size of the individual bear in relation to its surroundings or
group members, body shape and proportions, presence of scars, secondary sexual
characteristics, observation of urination, and gait were all used to determine field sex
and age class (SWG, 2016; Laidre et al., 2020a, 2020b). When field age class and sex
of a bear were initially assessed with low confidence, additional field notes were taken.
For example, notes may suggest an alternative field age class and sex if observers

were unsure, particularly for difficult-to-discern solitary young subadult male bears and

2 (we used Bell 206 Long Ranger, Bell 407 or AS350 B2 AStar helicopters throughout this study)
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younger adult females. These field observations, together with genetic microsatellite
results, allowed us to confirm field-estimated sex and age class. Lastly, we recorded
factors that may have influenced detection probability during sightings, including
weather conditions (e.g., cloudy, clear, sun glare), bear activity when first observed, and
simple habitat characteristics in general, and within, the immediate vicinity (~ 30 m) of

an individual bear that may make detection more difficult (e.g., boulders).

Recovering previously marked bears through harvest

Recoveries occurred when a previously sampled bear was recovered through the
harvest monitoring program. Both Nunavut and Nunatsiavut polar bear harvest
monitoring programs record detailed information about every human-caused bear-
mortality and collect a variety of tissue samples (Lee and Taylor 1994, GNL tech
reports) while Québec harvest reporting and sampling remains fragmentary. Polar bear
harvest data from 2005 to 2018 were included in this study and compiled where
possible from Nunavut, Greenland, Québec, and Newfoundland and Labrador. We
assumed that the detection and reporting of previously marked bears would vary
throughout this period. The detection rate of previously marked bears, through ear tag
and tattoo recovery, drops to about 8 - 10% seven to eight years after a physical mark-
recapture study has been concluded (Government of Nunavut, unpublished data). This
is likely because ear tags are ripped out by conspecifics and tattoos fade, becoming
harder to detect by hunters and officers. We assumed that returns of tag and tattoos for
bears marked in DS was 100% between 2005 and 2011 and relied on hunter-reports to
identify recoveries. After 2011, we used available harvest-collected tissue samples and
genotyped those from DS, the neighbouring FB, and BB polar bear subpopulations.
Logistical and financial constraints prevented us from using all available harvest
samples from the neighbouring BB subpopulation to detect potential DS-marked bears
that had been harvested there. Therefore, we restricted our BB harvest sample
collection to bears that were harvested within O - 400 km north of the DS/BB
subpopulation boundary. Sampling of harvested bears in Québec was low between
2005 and 2017 but a sampling program was implemented in in 2017 and 2018 to

increase the detection of biopsied bears in the harvest. Sampling of harvested bears in
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Newfoundland and Labrador began in 2011 and all samples were made available for
this study. For the analyses in this report, we used all available harvest recoveries of
bears marked in DS, including those that were recovered in neighbouring
subpopulations (Burnham 1993).

Recaptured bears from past subpopulation study

Recaptures represent bears that were previously sampled and subsequently sampled in
a later year. All available individuals of the 2005 - 2007 DS study were genotyped.
These results (n = 1549) allowed us to determine, through DNA, whether a marked bear
from the previous study was also encountered during the 2017 - 2018 genetic mark-

recapture sessions.

Sample preparations

We used the same method to prepare all field and laboratory tissues. A small piece of
skin (~ 1 - 1.5 mm thick) or tissue was cut from the biopsy sample, the ear plug (e.g., a
small tissue core that was obtained when applying ear tags during the 2005 — 2007
study), or the muscle tissue with a new scalpel blade (# 20), transferred onto a shipping
card (Avery, 70 x 35mm), and attached with scotch tape. Each sample card was
labelled with the unique bear identification number, placed into a coin envelope (57 x
89mm), and left to dry at room temperature for up to three days. The dried specimens
were then sent to Wildlife Genetics International Inc. (Nelson, British Columbia) for

individual genotyping and sex determination.

Genetic analysis

The tissue samples had DNA extracted using QIAGEN DNeasy Blood and Tissue Kits
(Qiagen Inc.) and were genotyped at eight previously published dinucleotide
microsatellite loci (REN145P07, CXX20, MU50, G10B, G10P, G10X, MU59, G10H;
Paetkau and Strobeck 1994, Paetkau et al. 1995, 1998; Taberlet et al. 1997, Breen et
al., 2001, Ostrander et al 1993). Analysis of individual identity followed a 3-phase
protocol previously validated for bears (Paetkau 2003; Kendall et al. 2009).
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To select markers for the analysis of individual identity, we used allele frequency
data from approximately 1700 polar bears for which complete 20-locus genotypes
existed before the genetic mark-recapture study began (Government of Nunavut,
unpublished data). We ranked the 20 microsatellite markers in the dataset by expected
heterozygosity. The eight most variable markers that could be analyzed together in a
single sequencer lane were selected for use. These surpassed the required standard for
marker variability (Paetkau 2003). In addition to the eight microsatellite markers, we
analyzed sex on every sample, using a ZFX/ZFY marker. We searched the dataset for
genotype matches that seemed unlikely based on our field data. In each case, three
extra markers were added to the genotypes to lower the probability of chance matches
between individuals. The extra loci confirmed all matches. Once the genotyping and
error-checking was complete, we defined an individual for each unique eight-locus
genotype.

Survival analysis

Data Collection

In the early study period (2005 - 2007), polar bears were physically captured
following standard chemical immobilization techniques (Stirling et al. 1989). Bears
captured during this period were given a unique identification number using an ear tag
and upper lip tattoo. Information on the location of the capture along with sex and field
age class were recorded. Additionally, genetic samples were collected, and most bears
had a premolar tooth extracted for more accurate age determination (Calvert and
Ramsay 1998). For the 2017 - 2018 study period, genetic capture-recapture techniques
were employed, “marking” the bears using biopsy darts to collect small tissue samples
which were later genetically analyzed to determine sex and to assign a genetic
individual identification to each bear (Dyck 2017, Dyck and Ware 2018). For all captures
in 2017 and 2018, exact age past the yearling classification could not be determined as
bears were not physically handled. During surveys conducted in both study periods,
bears were assigned a field age class (e.g., subadult, adult). We assigned a numeric
age to the unknown-age bears in 2017 - 2018 based on the mean age of known-age

bears within the same field age class from 2005 - 2007.
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Our analysis also included bears marked in DS that were subsequently shot and
reported in DS or adjacent subpopulations, including BB, FB, and Lancaster Sound (LS;
Figure 2). Unlike live captures which were constrained to the survey period (August —
October), dead recoveries could occur year-round between the live-capture sampling
study periods. For the DS data, there was minimal temporal overlap of live-recapture
and dead-recovery periods. To ensure that there were no instances of bears being
coded as harvested before being observed alive during the sampling period in year t,
we set harvests recorded before August in year t as occurring after the live recapture
sampling period in year t-1, whereas harvests after August 1 were assumed to have

occurred after live-recapture sampling in year t.

Hierarchical model structure

We analyzed the capture-recapture-recovery data using a multistate survival model
with a marginalized likelihood (Williams et al. 2002, Kéry and Schaub 2012, Yackulic et
al. 2020). We developed different multistate model structures for females and males to
accommodate the dynamic processes of aging and reaching sexual maturity in addition
to transitions between live and dead states. For each sex, the multistate model structure
included multiple live states determined by the aging process in addition to two dead
states. For females, we considered eight possible states at time t that included cub-of-
the-year (~ 9 months old and dependent on their mother; COY, state 1), yearlings (state
2), states 3-5 included independent subadults between ages 2 and 4, state 6 included
adult females > 4 years old, state 7 included female bears shot and reported dead
between time t-1 and t (hereafter, “recently dead”), and state 8 was an absorbing dead
state (e.g., “dead”). Because we had 9 years with dead recoveries only, we were unable
to model survival of adult females with offspring as separate states because these
states were unobservable and thus survival would be inestimable during this time (see
Lunn et al. 2016). We set the adult female class to be > 4 years old as most females
were first observed with COYs were = 5 years old in the 2005-2007 data set. For males,
we considered 11 possible states at time t that included COY (state 1), yearling (state
2), independent subadults between ages 2 and 7 (states 3-8), adults > 7 years old (state
9), bears shot and reported dead between time t-1 and t (“recently dead”, state 10), and
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an absorbing dead state (“dead”, state 11). For the males, we included an extended
subadult stage because most males begin breeding at ca. 8 years old (Rosing-Asvid et
al. 2002, Richardson et al. 2020), at which time they exhibit different behaviours than
subadults that could affect survival.

Here, we include the female state transition matrix representing probabilities of

transitioning from a true state at time t (rows) to a true state at time t+1 (columns).

COY YRL 2 3 4 AD Recently Dead Dead
covy [ o Sor 0 0 o0 o0 0 1 - Scoy N
YRL 0 0 Sypr O O 0 (A—=Syr)*1e (1= Syp)*(1—15)
2 0 0 0 Ssu 0 0 (A=Ssp)*rz (1—Ssa)*(1—15)
3 0 0 0 0 Sea 0 (A=Ss)*me (A —=Sg)*(1—1F)
4 0 0 0 0 0 Sga (@A—=Ssa)*xrp  (1—Ssa)*(1—1%)
AD 0 0 0 0 0 Sup (A=Spp)*rme (A —=Sup)*(1—15)
Recently dead 0 0 0 0 0 0 0 1
Dead 0 0 0 0 0 0 0 1

Parameters in the state transition matrix included state-specific probabilities of
survival (S) and recovery (r) (i.e., probability of reporting conditioned on mortality). This
parameterization refers to the most general model (M1, see Table 2). Classes for
survival included cubs-of-the-year (COY), yearlings (YRL), subadults (SA, ages 2-4),
and adult females (AD, ages 5+). For recovery, class ‘F’ includes all females = 2 years
old. In our dataset, several yearlings (males and females) were recovered just before
their second birthday and were also assigned the recovery probability for females. The
state transition matrix for males is largely the same with an extended subadult stage (2-
7 years old) and male-specific recovery probabilities. Transitions between live states

were conditional on survival probability, S, ;, defined as the probability that an individual
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in class x survives from year t to year t+1. Survival probabilities were affected by all
sources of mortality, including harvest mortality and natural mortality, and are thus a
measure of ‘total’ annual survival. In this framework, the first dead state (“recently
dead”) was observable and could be entered at time t conditional on the probability of
being shot (i.e., 1 — S, ) * 1) and being reported dead (i.e., recovery, r, ) since time t-
1. Here, the recovery probability r, . is equivalent to Seber’s conditional probability of
detection for dead individuals (Otis and White 2004). This state could be entered from
all but the CQOY live state because harvest of dependent young is prohibited and no
marked COYs were reported as being harvested in our data set. The second dead state
(“dead”) was an unobservable absorbing dead state that could be entered from the COY
live state with probability 1 — S.oy, entered from the remaining live states conditional on
mortality (1 — S, ;) and not being recovered and reported (1 — r,.), or entered from the
recently dead state with probability of 1. Because we included dead recoveries of bears
marked in DS and later shot and reported from anywhere in DS or the adjacent BB, FB,
and LS subpopulations, we were able to estimate true probabilities of S, , decoupled
from permanent emigration outside of the capture-recapture survey area (Burnham
1993, Schaub and Pradel 2004).

Our observation model linked the true and observed states. Here, we include the
female observation matrix representing the link between true (rows) and observed
(columns) states at time t after release (COY are ‘recaptured’ for the first time as YRL).
Parameters included class-specific recapture probability (p). Classes include adult

females and offspring (FO) and subadults (SA) as denoted in the matrix below.

Seen alive Seen alive Seen alive Seen alive Seen alive Seen alive Recovered Notseen o

as COY as YRL as 2 as 3 as 4 as AD dead recovered
coy 0 0 0 0 0 0 0 1
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2 0 0 Psa 0 0 0 0 1- psa

3 0 0 0 Psa 0 0 0 1- psa

4 0 0 0 0 Dsa 0 0 1- psa

AD 0 0 0 0 0 Pro 0 1-Pro
Recently Dead 0 0 0 0 0 0 1 0
Dead 0 0 0 0 0 0 0 1

Specifically, this matrix included the probability of being seen alive in class x (e.g., adult
females and offspring (FO) or subadults (SA)) at time t, the probability of being
recovered dead in class x at time t, and the probability of not being seen or recovered
in class x at time t. The observation matrix for males was largely the same but again
included the extended subadult stage (2 to 7 years old). We included r, in the state
transition matrix (Figure 2) instead of the observation matrix to overcome an update
problem as described in Kéry and Schaub (2012).

Because the live capture-recapture surveys were conducted intermittently, several
years of survival estimates for certain age classes were inestimable when there were no
marked bears in the sample because they had aged out of the relevant states. For
example, we could not estimate COY survival past 2008 because there were none in
the sample (Table 1). In years when survival probabilities were inestimable due to the
lack of data, we fixed the parameters to 1. Similarly, we fixed recapture probability (p),
to 0 in years without live capture-recapture surveys. These parameter constraints had
no bearing on the mean or on the estimates of recapture or survival probabilities in

other years.

Parameterization

We constructed a series of candidate models for survival, recovery, and recapture
probability with the initial state structure outlined above (see Hierarchical model
structure). We conducted model selection for each parameter in a stepped fashion

(Table 2). We used this approach to select the top-ranked model structure for each
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parameter (S, r, p) based on the selected structure for any previously evaluated
parameters and a general structure for parameters not yet evaluated. When applicable,
each parameter may include the subscript x to indicate the estimates are class specific
(defined therein) and may include the subscript t to indicate year-specific estimates.

The parameterization of the most general model (M1) included 4 age classes for
survival (COY, yearlings, subadults, adults). For offspring (COY and yearlings), survival
was kept constant across time in all models because we lacked the data to model
temporal variation. For the subadult and adult classes, we were specifically interested in
evaluating temporal variation and modeled survival around a central mean (logit [S, ;])
using independent Gaussian random effects for each class on the logit scale:
ext~Norm(0,0Z). The general model included time-constant estimates of recovery, r,
for 2 sex classes (females = age 2, males = age 2), and a separate mean recapture
probability for 3 age-sex classes (adult females and offspring, subadults, and adult
males) with an additive fixed effect ..., coefficients for each capture-recapture period
to adjust the mean p up or down in a non-random fashion with the fixed effect of year to
capture temporal variation, resulting in estimates p, .. The parameterization of the initial
model (M1) was based on previous studies of polar bears (e.g., Regehr et al. 2010,
Lunn et al. 2016), especially the previous DS study by Peacock et al. (2013).

Steps 1 — 3 in the model selection process were focused on identifying the best
structure for survival probabilities. First, we compared models for age (Step 1, models
M1 and M2) and sex (Step 2, models M3 and M4) structure, followed by alternative
models for temporal variation (Step 3, models M5 — M6) while using the best age and
sex structure from steps 1 and 2 (Table 2). Using the top model from steps 1 — 3, we
then assessed alternative models for temporal variation in recovery probability (Step 4,
models M7 and M8) and age-sex structure in recapture probability (Step 5, model M9).
Finally, using the best model from steps 1 through 5, we tested alternative models for
the effects of environmental covariates on annual survival rates (step 6, models M11 —
M17). We describe these steps and models in detail below.

Ouir first step was aimed at identifying the best model for age structure in survival
probabilities. Model M1 included 4 age classes (as described above). The second

model (M2) included three age classes: a single class for dependent young (COY and
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yearlings), subadults, and adults. We note Peacock et al. (2013) found that point
estimates of survival for old senescent bears (> age 20) were lower than those for
prime-aged adults, however, bears marked or captured in 2017 - 2018 could not be
assigned to an adult versus senescent age class and therefore we estimated a common
Sy for all adults (e.g., Regehr et al. 2010, Lunn et al. 2016). Following determination of
the best age structure for survival probability, we assessed alternative models to identify
the best model for sex-structured survival probabilities (Step 2). These models included
either sex-specific survival for the adult and subadult age classes (e.g., 5 age-sex
classes, M3) or sex-specific survival for the adult class only (e.g., 4 age-sex classes,
M4).

Next, we assessed alternative models of temporal variation in survival using the best
model for age and sex structure identified in steps 1 and 2. These models
encompassed temporal variation parameterizations for the adult and subadult age
classes (S, ) including a mixed effects model with linear time trends and year random
effects (M5) and a year fixed effects model (M6). The year fixed effects model (M6)
assumes survival is different at each occasion and estimates are independent of one
another. We included the year fixed effects model given its common application in the
literature and to compare the results to our year random effects general model
structure. The use of random effects “shrinks” annual estimates towards the overall
mean or trend for a given category of individuals, with greater shrinkage as parameter
precision decreases (Royle and Link 2002). This property avoids the fitting of sampling
noise as opposed to signal and analogously keeps probability estimates from
converging on the boundaries of 0 or 1. Although correlated random effects would also
allow for the sharing of information among age classes, we could not consider these
because the intermittent capture-recapture sampling resulted in the absence of COY,
yearling, and subadult individuals in the sample at different times. We considered the
mixed-effects model with linear time trends in logit (S, ;) for subadults and adults
including stochastic departures (¢, ;) around each trend (M5) according to the random-
effects approach described above. The linear predictor for a given age class and the

linear trend appeared as logit(Sy:) = Box + BixY: + &, Where each S, is equivalent to
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logit (S,), Y; denotes the year of study scaled to mean 0 and standard deviation of 1,
and S , is the linear trend coefficient for each class, x.

Following steps 1 through 3 which focused on modeling survival, we assessed
alternative models for temporal variation in recovery probability (Step 4) and age-sex
structure in recapture probability (Step 5). Here, we compared the initial recovery model
structure with time-constant, sex-specific recovery rates (r,) to two alternative models.
These models included class specific (M7) temporal random effects
(e.9., &xc~Norm(0, 7)) added to the mean of each r, on the logit scale or (M8) temporal
random effects shared between classes e.g., ,.~Norm(0, 02). Next, we compared the
initial recapture parameterization with 3 age classes (subadults, adult females and
offspring, adult males) and year fixed effects to a model with 4 age-sex classes
(subadult males, subadult females, females with offspring, adult males) and year fixed
effects (M9) to estimate p,.,.

Using the best fit model from steps 1 through 5, we sought to identify the best fit
model for explicit measurements of environmental effects on survival. We considered
covariates describing sea-ice dynamics, climatic conditions, and prey abundance that
could affect survival based on demographic analyses for other polar bear
subpopulations (e.g., Lunn et al. 2016). These covariates included the ice-free period
length, summer sea-ice concentration, the rate of within-year sea-ice decay, the North
Atlantic Oscillation (NAO), the Arctic Oscillation (AO), and harp seal abundance (see
below). We assessed models including only single covariates (M10 — M15) and tested
two additional models that included multiple covariates (M16 and M17). Specifically, we
modeled additive effects of the rate of sea-ice decay and harp seal abundance (M16)
and additive effects of the rate of sea-ice decay, the NAO, and the ice-free period length
(M17). We did not run additional models with other combinations of covariates primarily
because most of the covariates were highly correlated and because the single covariate

models had little support. All covariates were Z-scored.

Environmental conditions

We calculated sea-ice metrics within the DS subpopulation boundary following the
methods employed by Stern and Laidre (2016) using daily sea-ice concentration data
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from Nimbus-7 SMMR and DMSP SSM/I-SSMIS Passive Microwave Data available
from the National Snow and Ice Data Center (NSIDC, Boulder, CO). These data include
daily sea-ice concentrations, or the percentage of the ocean area covered by sea ice
within the DS subpopulation boundary. We included two metrics common to polar bear
studies: the length of the ice-free period and the mean summer sea-ice concentration.
We define and calculate the length of the ice-free period as the number of days
between the 50% threshold of sea-ice breakup and freeze-up over the continental shelf
(water <300m deep). Mean sea-ice concentration represents the ice available during the
summer period between June 1 and October 31. Because polar bears rely on sea ice to
access their prey in addition to other critical life-history events, when sea-ice
concentration is low and when the length of the ice-free period is extended, polar bears
are subjected to dietary fasting with potential deleterious effects on body conditions and
subsequently, survival. We also calculated the rate of sea-ice decay following Lunn et
al. (2016), which describes how fast the ice disappears every spring and summer. In
years when ice disappears rapidly, bears may become stranded and need to travel
considerable distances to find suitable habitat. We used the absolute value of the slope
of an ordinary least squares regression of sea-ice extent from May 1 until the date when
ice concentration reached a threshold low of 16,000 km?2. We set the lower threshold to
16,000 km?to accommodate the noise associated with the sea ice data that may
indicate sea ice is present when it is not. During the month of September, we expect
there to be no sea ice in the DS region, yet, between 2005 and 2018 the sea ice
concentration data indicated between 11,000 and 16,000 km? of sea ice in the area.
The noise in the sea ice data is a product of the scale (satellite imagery grid size) and
associated land contamination of ocean grid cells.

The North Atlantic Oscillation (NAO) and Arctic Oscillation (AO) influence regional
climate variability and may impact sea-ice dynamics (Heide-Jorgensen et al. 2007) and
abundance of prey species for polar bears (Stenson et al. 2016). We extracted the
winter (December — March) indices for both the NAO and AO from the National
Oceanographic and Atmospheric Administration (NOAA, College Park, Maryland, USA).
Further, harp seals are an important prey species for DS polar bears (lverson et al.

2006, Peacock et al. 2013). Thus, we also included annual estimates of the total
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population size of harp seals in the Northwest Atlantic as an index of prey availability
(Hammill et al. 2021).

Model implementation, fit, and evaluation

We embraced the philosophy of Bayesian statistics and used informative priors
where possible (Supplementary Table SM1). Specifically, we used informative Beta
priors for subadult and adult survival based on point estimates of total survival
probabilities (e.g., includes harvest and natural mortality) from 13 polar bear
subpopulations, following the approach of Regehr et al. (2018) (Supplementary Table
SM2). Because the prior distributions were based on survival estimates for
subpopulations with differing demographic statuses and across the species’ range, they
corresponded to a range of biologically plausible survival probabilities for polar bear.
When relevant for a given model, we included separate prior distributions by sex within
the subadult and adult age classes. We used moment-matching to convert the
informative means and standard deviations to shape and scale parameters for the
respective Beta prior distributions (Hobbs and Hooten 2015). We used vague priors for
all other parameters (Table SM1). Further details regarding the sensitivity of estimated
parameters to the choice of priors are provided in the supplement.

To estimate all parameters in our multistate models, we multiplied the marginalized
likelihood for the capture-recapture-recovery data (m) and prior probability distributions
using Bayes’ theorem to attain the joint posterior distribution, for example:

Pr(S,p,r, f|m)
where bold font denotes matrix notation that encapsulates age, sex, and time
parameterizations. We sampled posterior distributions of the capture-recapture-recovery
parameters using a Markov chain Monte Carlo algorithm (MCMC, Gelfand and Smith
1990) in JAGS 4.3.0 (Plummer 2017), run from the jagsUI package (Kellner 2015) in
program R (R Core Team 2019). We ran three MCMC chains for 20,000 iterations in
JAGS and discarded the first 16,000 as burn-in. We then thinned the samples to retain
a total of 6,000 posterior samples for each parameter. The multiple MCMC chains
allowed us to use the Gelman and Rubin (1992) R statistic (we sought R values < 1.10)

along with trace plots to monitor chain convergence.
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To score the relative within-sample predictive abilities of our multistate capture-
recapture-recovery models with different parameterizations, we used the Watanabe-
Akaike information criterion (WAIC; Watanabe 2010). In practice, we monitored the log-
likelihood for each m, combined them into a joint likelihood, and then applied the waic
function in the loo package for R (Vehtari et al. 2020).

Unlike other studies (see Lunn et al. 2016), we modeled the survival of adult
females and offspring independently due to the extended period between capture-
recapture surveys where the ‘state’ (with or without offspring) of adult females was
unobservable and therefore unknown. Because the survival of offspring is dependent on
the survival of their mothers, we calculated an overdispersion factor (¢) following
methods employed by Taylor et al. (2009). We calculated ¢ as the ratio of live
observations of offspring (nc) to total live observations (n) where ¢ = n/(n — nc) to

serve as a rudimentary measure of goodness of fit due to a lack of independence.

Supplementary survival analyses

Finally, we wanted to assess the effects of prior choice and explore an additional
model that is more commonly employed in the polar bear literature. Full methodological
descriptions and results are included in the Supplementary Materials. The model
included the same general structure as model M2 but did not include year random
effects on subadult or adult survival (i.e., constant survival). We did not use this model
for inference but report the results in the supplementary material and compare these
results to those from model M2 in the discussion below. This model was fit using the

same methods described above.

Reproduction

We calculated reproductive indices for polar bears in DS using data from physical and
genetic mark-recapture surveys in 2005 - 2007 and 2017 - 2018, respectively. We
summarized metrics identified as important for monitoring polar bear populations as
outlined in Vongraven et al. (2012) and subsequently reported as indices of productivity

in other studies (Peacock et al. 2015, Regehr et al. 2015). Specifically, we tallied the
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annual number of litters and mean litter sizes of COYs and yearlings, the ratio of the
number of COYs and yearlings to adult females, the ratio of the number of females with
COYs to the number of adult females in the subpopulation and summarized COY litter
size by study period to compare to estimates from earlier analyses (Peacock et al.
2013). Because the data were collected intermittently, in our multistate model for
survival we could not parse out the differences in recapture rates between females with
and without offspring. Therefore, we calculate the reproductive metrics using the raw
capture-recapture data and report only point estimates. Further, we did not consider the
effects of environmental covariates on reproduction metrics because the final study

period included only two years of data.

Abundance

As in other polar bear studies (McDonald and Amstrup 2001, Taylor et al. 2002,
Peacock et al. 2013), we estimated annual abundance using the Horvitz-Thompson
estimator: N; = ¢, /Py, Where c,, refers to the number of bears captured in class x
(inclusive of recaptures) within a year t and p,, is the estimated probability of detection
for class x in year t based on recapture probabilities according to age and sex class
(Steinhorst and Samuel 1989, Williams et al. 2002). An advantage of the Bayesian
analysis was our ability to use posterior distributions for the estimated p,,, from our
multistate capture-recapture-recovery model that best predicted the data (see Table 2)
to ‘derive’ exact posterior distributions for N, with no need to approximate sampling
variance with the delta method (e.g., Huggins 1989, Borchers et al. 1998). We define
abundance here as the actual realized number of bears within this subpopulation (e.g.,
expected number of bears within the DS boundaries at these time periods).

Due to weather and logistical challenges during 2017 and 2018, sampling was
not completed on Edgell or Resolution Islands. In 2018, a region around Loks Land in
addition to Edgell and Resolution Islands could not be sampled due to inclement
weather (Figure 4). During the 2005 - 2007 sampling period all these regions were
comprehensively sampled with a considerable number of bear encounters. To

determine the effects of differences in sampling on estimates of abundance, we subset
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the 2005 - 2007 live-capture data to remove captures that occurred within the areas that
were not sampled in later years. We produced two geographic data subsets, one that
removed just Edgell and Resolution Island samples, and another that also removed
samples from the unsampled area around Loks Land to adjust for the year-specific
unsampled areas. We fit our top model without covariates on survival (M8) to these two
data sets. Following methods employed for similar issues with the Baffin Bay
abundance estimate (SWG 2016), we compared estimates of abundance from using the

full data set versus the geographic subset data to inform potential biases from

/Nfu” data

incomplete sampling. Thus, we assumed that N3gas?s 84N, 062007

~

Nubsetdatayfuilasie  where the ratio of abundance estimates from the subset data in

the early period N3¥bsetdata to the full data in the early period N/ 4% would provide

an inflation factor that we could use to adjust the estimates of abundance for the later

period N3ybsetdata for what we expect would have been obtained if the complete

sampling area had been covered N//1%%: . We completed this using the two

geographic subsets and adjusted the estimate in 2017 for missing Edgell and
Resolution Islands and adjusted 2018 for missing Loksland in addition to Edgell and
Resolution Islands. We calculated the geometric mean subpopulation growth rate (1)
between 2006 and 2018 as A = (N,015/N200s) /2 to generate the finite growth rate over

this time period.

Body Condition

We compiled body condition index (BCI) data from the two distinct time periods of mark-
recapture sampling in DS to allow inference on trends. Bears were assigned a BCIl on a
scale of 1 - 5 with 1 being skinny and 5 being obese (Stirling et al. 2008) through
physical handling and capture (2005 - 2007) or aerial observation during biopsy
sampling (2017 - 2018). All BCI observations occurred in fall (August through October)
during the ice-free period in DS. Sex, age, and reproductive classes were assigned
during physical handing during 2005 - 2007 and ages were determined based on

previous capture history, known birth year, or from tooth analysis (Calvert and Ramsay
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1998). During the biopsy sampling period, classification was done at approximately 3 - 7
m above the ground with sex verified by subsequent genetic analysis (Atkinson et al.
2021, Dyck et al. 2020a, Dyck et al. 2021). Observers who participated in classifying
age class and sex during biopsy sampling had either participated in both sampling
periods or were experienced in physical capture-mark-recapture studies.

The BCI data were summarized into 3 classes: ‘poor’ (1-2), ‘average’ (3), and
‘good’ (4-5) to facilitate comparison with other studies (Laidre et al. 2020a, b; Dyck et
al. 2020a, Dyck et al. 2021). We did not include dependent offspring in the BCI analyses
because their body condition is dependent on maternal condition (SWG, 2016). We
excluded within-year observations of the same individual but retained observations of
the same individual in different years. Observations collected during the 2005 — 2007
study and the 2017 — 2018 study were combined into their respective sampling periods
(periodearly and periodiater) to facilitate comparison over time. We combined reproductive
status (i.e., with or without offspring), age, and sex into a four-level categorical variable
reproclass (ADM = adult male, ADFI = independent adult female, ADFWO = adult
female with offspring, and SUB = subadults of both sexes). Body condition varies
among sex and age classes, most notably for females with dependent offspring
generally being in poorer body condition that single bears of either sex (Rode et al.,
2012; Laidre et al., 2020a, Dyck et al., 2021). To evaluate potential effects of ice
availability on body condition, we included the covariate ts.springtran, which
represented the length of time, in days, between sea-ice retreat and when we observed
the animal, similar to previous studies (Laidre et al. 2020a, Obbard et al. 2016). Longer
durations with reduced ice and open water were predicted to be negatively associated
with body condition. Sea-ice retreat date was calculated as described above (See Data
Analysis: Environmental conditions).

The first decision that had to be made before statistical analysis could begin was
how to model the three-category ordinal scaled outcome variable, BCI. The primary
criteria were that any resulting analysis be not only statistically correct in the sense of
adhering to statistical model assumptions, not be overly simplistic at the expense of
foregoing useful descriptions of the results and would yield interpretable results for

managers. We identified three possible approaches. The first was to fit an ordinal
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logistic regression as described in detail in Section 8.2 Hosmer, D.W., Lemeshow, S.
and Sturdivant, R.X. (2013). The second approach used a binary classification that
recoded BCI into two categories: Y = 1 if BCl was good or average and Y = 0 if BCl was
poor. The third approach was to use the multinomial logistic regression model.

We rejected the ordinal logistic regression model as the data did not satisfy a key
assumption, the parallel regression assumption, which states that the coefficients are
the same for relationships between categories of the response variable. In this case,
that would mean the relationship between being average to good body condition would
be equal to comparing good to poor body condition. We rejected the binary logistic
regression model, as it would not allow separate results for the good versus poor and
average versus poor, which may be of interest to managers. Thus, the model we used
was a full 3 category multinomial logistic regression model which yielded probabilities of
inclusion in the poor, average, and good classes.

Multinomial logistic model development followed the methods described in
Chapter 4 of Hosmer et al. (2013). Key steps in this process addressed the need for
interactions between model covariates that made sense biologically. A second modeling
issue addressed was to check the linearity on the logit assumption for continuous
covariates in the model (ts.springtran); no fractional polynomial transformation was
significantly better than linear, indicating that a linear term was the best fit (Hosmer et
al. 2013). The final model: BClit= Bo + B1 period: + B2 ts.springtranit + B3 ADFWOit + Bs
ADMit + Bs SAFit + 37 SAMit + 38 periodi: ADFWOit + B9 periodi:ADMit + 810 periodt: SAFit
+ B11 periodi:SAMi, was evaluated for its goodness of fit using the multinomial model
extension of the Hosmer-Lemeshow test (Fagerland and Hosmer, 2012). Results are
presented by inverting the logit model, using predict function within package nnet in R,

to calculate predicted probabilities (package nnet; Venables and Ripley, 2002).

RESULTS

General overview
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We spent an average of 350 hours flying within the study area in search of bears during
each of the 2017 and 2018 field seasons. Search operations were conducted between
August and early October each year (i.e., when the sea ice is at its minimum in DS and
most bears are onshore) along coastlines, inside fiords, over land and across near-
shore islands, with an average distance flown of about 35,300 km per field season. The
number of bears encountered during each survey season was similar, with a mean of

670 observed bears per field season.

Samples examined

During the 2017 - 2018 study periods, we encountered 1,343 polar bears, of which
1,139 were biopsied. The overall genotyping success rate from these samples was ~
98% (n = 1,116). Field crews identified 493 male and 442 female solitary polar bears.
The sex was correctly determined for 407 males and 368 females (or roughly between
82-84%) by aerial inspection based on verification via genetics. Subadult males were
commonly misidentified as adult females (e.g., up to 70%; Government of Nunavut,
unpublished data), and young adult females were often mis-classified in the field as
subadult males (M. Dyck, personal obs). Field notes and sex identification through
genetics aided in assigning age classes with high confidence.

From our field biopsy samples, we identified 34 individuals that were previously
sampled in BB between 2011 - 2013, 177 individuals that were handled during the 2005
- 2007 DS study, and 669 new individuals that we sampled during 2017 and 2018. Of all
biopsied bears in 2017, 110 were re-sampled during the 2018 field season. Re-
sampling of bears within the same field season was relatively low with approximately 29
bears and 50 bears in 2017 and 2018, respectively, sampled more than once. Biopsy
sampling leaves no visible marks on the individual animal unlike traditional mark-
recapture studies (e.g., Peacock et al. 2013); thus, it is impossible to avoid some re-
sampling, unless every sampled bear receives a dye mark.

Through the harvest sampling program, we submitted 1,623 tissue samples for
genetic analysis, representing kills between 2006 - 2018 from DS and neighboring

subpopulations (n = 445 BB, n = 460 DS, n = 718 FB). Sixty-four of these samples were
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unfit for genetic testing. The genotyping success rate of harvest samples was

approximately 96.0%.

Survival

Our live-capture dataset consisted of 2,513 individuals (1,201 females, 1,312 males)
collected in 2005 - 2007 and 2017 - 2018. We included 233 harvested bears (42
females, 191 males) as dead recoveries reported between 2005 and 2018 (Table 1). Of
these dead recoveries, 22 bears were harvested in BB, 11 in FB, 1 in Lancaster Sound,
and 199 in DS (Figure 2). A total of 681 individuals in our data set were of unknown age
and were assigned the mean numeric age of known age bears within a field age class.
The post-hoc test for overdispersion related to the lack of independence between
females and offspring resulted in a ¢ = 1.30. Convergence was attained for all estimated
parameters in all models (R < 1.02) and trace plots indicated mixing among stationary
chains.

We report results from the best fit model, M2, which we used for inference (Table
2). The best fit model included 3 age-sex classes and year fixed effects for recapture
probability. Further, accounting for differences in recovery by sex (independent males,
independent females) and constraining the estimates to remain time constant provided
the best fit of the models we tested. The best model for survival included a time-
constant estimate for offspring (COY and Yearlings), and separate means for subadults
and adults with separate year random effects. No environmental covariates investigated
for their effects on variation in survival were included in the top model, suggesting that
interannual variation in survival was not related to the environmental covariates
consider in our analyses.

Using combined capture-recapture-recovery data, we were able to estimate
survival in all years (2005 - 2017) for adult bears (Figure 5). Estimates of survival for
younger age classes were limited to years following releases based on the number of
years individuals could remain within that age/sex class and be recaptured or recovered
through harvest (Table 1, Figure 5). Mean survival rates were 0.794 (95% Credible
interval (CRI); 0.723, 0.861) for offspring, 0.873 (95% CRI; 0.826, 0.914) for
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independent subadults, and 0.871 (95% CRI; 0.853, 0.892) for adults (Table 3). Mean
estimates of survival for adults and subadults represent the long-term average or
“global” mean survival for individuals in these age classes for this subpopulation. Annual
departures are modeled as temporal random effects around this mean thereby
producing annual estimates of survival for adults and subadults.

Mean recapture rates in the first year (e.g., 2006) were 0.383 (95% CRI; 0.327,
0.443) for subadults, 0.489 (95% CRI; 0.434, 0.544) for adult males, and 0.338 (95%
CRI; 0.291, 0.390) for adult females and offspring (Table 4). The fixed effects of year
indicated a negligible difference between recapture rates in 2006 and 2007 (B,007 =
-0.026; 95% CRI -0.248, 0.19) (Figure 6). However, the fixed effects of year indicated
recapture rates were lower in 2017 (8,917 = -0.456; 95% CRI -0.810, -0.108) and 2018
(B201s = -0.189; 95% CRI -0.469, 0.089) than in 2006 (Figure 6). Annual estimates of
recapture probability are available in Table 4. Mean recovery rates (i.e., probability of
reporting conditioned on mortality) were 0.072 (95% CRI; 0.053, 0.093) for females and
0.248 (95% CRI; 0.215, 0.282) for males (Table 3).

Abundance

The comprehensive data set used to estimate abundance in 2006, 2007, 2017, and
2018 included 2,226 individuals. The geographic subset data used to adjust abundance
in 2017 included 2,163 individuals. The geographic subset of data used to adjust
abundance for 2018 included 1,995 individuals. Parameter estimates (survival,
recovery, and recapture) from the models fit with the geographic subsets of data were
consistent with the comprehensive data set.

Annual estimates of abundance for the DS subpopulation were 2,190 (95% CRI
1,954 — 2,454) in 2006, and 2,311 (95% CRI 2,111 — 2,536) in 2007. After accounting
for the incomplete sampling adjustment, estimates were 2,085 (95% CRI 1,613 — 2,699)
in 2017 and 1,944 (95% CRI 1,593 — 2,366) in 2018 (Figure 7, Table 5). Geometric
mean subpopulation growth between 2006 and 2018 was 0.989 (95% CRI 0.974 —
1.010) and the probability that subpopulation growth was <1 (e.g., declining) was 0.896
indicating the subpopulation likely declined by at least one bear over this period but
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stability could not be ruled out. The mean estimate for the first sampling period (2006 —
2007) was 2,250 (SD = standard deviation = 133; 95% CRI 1,989 - 2,512). The mean
estimate for the second period (2017 and 2018) was 2,015 bears (SD =251; 95% CRI
1,603 - 2,588). Our estimate of abundance for the first study period (2006 — 2007) fell
within the estimated confidence intervals of abundance between 2005 and 2007
reported by Peacock et al. (2013) (Table 5, Figure 7).

Reproduction

We observed a total of 231 adult females with COYs and 215 adult females with
yearlings across all sampling years (2005 - 2007 and 2017 - 2018) (Table 6). Here, we
report the overall and sampling period means and standard errors as the mean of the
annual estimates and the standard error of the mean annual estimates. The overall
mean COY litter size across all years was 1.43 (standard error of the mean [SE] =
0.039) and varied between 1.44 (SE 0.05) in the first study period (2005 - 2007) to 1.42
(SE 0.03) in the second study period (2017 - 2018) (Table 6). The overall mean yearling
litter size was 1.53 (SE 0.088) and varied between 1.52 (SE 0.037) in the first study
period and 1.54 (SE 0.17). Mean COY recruitment (e.g., number of COYs per adult
females) ranged from 0.23 to 0.45 and mean yearling recruitment (e.g., number of
yearlings per adult female) ranged from 0.23 to 0.41 (Table 7). The ratio of the number
of females with CQOY litters to the number of total adult females varied annually and
ranged from 0.16 in 2007 to 0.32 in 2017 (Table 7).

Body condition

Observations of BCI were taken on 1911 bears from 2005 - 2007 and 895 bears from
2017 - 2018 from early August to early October (Table 8). Bears were less likely (Wald z
test P < 0.001) to be in poor body condition in the 2015 — 2017 sampling period. On
average, bears observed in 2005 — 2007 had a 25% chance of being in poor body
condition and 8% chance during 2017 -2018. (Figure 8, Table 9). Adult males and adult

independent females were more likely to be in better body condition than subadults or
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females with offspring. On average, adult males and independent adult females had a
40% probability of being in good condition while subadults had 12% probability and
females with offspring had a 5% chance of being scored as good condition, regardless
of when they were observed (Figure 9). Overall, bears sampled later in the season were
less likely to be in good body condition for a given year (Wald z test P < 0.05; Figure 9).

DISCUSSION

General

This study reports subpopulation abundance, survival, subpopulation growth,
reproductive indices and body condition using the data from surveys conducted in the
DS polar bear subpopulation between 2005 - 2007 and 2017 - 2018 along with dead
recoveries of harvested bears from 2005 - 2018. Moreover, we evaluate the effects of
environmental covariates on DS polar bear survival and body condition. We provide
updated estimates of abundance, survival, reproduction, and body condition that can be

used to inform harvest management.

Abundance

We estimated abundance in 2006, 2007, 2017, and 2018 to compare to estimates from
previous analyses (Peacock et al. 2013) and provide updated estimates for use in
harvest management. Again, we define abundance here as the actual realized number
of bears within this subpopulation (e.g., expected number of bears within the DS
boundaries at these time periods). Peacock et al. (2013) estimated abundance for the
combined period of 2005 — 2007 at 2,158 (95% CI 1,833 — 2,542). Our annual estimates
and early study period estimate fell within the confidence limits of these estimates even
with major differences between our datasets (more years of data) and minor differences
in analytical methods (Table 3, Figure 7). We estimated abundance in the most recent
sampling period (2017 - 2018) by adjusting for incomplete sampling following an
approach used to adjust for sampling differences in Baffin Bay (SWG 2016, Atkinson et
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al. 2021). Fortunately, the unsampled area included a relatively small portion of the total
bears encountered in the DS and represented, at maximum, a difference of 7% between
the adjusted and unadjusted estimates. The geometric mean growth rate between 2006
and 2018 indicates the subpopulation has most likely declined (mean = 0.989; 95% CRI
0.974 - 1.010), which suggests that the Nunavut management objective to decrease the
subpopulation over this period was met to some degree. Harvest management varies
across jurisdictions. The total allowable harvest in Nunavut was increased in 2013 from
46 to 61 bears per year based on traditional knowledge of increased abundance.
However, the reported removal only increased by 13%, to 44.2 bears per year.
Newfoundland and Labrador also increased the total allowable harvest from 6 to 12
bears annually over a similar period. While there are no quotas or mandatory reporting
in Québec, of the bears reported removed, there was an increase over this time. The
DS harvest quota was 73 (NL, NU) + 3 (Greenland) + QC with a reported annual mean
removal of 86.8 bears in 2009 - 2019 compared to 64.1 during 1998 - 2008 (Table 10).
Thus, it is possible that harvesting impacted abundance between our two study periods
(2005 - 2007 and 2017 - 2018). However, the upper 95% credible interval of geometric
mean growth rate overlaps 1, indicating there is a 0.104 probability that the
subpopulation remained stable or increased over this period and a 0.896 probability that
the subpopulation declined. These estimates currently represent the best-available

science and are suitable for informing management.

Survival

Capture-recapture data were collected intermittently, and recapture probabilities were
estimable for a total of 4 years across two sampling periods. In our top model (M11),
recapture probability varied annually and across three age-sex classes which was
consistent with the age-sex class structure used in previous analyses (Peacock et al.
2013). However, we note that Peacock et al. (2013) included a geographic component
to model variation in survival (S), recovery (r), and recapture (p) probability as a function
of a bear’s initial capture location (e.g., North, Central, and South Davis Strait). We did

not incorporate a geographic component in our models because we did not believe
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there was sufficient evidence to support 3 distinct subpopulations within the DS region,
and furthermore, did not want to reduce sample sizes which would limit the scope of
inference. Recapture rates of adult males were, on average, higher than those
estimated for subadults or females and offspring, a finding consistent with previous
analyses (Peacock et al. 2013). Recapture rates may vary by sex due to sex-based
habitat segregation. Overall, recapture rates were higher in the first sampling period
(2006 and 2007) than in the most recent sampling period (2017 and 2018). These
results may reflect the change in capture methods (e.g., physical versus genetic) and/or
a decline in survey effort. Estimates of recapture probabilities in the 2017/2018 period
were less precise than those in the 2006/2007 period which is consistent with the
extended interval between capture-recapture surveys. Recapture rates for Davis Strait
polar bears are high compared to other subpopulation surveys (e.g., Lunn et al 2016).
We suspect this is related to the particularly large number of individuals marked over a
relatively short period of time (n = 2,513) and known late summer / fall concentration of
bears on the northernmost portion of the Labrador Peninsula and Button Islands
(Government of NL, unpublished data).

Our top model for recovery probability included 2 sex classes and was time
constant. In contrast, Peacock et al. (2013) included a time period effect and an
additional class to account for females harvested along with their offspring. Here, we did
not consider an additional class for females with offspring because management
systems preclude harvesting of family groups and during this period no marked females
with COY were harvested. Several yearlings were harvested; however, they were likely
independent at the time of harvest because they would have been > 1.5 years old and
exhibited behaviours more like subadults than offspring. Furthermore, recovery rates
were considerably higher for independent males than for independent females,
consistent with male-biased harvest and estimates from earlier analyses (Peacock et al.
2013).

Our top model for survival and estimates therein differed from those in the
previous analysis. In contrast to previous work, we found no support for differences in
survival between COY and yearling or for sex-specific survival rates for any age class.

Further, we did not explore geographic variation in survival rates. However, the point
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estimates of survival by geographic region were similar (Table SM2 and see Peacock et
al. 2013) and we do not expect this to be a significant source of variation in survival.
Though our point estimates of survival fall within the 95% confidence levels reported in
Peacock et al. (2013), they are generally lower than those estimated for the overlapping
period between these two studies (2005 - 2008) and we expect there are two possible
explanations. The use of fixed effects to model full temporal variation in survival can
bias estimates towards the boundaries (e.g., 0 or 1) when data are sparse (Kéry and
Schaub 2012). The use of “time-binning”, or averaging, estimates over a subjective time
length is commonly implemented to overcome this issue while still accounting for some
temporal variation (e.g., Peacock et al. 2013). However, because years with more data
can have a strong influence on the mean estimate over the defined period, relative to
true temporal variation, this approach can induce further bias (Koons et al. 2019).
Considering Peacock et al. (2013) had separated the data into geographic regions, thus
limiting sample size, and then used a time-binning approach, it is possible that the
resulting point estimates of survival were biased high. Second, Peacock et al. (2013)
included only known-age bears, and thus they were able to model adults (<20 years old)
separately from senescent bears (=20 years old). Survival estimates of senescent
bears (=20 years old) from DS and other subpopulations (e.g., Lunn et al. 2016,
Peacock et al. 2013) are generally lower than those of prime-age adult bears (5-20
years old). Because the final two years of this data set are from non-invasive genetic
captures only, we no longer have the information necessary to age-classify bears with
that resolution. Thus, including the senescent bears with prime age adults likely reduced
the overall estimate of adult survival. Finally, negative bias in survival estimates may
occur at the end of a time series due to temporary emigration from the study area.
Though we expect high site fidelity to the management region during the ice-free period,
it is certainly possible that individuals had moved temporarily outside of the study area
inducing negative bias on survival estimates. However, if this were the case, we would
expect to see a decline in the annual estimates for adult bears in the final years of the
study which did not occur.

Posterior estimates of survival for subadults were less precise and more variable

than those for adults. While we expect subadult survival to be more variable than that of
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adults, the sample sizes of subadult bears were generally lower than adults, and without
physical recapture to age the bears misclassification could have further contributed to
the level of uncertainty in our estimates (e.g., some adult bears classified as subadults)
(Figure 8, Table 4). The effects of sample size and the time between study periods were
reflected by the imprecision or lack of subadult survival estimates in the years right
before the second study period (Figure 5). Our survival estimates of offspring (COY and
yearlings) were lower than estimates from the neighboring BB subpopulation (Atkinson
et al. 2021) and those produced in the previous DS analysis (Peacock et al. 2013). Due
to the intermittent surveys, we were unable to estimate annual survival rates for
offspring and subsequently could not explore the effects of environmental factors on this
sensitive life stage.

We tested a series of survival models including environmental covariates that
have been evaluated across other polar bear studies. Previous research identified harp
seal abundance and mean summer sea-ice concentration to be important predictors of
DS polar bear survival (Peacock et al. 2013). In contrast to findings from Peacock et al.
(2013), we were unable to detect a relationship between harp seal abundance or
summer sea-ice concentration and survival. We should note that Peacock et al. (2013)
analyzed data between 1974 and 2008, over which time harp seal abundance increased
considerably (Hammill et al. 2021). While harp seal abundance increased between 2005
and 2018, numbers remained consistently high (> 5 million seals) (Hammill et al., 2021).
Thus, we expect that when harp seal abundance was increasing over time this may
have contributed to an increase in DS polar bear survival; however, now that harp seal
abundance has stabilized, it likely has a less detectable influence on changes in polar
bear survival. Peacock et al. (2013) identified support for a positive effect of mean
summer sea-ice concentration on survival when the concentration was between 17%
and 29%, however, mean summer sea-ice concentration did not exceed 8% within our
study period. We investigated the relationship between sea-ice decay rate and survival
following Lunn et al. (2016). Similarly, we found no relationship between DS polar bear
survival and rate of sea-ice decay. Furthermore, we found no effect of the number of
ice-free days on survival. The NAO and AO winter indices are strong indicators of sea-

ice extent during the spring to summer period (Stern and Heide-Jorgensen 2003, Heide-
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Jorgensen et al. 2007) though neither index had any detectable effect on polar bear
survival in our independent or additive models.

For polar bears, modeling patterns of temporal variation in survival is a key step
towards understanding how harvest and environmental change can affect subpopulation
dynamics. For the DS subpopulation, we used sparse data to make inferences about
temporal variation in survival and investigate relationships between survival and
environmental conditions. Large sample sizes of marked and recovered bears allowed
us to explore temporal variation in a more explicit manner than previous analyses (e.qg.,
Baffin Bay [SWG 2016]). Specifically, within our modeling framework we were able to
incorporate year-specific random effects on survival and were not limited to time
constant or time binned estimates. Treating year effects as random variables generates
estimates influenced primarily by the long-term mean and annual variance. Estimates
deviate only when data support it, which is particularly advantageous in sparse data
situations (Royle and Link 2002, Koons et al. 2019). The main benefit of using a random
effects approach for modeling survival was the opportunity to estimate the percent of
temporal variation explained by the addition of covariates (Kery and Schaub 2012).
However, our analysis did not find a significant relationship between survival and any of
the environmental covariates we tested. To contrast with our random effects approach,
we ran an additional model (supplementary material, Table SR2) similar to model M2,
but without year random effects for survival. The model was more parsimonious in that
the WAIC values was substantially lower than those reported for our top model likely
due to the reduction in the number of parameters (i.e., no year random effects). Despite
the structural differences, the results from the time-constant model were consistent with
its counterpart (M2). Specifically, there was considerable overlap between the
posteriors for comparable parameters (Table SR2). There are several advantages to
using random effects and mixed effects models; however, we note that the time-
constant and fixed effects covariate models delivered comparable results and were
more parsimonious.

Here, we present an improved analytical approach assessing a series of models
that built upon previous analyses. The duration of the surveys and time between

surveys ultimately limited our ability to make complete inference about temporal
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patterns in survival of all age-sex classes. Specifically, we were unable to model
temporal variation in offspring survival and could not estimate survival for subadult polar
bears in 2015 and 2016. We had a large sample of known-age bears from the initial
capture period which was conducted with physical capture techniques and included
marking COY. However, we could no longer estimate survival separately for adults and
senescent bears. Moving forward with genetic mark-recapture only, we will lose more
critical age-specific information and will not be able to estimate age-specific survival
rates with the same degree of resolution that is possible during physical capture-
recapture studies that provided numeric ages based on counts of cementum annuli.
Future analyses may need to rely on field classifications, which are prone to error
(Nunavut unpublished data) and may require more complex models to accommodate
such uncertainty (e.g., multievent models [Pradel 2005]). Alternatively, we will need to
further reduce model complexity and limit the age/sex classes to dependent and
independent (e.g., <2 and >2 years old) which has been required for other polar bear
subpopulations). While genetic mark-recapture has significant benefits, most notably
lower intrusiveness and less stress on the bears, the implications of forgoing age-
specific survival estimations needs to be acknowledged and carefully considered as part
of study design and methodological processes. Integrating auxiliary data sets (e.g., sex-
specific age-at-harvest data, harvest counts, satellite telemetry) may offer a
considerable opportunity to estimate demographic rates more precisely when other data

are sparse or intermittently collected.

Reproduction

We calculated reproductive metrics annually and by study period where possible.
Drawing conclusions about how reproductive metrics differ between the two study
periods is challenging because of the change in survey methods and sample sizes.
Here, capture-recapture surveys were conducted during autumn and thus reproductive
metrics cannot be compared to those estimated for populations surveyed in the spring
because we do not have information on COY mortality between 0 and 9 months.
Though it is difficult to compare reproductive metrics across subpopulations due to

differences in sampling and analytical methods, estimates of CQOY litter size in DS in the
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previous study were the lowest of any other subpopulation studied during the autumn
(Peacock et al. 2013). We calculated COY litter size to compare to previous estimates
as the number of COYS divided by the number of adult females with COYS where our
sample size reflects the number of adult females with COYS in our sample. Peacock et
al. (2013) estimated COY litter size for the period between 2005 - 2007 as 1.49 (SE
0.14, n = 116). Over the same study period, we estimated COY litter size to be 1.43 (SE
0.05, n = 130) (Table 6). Our estimate of CQY litter size for the 2017 - 2018 period was
1.42 (SE 0.03, n = 102), which is very similar to our estimate in the previous period.
Overall COY litter sizes for the DS subpopulation remained lower than estimates for
other subpopulations including Baffin Bay and Western Hudson Bay, both seasonal ice
populations (Laidre et al. 2020a, Lunn et al. 2016). Peacock et al. (2013) did not report
yearling litter size; thus, we cannot compare our estimates to previous estimates for the
DS subpopulation. However, our estimates of yearling litter size (Table 6) are generally
consistent with those estimated for Baffin Bay between 1993 and 2013 (Laidre et al.
2020a).

Recruitment of COY (e.g., ratio of COY to adult females) is considered an
important reproductive metric to monitor for polar bear populations (Vongraven et al.
2012). Our estimates of COY recruitment ranged between 0.23 and 0.45 and are
substantially lower than those estimated for Baffin Bay across the time period 1993 -
2013 where values ranged between 0.55 and 0.83 (Laidre et al. 2020a). However, low
rates of COY recruitment are consistent with low CQOY litter size in DS. Yearling
recruitment (e.g., the ratio of yearlings to adult females) can be used as an indicator of
population persistence (Regehr et al. 2017a). Studies indicate that yearling recruitment
rates between 0.1 and 0.3 are sufficient for subpopulation persistence provided
sufficiently high survival probability (Regehr et al. 2017a). Our estimates of yearling
recruitment varied between 0.23 and 0.41 across our study period (2005 — 2018). These
values are less variable but generally consistent with estimates from BB for the period
between 1993 and 2013 (Laidre et al. 2020a). Despite low CQOY litter size, the
recruitment of yearlings is seemingly adequate to sustain a viable DS subpopulation,
although further demographic analyses are necessary to assess the subpopulation

growth rates that would follow from the estimates of reproduction and survival in this
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study (Regehr et al. 2017a, Laidre et al. 2020a). Insight into reproductive dynamics for
the DS are limited due to intermittent capture-recapture surveys. Increasing the duration
of the survey periods may help provide further insight into annual variation in
productivity, effects of environmental conditions on productivity, and how reproduction

affects overall subpopulation dynamics.

Body condition

Observations collected during 2017 — 2018 reveal bears in DS were in better body
condition than during surveys in 2005 - 2007. Similar improvements in body condition
for polar bear subpopulations have been noted during studies in the last 10 years (e.qg.,
2011 - 2018), including Kane Basin (Laidre et al. 2020b), Gulf of Boothia (Dyck et al.
2020a), and M’Clintock Channel (Dyck et al. 2021). These subpopulations represent a
range of ecosystems, though all have some amount of ice that persists through the
summer and fall, whereas DS experiences a mostly ice-free summer (Stern and Laidre
2016).

Like other subpopulations, females with offspring were most likely to be in poorer
body condition while adult males and independent females had the highest probabilities
of being in good body condition (Laidre et al. 2020b, Rode et al. 2014, Dyck et al.
2020a, Dyck et al. 2021), though this relationship may vary seasonally or by ecosystem
(Laidre et al. 2020a). Over the past 10-15 years, harp seal numbers in Davis Strait
remained abundant (Hammill et al. 2021) and their availability likely contributed to
improved polar bear body condition. Moreover, the annual DS harvest rate after 2008
increased from 64 to 86.8 bears and may have indirectly affected body condition of
bears by reducing subpopulation density.

MANAGEMENT IMPLICATIONS

Through this study we demonstrated that sample sizes were sufficiently large for
estimating annual survival rates for adult polar bears given the number of dead

recoveries between the two capture-recapture periods. However, the duration of time
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between capture-recapture surveys (10 years for this subpopulation) ultimately limited
our ability to make complete inference about annual changes in survival (e.qg.,
inestimable for offspring and subadults in certain years) and resulted in less precise,
estimates of recapture probability in the later survey period following an extended
interval without capture surveys and therefore a diminished sample size of marked
bears available for recapture. Subsequently, estimates of abundance in the later survey
period, particularly in the first sampling year, are imprecise, limiting our ability to
estimate trends in abundance over the time series. The negative effect of long periods
between sampling efforts on obtaining more precise parameters and subpopulation
demographics to inform management has also been noted recently for other
subpopulations (Dyck et al. 2020a, Dyck et al. 2021). Sampling efforts, either capture-
mark-recapture surveys or intermittent sampling to increase the number of marked
individuals in the subpopulation, could be conducted with fewer years between them to
provide a more detailed and accurate picture of how the subpopulation is changing over
time. Analyses to determine the optimal survey frequency and sample size for DS are
forthcoming in separate independent analyses.

Ideal wildlife management includes not only obtaining census data but also
information about wildlife distributions and habitat use. This is particularly important in
the Arctic where reports of human-bear interactions are increasing, and habitat is
rapidly changing. Recent studies of long-term movement data for polar bear studies in
the BB and Kane Basin subpopulations documented changes in denning habitat, habitat
use and distribution (Escajeda et al. 2018, Laidre et al. 2018a, b) in response to long-
term changes in sea-ice patterns and environmental changes. In addition, movement
data can assist in determining the degree of temporal emigration, improve survival
estimates, and can be used to determine whether an abundance estimate relates to a
superpopulation (see Dyck et al. 2020a, b for details). Like recent studies in the Gulf of
Boothia and M’Clintock Channel polar bear subpopulations (Dyck et al. 2020a, Dyck et
al. 2021), use of satellite telemetry in DS was not supported by Inuit co-management
partners given the option of utilizing less-intrusive biopsy darting and this was accepted
by the study team. This decision limited our ability to make inferences about distribution

and habitat use. From dead recovery data, however, it appears that the boundary for
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the DS subpopulation is still valid since over 85% of harvested bears were recovered
within the DS management unit. Additionally, satellite telemetry from the northern
neighboring subpopulation BB, supports the delineation between the two
subpopulations (Laidre et al., 2018a).

Davis Strait is a subpopulation that is shared between Greenland and Canada
(Nunavut, Newfoundland and Labrador, Québec), and is harvested by hunters in
portions of their range in each of these jurisdictions (Peacock et al. 2013, Rode et al.
2012). This survey, inclusive to 2018, provides managers and responsible jurisdictions
with an updated subpopulation estimate to inform respective jurisdictional harvest
management objectives. Objectives among jurisdictions may not always be aligned and
to ensure the sustainability and health of this subpopulation, communication on
management objectives are required. Any such efforts are now informed by the updated
survey findings presented in this report. Harvest risk assessment (HRA) is a relatively
recent analytical tool that considers various harvest options under varying
environmental conditions and levels of harvest risks (Regehr et al. 2017a, b; 2019).
Moving forward, such analytical tools may be an appropriate for the multi-jurisdictional

DS subpopulation should management authorities feel it warranted to pursue.
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Figure 1. The Davis Strait polar bear subpopulation (blue outline) with different
jurisdictions in shades of gray (Newfoundland and Labrador [Nunatsiavut], light
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gray; Nunavut, dark gray; Québec [Nunavik], medium gray).
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Figure 2. Sampling (blue triangles) and harvest (red circles) locations for Davis Strait
polar bears where coordinates for both events for the same individual bear
were available (n = 163). Green lines indicate subpopulation boundaries.
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Figure 3. Sampling locations by field season (blue = 2017; purple = 2018) within the
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Davis Strait polar bear study area (Note: the sampling stratification for the
coastline shown by black lines, the 10km and 30km strata are also indicated).
Inset: Davis Strait subpopulation area in context of Canada.
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Figure 4. Overview of bear observations and helicopter paths flown in search for polar
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bears in Davis Strait during August - October 2017 and 2018. Inset: Davis
Strait subpopulation area (red) in context of Canada.
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Figure 5. Estimates of annual survival rates for Davis Strait polar bears by age class.
Light gray squares and dashed lines are the annual means and 95% Bayesian
credible intervals for offspring (cubs-of-the-year and yearlings). Dark gray
triangles and dotted lines are the annual means and 95% credible intervals for
subadult polar bears (males: 2-7 years, females: 2-4 years). Black circles and
solid black lines are the annual means and 95% Bayesian credible intervals for
adult polar bears (males: 8+ years, females: 5+ years). Using combined
capture-recapture-recovery data, we estimated survival in all years for adult
polar bears; however, estimates of survival for younger age classes were
limited to years following releases.
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Figure 6. Estimates of annual recapture probability of Davis Strait polar bears by age
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and sex class. Capture-mark-recapture data were collected intermittently, and
recapture probabilities were estimable for only four years across two sampling
periods. Light gray squares and dashed lines are the annual means and 95%
Bayesian credible intervals for subadult polar bears (males: 2-7 years old,
females 2-4 years old). Dark gray triangles and dotted lines are the annual
means and 95% Bayesian credible intervals for adult females (5+ years old)
and offspring (cubs-of-the-year and yearlings). Black circles and solid lines
are the annual means and 95% Bayesian credible intervals for adult male
polar bears.
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2018 only because those were the only years in which recapture probability
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the period of 2005 - 2007 and reported by Peacock et al. (2013) for
comparison.
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Table 1. Number of live observations (black, captures & recaptures) and dead
recoveries (gray, in parentheses) of individually identified polar bears in the
Davis Strait subpopulation used in survival estimation. No marked cubs of the
year (COY) were harvested in our data set. However, there were a total of 9
marked bears harvested as yearlings (1.5 years old) prior to becoming
subadults (at 2.5 years old).

Year Adult Adult Subadult Subadult  Yearlings Coy
Males Females Males Females

2005 207 175 115 32 40 51

2006 263 (3) 206 (3) 160 (3) 64 (0) 70 (1) 76

2007 269 (4) 251 (2) 152 (5) 54 (0) 102 (1) 57

2008 a7) (4) 9) (2) (2)

2009 (12) A3) (12) (4) )

2010 (12) (1) (8) 1)

2011 (17) ©) (3)

2012 (9) ) (1)

2013 (16) 3) (2)

2014 (11) (4) )

2015 (10) 3) (1)

2016 9) ©)

2017 156 (6) 172 (0) 48 (0) 40 (0) 46 (0) 76

2018 153 (13) 191 (2) 93 (1) 51 (1) 54 (3) 66
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Table 2. Sequential model selection for Davis Strait polar bear survival and encounter probabilities based on information
criterion (WAIC) to address our primary objective of identifying temporal patterns in survival.

Model Parameterization WAIC AWAIC

Step 1. Best model for age structure in survival; includes random effects
M2 3 age classes; Dependent young, Subadults, Adults 6883.6
M1 4 age classes; COYS, Yearlings, Subadults, Adults 6891.6 8.0

Step 2. Best model for sex structure in survival using the best model for age structure in survival (Model M2); includes
random effects

M2 3 age classes; Dependent young, Subadults, Adults 6883.6

M4 4 age-sex classes; Dependent young, subadults, adult males, adult females 6899.4 15.8

M3 5 age-sex classes; Dependent young, subadult males, subadult females, adult males, adult 6910.3 26.7
females

Step 3. Best model for temporal variation in survival using the best model for age/sex structure in survival (Model M2)

M2 Subadult and Adult class year random effects 6883.6
M5 Subadult and Adult class linear trend with year random effects 6888.0 4.4
M6 Subadult and Adult class year fixed effects 6903.8 20.2

Step 4. Best model for temporal variation in recovery using the best age/sex structure for survival (Model M2)

M2 2 sex classes; constant 6883.6
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M8
M7

2 sex classes; shared year random effects

2 sex classes; year random effects

6890.1
6894.2

6.5
10.6

Step 5. Best model for age/sex structure in recapture probability using the best structure for survival and recovery (Model

M2)
M2

M9

Step 6. Quantify effects of environmental covariates on adult and subadult survival

M2

M10
M11
M14
M13
M12
M15
M16
M17

3 age-sex classes and year fixed effects; Subadults, Females and Dependent young, Adult

males

4 age-sex classes and year fixed effects; Subadult Male, Subadult Female, Females and

Dependent Young, Adult males

Year random effect

Ice decay + year random effect

Ice-free days + year random effect

NAOw + year random effect

Mean summer ice concentration + year random effect
Harp seals + year random effect

AOw + year random effect

Ice decay + harp seals + year random effect

Ice decay + NAOw + ice-free days + year random effect
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6883.6

6886.6

6883.6
6884.2
6884.8
6885.1
6885.9
6893.3
6893.7
6893.9
6894.5

3.0

0.6
1.2
15
2.3
9.7
10.1
10.3
10.9



Table 3. Parameter estimates from the top model for Davis Strait polar bears with data
from 2005 - 2018 (model M2; Table 2). Demographic parameters are reported
as the mean, standard deviation, and 95% Bayesian credible intervals (CRI)
on the probability scale. Temporal variance is reported on the logit scale.

Parameter Mean SD 95% CRI
Offspring survival 0.794 0.0353 (0.723, 0.861)
Subadult survival 0.873 0.0230 (0.826, 0.914)
Adult survival 0.871 0.009 (0.853, 0.892)
Male recovery 0.248 0.017 (0.215, 0.282)
Female recovery 0.072 0.010 (0.053, 0.093)
Temporal variance: subadult survival 0.236 0.336 (0.0019, 1.093)
Temporal variance: adult survival 0.048 0.059 (0.000007, 0.215)
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Table 4. Recapture probability metrics for each year and each recapture age-sex class.
(LCRI = lower Bayesian credible interval, UCRI = upper Bayesian credible
interval)

Recapture Class Year Mean SD 95% LCRI 95% UCRI

Females & Offspring

2006 0.338 0.025 0.291 0.390
2007 0.332 0.020 0.294 0.373
2017 0.246 0.030 0.191 0.308
2018 0.298 0.025 0.252 0.349
Subadults
2006 0.383 0.029 0.327 0.443
2007 0.377 0.025 0.329 0.427
2017 0.284 0.037 0.218 0.360
2018 0.340 0.031 0.284 0.402
Adult Males
2006 0.489 0.028 0.434 0.508
2007 0.482 0.024 0.437 0.528
2017 0.378 0.039 0.305 0.459

2018 0.442 0.032 0.380 0.506
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Table 5. Abundance estimates from our model (2006-2018) and average estimate
over 2005-2007 from Peacock et al. (2013). In 2017, surveys were not
conducted on Edgell and Resolution Islands. In 2018, surveys were not
conducted on Edgell and Resolution islands or in an area around
Loksland. Abundance estimates were subsequently adjusted for these
incomplete surveys (see Methods for details; CRI = Bayesian credible

interval).

Year  Annual estimate Study period Peacock et al. estimate
(95% CRI) estimate Average over 2005-2007
(95% CRI) (95% Confidence Interval)

2006 2,190 2,250 2,158

(1,954 — 2,454) (1,989 - 2,512) (1,833 - 2,542)
2007 2,311

(2,111 - 2,536)
2017 2,085 2,015 NA

(1,613 — 2,699) (1,603 — 2,588)
2018 1,944

(1,593 — 2,366)
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Table 6. Annual numbers of litters and mean litter sizes (LS) of cub-of-the year (COY)
and yearling (YRL) litters encountered during the capture-recapture studies in

Davis Strait.

No. COY litters

Mean COY LS

No. YRL litters

Mean YRL LS

2005 2006 2007 2017 2018
38 51 41 55 47
1.39 1.49 1.41 1.40 1.45
27 45 67 38 38
1.48 1.56 1.52 1.66 1.42
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Table 7. Ratio of the number of cubs-of-the-year (COY) to adult females (ADF), the
number of yearlings (YRL) to adult females, and the number of adult females
with cubs-of-the-year (ADF_COQOY) to adult females in the subpopulation.

2005 2006 2007 2017 2018
COY: ADF 0.30 0.37 0.23 0.45 0.36
YRL: ADF 0.23 0.34 0.41 0.37 0.28
ADF_COY: ADF 0.21 0.25 0.16 0.32 0.25
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Table 8. Number of polar bears classified in each category of body condition index (BCI)
in the Davis Strait subpopulation 2005 - 2007 and 2017 - 2018. Poor BCI
corresponds to a thin bear (BCI of 1 or 2) and Good BCI corresponds to a
fat/obese bear (BCI of 4 or 5). Age classes are adult (= 5 years) and subadult

(2 - 4 years).
2005 - 2007 2017 - 2018

Poor Average Good Poor Average Good
Adult female 66 157 135 5 87 74
without
offspring
Adult female 113 146 13 17 176 10
with offspring
Adult male 97 292 343 31 180 101
Subadult male 102 240 67 15 99 13
Subadult female 38 90 12 6 67 14
Total 416 925 570 74 609 212
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Table 9. Fitted multinomial regression model parameter estimates (reference level = “poor’/BCl = 1 or 2, intercept
represents adult independent females in 2005 - 2007 sampling period) for body condition index analysis of the
Davis Strait subpopulation. See Methods for variable definitions.

Parameter estimate + SE

BCI Intercept Time Period Adult Adult  Sub- Sub- Period x Period Period Period x
since female male  adult adult adult X Adult x Sub-  Sub-
spring with female male female male adult adult

transition offpsring with female male
offspring

Average 0.98 = -0.001 £ 197+ -061+ 0.24= -0.009 -0.013 0.09 = -1.33+  -0.44 = -0.96

0.307 0.002 0.486 0.193 0.188 +0.243 +0.188 0.560 0.533 0.672 0.569

Good 1.40 £ -0.006 + 1.85+ -289+ 056+ -190+ -1.15+ -0.33z% -206+ 0.04 x -1.69 £

0.343 0.003 0.490 0.329 0.190 0.364 0.218 0.694 0.540 0.764 0.636
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Table 10. Reported mean harvest for the Davis Strait (DS) polar bear subpopulation by
jurisdiction between 1999-2008 and 2009-2019 [Numbers represent mean +
standard deviation (range); NU = Nunavut, NL = Newfoundland and Labrador,
GL = Greenland].

Harvest Proportion
Years Jurisdiction DS Mean Female
NU Quebec NL GL
1999-2008 394+46 165+84 59+14 23+20 64.1+10.1 0.345
(34 —48) (7 -31) (4-28) 0-7) (53 -81)

2009-2019  44.2+10.1 302%59 109+35 15+15 86.8+236  0.350
(31-60) (12-59) (2-14) (0-4)  (62-126)
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SUPPLEMENTARY MATERIALS
Supplementary Methods

Table SM1. Parameters, their definitions, and prior distributions used in a multistate
model for Davis Strait polar bears.

Parameter Definition Prior Distribution
Scoy Survival probability of cubs-of-the-year Uniform (0, 1)
Syrt Survival probability of yearlings Uniform (O, 1)
Sca Survival probability of subadults Beta (14.07, 2.68)
mu = 0.84, sd = 0.09
Ssaf Survival probability of subadult females Beta (29.24, 4.04)
mu = 0.88, sd = 0.06
Ssam Survival probability of subadult males Beta (12.23, 2.90)
mu = 0.81, sd = 0.10
Sad Survival probability of adults Beta (46.49, 4.70)
mu = 0.91, sd = 0.04
Sadf Survival probability of adult females Beta (36.45, 2.70)
mu = 0.93, sd = 0.02
Sadm Survival probability of adult males Beta (47.20, 6.01)
mu = 0.89, sd = 0.04
Osa Standard deviation for temporal variance of subadult Uniform (0, 4)
survival
Oad Standard deviation for temporal variance of adult Uniform (O, 4)
survival
B Regression coefficient Normal (0, 10)
Tf Recovery probability for females Uniform (0, 1)
Tm Recovery probability for males Uniform (O, 1)
Pfa Recapture probability for females and offspring Uniform (0, 1)
Psa Recapture probability for subadults Uniform (O, 1)
Pam Recapture probability for adult males Uniform (O, 1)
Byear Year fixed effect term for recapture probability Normal (O, 10)
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Table SM2. Point estimates of total survival (includes natural and harvest mortality) from
capture-recapture studies for polar bears. These values were used to generate
informative priors for survival in a multi-state capture-recapture-recovery
model for polar bears in Davis Strait. Further details on their use in the main
text (Methods — Model implementation, fit, selection). Table adapted from
supplementary table S3 in Regehr et al. (2018).

Subpopulation Subadult Adult Subadult Adult Males
Females Females Males
Baffin Bay* NA 0.95 NA 0.87
Davis Strait — Central? 0.92 0.95 0.89 0.94
Davis Strait — North? 0.9 0.94 0.87 0.92
Davis Strait — South? 0.92 0.95 0.89 0.94
Gulf of Boothia3 0.9 0.92 0.88 0.92
Kane Basin?! 0.73 0.95 0.52 0.87
Lancaster Sound* 0.88 0.94 0.79 0.89
McClintock Channel® 0.90 0.90 0.90 0.88
Northern Beaufort Sea® 0.91 0.91 0.83 0.83
Norwegian Bay* 0.88 0.94 0.79 0.89
Southern Beaufort Sea’ 0.92 0.95 0.87 0.93
Southern Hudson Bay?® 0.92 0.91 0.86 0.86
Viscount Melville® 0.91 0.91 0.77 0.77
Western Hudson Bay*° 0.82 0.94 0.75 0.90
Chukchi Seatt 0.79 0.90 0.71 0.89

1. SWG (Scientific Working Group to the Canada-Greenland Joint Commission on

Polar Bear). Re-Assessment of the Baffin Bay and Kane Basin Polar Bear

Subpopulations: Final Report to the Canada-Greenland Joint Commission on
Polar Bear. 31 July 2016: x + 636 pp (2016).
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Supplementary Results

Prior sensitivity analysis

To evaluate the sensitivity of our parameter estimates to the choice of priors, we fit the “top” model (M2) using
informative (Beta distributions; Table SM1) and uninformative (Uniform (0, 1)) priors and compared the resulting estimates
and posterior distributions. Results generated from the model initialized with uninformative priors were not used for

making inference. We report the results below with direct comparisons.

Additional analysis — time constant and fixed effect models

To explore more parsimonious models, we compared our top model (M2) to one with the same age-sex structure
assuming survival is constant over time. Such models are more commonly applied in the polar bear literature often due to
data limitations. In most cases, sample size, the number of consecutive sampling years, and/or the duration between
sampling periods precludes more in-depth exploration of temporal variation (e.g. year random effects) in polar bear
survival. Our DS dataset was robust and allowed us to explore temporal variation in survival, which is more biologically
accurate. However, we wanted to fully evaluate our top model's performance against models more commonly used in
polar bear survival. This model included the same general structure as model M2 but did not include year random effects
on subadult or adult survival (model M2X). We do not use this comparison for inference but report the results below with
direct comparisons of the posterior estimates and distributions with our random effects top model (M2). All models were
initialized using the same prior distributions and MCMC sampling specifications in JAGS (see Methods: Model

implementation, fit, and evaluation).
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Prior sensitivity analysis

Table SR1. Results of a prior sensitivity analysis comparing parameter estimates from Model M2 initialized with
informative priors for adult and subadult survival compared with estimates from Model M2U initialized with
uninformative (uniform) priors for adult and subadult survival. Model M2 includes the best fit model structure for
survival, recovery, and recapture probabilities without environmental covariates. Demographic parameters are
reported as the posterior mean, standard deviation, and 95% Bayesian credible intervals (CRI) on the probability
scale for averages over time. Temporal variance estimates are reported on the logit scale.

Model M2: informative priors for adult
and subadult survival

Model M2U: uninformative priors for
adult and subadults

Parameter Mean SD 95% CRI Mean SD 95% CRI

Offspring survival 0.794 0.0353 (0.723, 0.861) 0.793  0.036 (0.721, 0.862)
Subadult survival 0.873  0.0230 (0.826, 0.914) 0.873  0.022 (0.827, 0.913)
Adult survival 0.871  0.009 (0.853, 0.892) 0.869  0.010 (0.849, 0.888)
Male recovery 0.248 0.017 (0.215, 0.282) 0.247 0.016 (0.216, 0.281)
Female recovery 0.072 0.010 (0.053, 0.093) 0.072 0.010 (0.053, 0.093)

Temporal variance: subadult survival

Temporal variance: adult survival

0.236 0.336 (0.0019, 1.093)

0.048 0.059 (0.000007, 0.215)

0.217 0.239 (0.0003, 0.894)

0.047  0.064 (0.0001, 0.219)
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Figure SR1. Density plots of uniform (uninformative; gray line) and Beta (informative; blue line) prior distributions for
subadult and adult polar bear survival developed using the mean and standard deviation of the mean across
previous polar bear survival studies following the approach of Regehr et al. 2018 (see also Table SM1 and Table
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Figure SR2. Posterior distributions of subadult and adult survival from multistate model (M2) initialized with either
uninformative (Uniform (0,1); gray line) or informative (Table SM1; blue line) priors for Davis Strait polar bear

capture-recapture-recovery data.
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Additional analysis — time constant and fixed effect models

Table SR2. Parameter estimates from the top model for Davis Strait polar bears with data from 2005 - 2018.
Demographic parameters are reported as the posterior mean, standard deviation, and 95% Bayesian credible
intervals (CRI) on the probability scale for averages over time. Temporal variances are reported on the logit

seate: Model M2: includes year random Model M2X: time-constant survival
effects for adult and subadult for adult and subadults
survival
Parameter Mean SD 95% CRI Mean SD 95% CRI
Offspring survival 0.794 0.0353  (0.723, 0.861) 0.788  0.035 (0.717, 0.857)
Subadult survival 0.873 0.0230 (0.826, 0.914) 0.873 0.014 (0.845, 0.898)
Adult survival 0.871  0.009 (0.853, 0.892) 0.870 0.007 (0.856, 0.884)
Male recovery 0.248  0.017 (0.215, 0.282) 0.251  0.017 (0.219, 0.286)
Female recovery 0.072 0.010 (0.053, 0.093) 0.072 0.010 (0.054, 0.094)
Temporal variance: subadult survival 0.236 0.336 (0.0019, 1.093)
Temporal variance: adult survival 0.048 0.059 (0.000007, 0.215)
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Executive Summary

This executive summary is intended to provide an overview of the Davis Strait Polar Bear
Subpopulation Technical Working Group status report to non-specialist audiences. Further details,
including citations and methodological details are documented in the full report.

The Davis Strait (DS) polar bear subpopulation includes much of the Labrador Sea, eastern Hudson Strait,
Davis Strait south of Cape Dyer within Canada, and a portion of southwest Greenland. Management
authority for the DS subpopulation is a shared responsibility of federal, provincial, and territorial
governments within Canada, Wildlife Management Boards (WMBs) and similar entities, and land claims
organizations that represent Indigenous rights holders.

Status and Abundance

The most recent scientific estimate of abundance for the DS subpopulation was 2,015 polar bears (95%
Cl: 1,603-2,588) for 2017-2018. The Canadian Polar Bear Technical Committee’s (PBTC) 2022
assessment of the subpopulation was:

Status and Trend
Assessment Type

Short Definition

Assessment
Result

Primary Rationale

Knowledge (IK)
Trend

a specific area over a
defined period of time
based on available IK
holders’ experiences
and observations

Historic Trend Change in abundance Likely increased | Comparison of most recent estimate of
(scientific) since the signing of the abundance to information collected in
Agreement on the the 1970s.
Conservation of Polar
Bears (1973), according
to western science
methods
Indigenous The abundance trend in | Increased Interviews and consultations with

Indigenous peoples describing changes
over time in the number of polar bears
observed, polar bear behavior, and
other factors, for wherever indigenous
peoples have observed polar bear
across the subpopulation’s area for
several generations.

Most Recent
Trend (scientific)

Changes in abundance
over the last 15 years,
according to western
science methods

Likely declined

Comparison of the most recent
estimate of abundance (2017-2018) to
the previous estimate collected from
2005-2007. It is important to note that
the population was managed for a
population reduction in Nunavut.

Harvest Limits

In Nunavut, harvest in DS was managed according to the Flexible Quota System (FQS) until the

2019/2020 harvest year, which operated on a 2:1 male to female sex ratio. However, changes to the

polar bear harvest administration were introduced in 2019/2020 based on community feedback. The sex

ratio was changed where communities could harvest up to 1 female for every male. The base annual
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limit for Nunavummiut increased from 34 to 46 bears in 2004/2005. It was again changed to 61 bears in
2012/2013 with the aim to slightly reduce the DS subpopulation, per the management objective for a
slight reduction. Although, the average annual removal from 2012/2013 to 2020/2021 harvest years has
not increased with a higher annual limit.

The Labrador Inuit right to harvest polar bears in Nunatsiavut was increased from an annual limit of four
to six bears in 1998/1999, and then increased from six to twelve bears in 2012/2013. The harvest season
in Nunatsiavut occurs from February 1% to June 30™. There are no restrictions in the ratio of males to
females that can be harvested each year. However, there are prohibitions on the harvest of females
with cubs, and polar bear dens cannot be disturbed, which likely contributes to a larger proportion of
males taken compared to females. Between 1989 and 2021, the provincial harvest was 76% male in
Nunatsiavut.

Although there is no legal requirement for beneficiaries of the James Bay and Northern Québec
Agreement to report human-caused polar bear mortalities in Québec, the Québec Government has been
compiling harvest reports and issuing tags since 1985 to allow hunters to sell and export their polar bear
hides. The proportion of the actual harvest being reported is currently unknown in Québec; however,
there is likely a link between the probability of reporting a harvest and a harvester’s interest in selling
the hide. Although there are no regulations that impose a sex selective harvest ratio in Nunavik, the
male to female ratio reported for the DS harvest in Nunavik for the 1994/1995 to 2021/2022 period has
been approximately 2 males:1 female.

Overall harvest levels have usually been less than the annual limit (in Nunavut, Labrador, and
Greenland) since the previous survey was conducted from 2005-2007. The following table reports the
annual limits that have been in place and the harvest levels (H) reported to wildlife management
officials, since the last survey conducted from 2005-2007:

Hunting Season Nunavutt Newfoundland and Québec * Greenland
Labrador*

Annual H Annual H Annual H Annual H

Limit Limit Limit Limit
2007/2008 46 47 6 4 None 13 Unk$ Unk
2008/2009 46 44 6 6 None 22 Unk Unk
2009/2010 46 42 6 8 None 24 Unk Unk
2010/2011 56 55 6 2 None 24 Unk Unk
2011/2012 39 37 6 13 None 54 Unk Unk
2012/2013 61 60 12 14 None 51 Unk Unk
2013/2014 56 52 12 9 None 61 2 Unk
2014/2015 61 50 12 12 None 33 2 3
2015/2016 54 32 12 11 None 18 3 0
2016/2017 61 43 12 13 None 19 3 0




2017/2018 53 38 12 12 None 12 3 0
2018/2019 53 31 12 10 None 21 3 0
2019/2020 97 50 12 12 None 17 3 3
2020/2021 92 38 12 7 None 4 3 5
2021/2022 61 33 12 12 None 10 3 1

t In Nunavut, the annual limit reflects the annual harvest limit after all reductions or additions to limit have been
made; the annual limit fluctuates to account for harvest that exceeds the base allocation and credit usage.

¥ In Newfoundland and Labrador, the annual limit reflects the annual take limit after all reductions and additions
to the limit.

* In Québec, there is no annual limit for Nunavik Inuit harvesting polar bears within DS. Reporting of harvest
remains voluntary.

$ Unk means unknown.

See full report for details about harvest limits, as well as areas where limits have been in place.

User-to-user Meetings

In 2010, a user-to-user workshop was held in Kuujjuaq, Québec. Participants at this meeting included
representatives from all concerned provinces and territories, WMBs, Indigenous
organizations/governments, and Inuit users from Nunavut, Nunatsiavut, and Nunavik. Some key
outcomes from the meeting included the following: (1) a management objective should be established
that meets Inuit subsistence needs and addresses human safety concerns, (2) population modelling
suggested that an increase of 12 bears in the annual removal, at a subpopulation level, should not have
a notable impact on the subpopulation, and (3) it was recommended that any increase in the harvest
limit should be allocated to Nunatsiavut Inuit first, as their current share does not reflect an equitable
allocation of harvest taking into account the population of hunters in Labrador.

In 2015, a user-to-user meeting was held in Montréal, Québec. Participants included Inuit
representatives and hunters from Nunavut, Nunatsiavut, and Nunavik, as well as representatives from
the governments of Canada, Nunavut, Newfoundland and Labrador, Québec, and Land Claims
organizations. Some key outcomes from the meeting include the following: (1) management objective to
reduce the number of polar bears in Davis Strait because of the high population size and density, (2)
users agreed to a total removal of 116 polar bears at a subpopulation level to fulfill the management
objective, and (3) participants agreed to the following allocations:

e Nunavut: 61 bears
e Nunavik: 35 bears
e Nunatsiavut: 20 bears

Indigenous Knowledge

In 2015, the Torngat Secretariat published a report that summarized current and past Inuit knowledge of
polar bears. Knowledge was gathered from coastal communities throughout Nunatsiavut in 2012.
Despite recently observed changes in environmental conditions, including reduced duration and amount
of sea ice and prey availability, participants reported no change in body condition of polar bears
suggesting that they are adapting to the changes. Polar bears did not show evidence of fidelity to any



particular feeding area, but participants noted the diet of polar bears has changed to a diet absent of
cod and an increased utilization of garbage from human settlements. Participants noted an increase in
polar bears not only near communities, but throughout Labrador since the 1990s.

In 2019, the Nunavik Marine Region Wildlife Board published a report with the aim to record and
document comprehensive Inuit knowledge and values related to polar bears across Nunavik
communities within the Davis Strait subpopulation. Key findings included: (1) an increase in abundance
of polar bears since the 1970s with bear condition described as healthy, (2) tangible benefits of polar
bears (food — polar bear meat is shared amongst community members and resources — sale of polar
bear hides provides an important source of income), (3) public safety concerns with the increased
abundance and frequency of human-bear interactions, and (4) participants shared Inuit stewardship
practices that are sufficient for conservation and suggest that the introduction of a quota can be
counterproductive.

In 2022, the Nunavut Davis Strait Inuit Qaujimajatugangit (IQ) report was published with the aim to
document IQ on the health of the Davis Strait polar bear population in Nunavut. Knowledge summarized
in the report resulted from a series of interviews (inclusive of participatory exercises and validation
sessions) performed in 2019 in Kimmirut and Pangnirtung with a total of 35 Inuit polar bear experts
(elders, hunters, and women). Interview results identified a substantial increase in polar bear abundance
within the Nunavut portion of the DS polar bear population —polar bear abundance had approximately
increased four-fold (or 73% [range: 70-75]) since the 1970s in the Kimmirut area. At the time interviews
were conducted, polar bears appeared in good overall health, with high proportions of individuals in
good body condition status, no change in cub productivity and survival over time, and only a few reports
of abnormalities and non-hunting related mortality. However, subtle changes in polar bear health were
observed over time, including a slight decrease in body condition status and occasional reports of a hair
loss syndrome. Experts interviewed also reported substantial changes in polar bear habitat and ringed
seal availability (main polar bear prey in the Pangnirtung and Kimmirut areas) — with an 80% decline in
ringed seal abundance observed since the 1960s around Kimmirut. Participants described a progressive
increase in human-polar bear interactions and unanimously voiced public safety concerns, which must
be prioritized in management to find shared solutions for mitigation of potential negative impacts.

Scientific Assessment

Polar bear abundance in DS steadily increased from the 1970s through to 2005. The Government of
Nunavut conducted a population survey from 2005-2007, resulting in an abundance estimate of 2,158
(95% Cl: 1833-3442) bears. A two-year genetic mark-recapture study was conducted from 2017-2018,
which involved all implicated jurisdictions and WMBs. Subsequently, the previous 2005-2007 data was
re-estimated using live capture data, harvest recovery data, and recent genetic samples. This resulted in
an estimate of 2,250 bears (95% Cl: 1,989-2,512). The estimated abundance for the 2017-2018 study
was 2,015 bears (95% Cl: 1,603-2,588).

In addition to studies assessing polar bear abundance, research has been conducted to evaluate changes
in polar bear survival, reproduction, body condition, and movement. Survival was found to be slightly
lower in the most recent abundance estimate study compared to previous studies. However, this could
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be due to methodological differences between the 2005-2007 and 2017-2018 studies. The switch from a
physical mark-recapture to a genetic mark-recapture loses resolution for age-specific survival estimates,
since no tooth is obtained for aging the individual. The grouping of senescent bears (>20 years) with
prime age bears (5-20 years old) likely reduced the overall estimate of adult survival but should be
considered when interpreting results. The recruitment rates in the 2017-2018 study were lower than in
previous studies and lower than adjacent subpopulations. As of 2017-2018, recruitment rates seem to
be sufficient to sustain the subpopulation, although continued monitoring with changing environmental
conditions is warranted, including the use of Inuit knowledge. Sea ice in DS has declined in both duration
and summer sea ice area over the 1979-2014 period. However, net effects of changing environmental
conditions on survival, reproduction, and distribution were not detected as of 2017-2018. Polar bears
showed signs of improved body condition in the 2017-2018 study compared to 2005-2007. There has
been no telemetry work since the 1990s within the DS subpopulation, although recovery data provided
by harvesters has suggested that the current boundaries for DS are reflective of polar bear movement.
Monitoring of these aspects of polar bear population ecology via science and Inuit knowledge could be
informative going forward.
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1.1 Dauvis Strait Polar Bear Subpopulation Boundary
Based on the recapture or harvest of previously tagged animals and tracking adult female polar bears
with satellite collars, the Davis Strait (DS) subpopulation is delineated in Canada within the Labrador
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Figure 1. Davis Strait subpopulation and management unit map.

Sea, eastern Hudson Strait, Davis Strait
south of Cape Dyer, and along a portion
of southwest Greenland (Figure 1;
Stirling and Kiliaan 1980, Stirling et al.
1980, Taylor and Lee 1995, Taylor et al.
2001).

Several studies have examined the
genetic structure of DS bears compared
to adjacent subpopulations and
examined gene flow patterns to
determine if genetic variability across
individual polar bears corresponds to
the currently recognized subpopulation
boundaries (see Paetkau et al. 1999,
Crompton et al. 2008, 2014, Peacock et
al. 2013). While genetic data indicate
gene flow occurs, Paetkau et al. (1999)
concluded that definition of a
Management Unit (MU) was met in DS.
Peacock et al. (2013) identified marked
genetic differences between northern
and southern DS bears and suggested
that continued climate warming may
increase that separation between those
two groups of bears due to Hudson
Strait ice dynamics. To date, the DS
subpopulation boundary and
management unit has been established
based on western scientific studies and
may not reflect Inuit knowledge related
to polar bear distribution and seasonal
movements.



1.2 Management Authority

The DS subpopulation is shared between Greenland, Nunavut, Nunatsiavut (Newfoundland and Labrador), and Nunavik (Québec) (Figure 1).
Table 1 lists the organizations with management responsibility in DS, as well as the treaties/land claims agreements from which mandates are
derived. In Nunavut, Nunatsiavut and the Nunavik Marine Region, Wildlife Management Boards (WMB) forward Total Allowable Take (TAT) /
Total Allowable Harvest (TAH) decisions to applicable government Ministers for final decisions. The Hunting, Fishing and Trapping Coordinating
Committee (HFTCC) in Québec is not a decisional body for polar bear but can recommend a TAT to the Québec government Minister, who has
the discretion to act upon such recommendation, in accordance with the required consultations.

Table 1. Canadian management partners involved in polar bear harvest decision-making for the Davis Strait polar bear subpopulation and their
current decision-making relationships.

Agreement or Treaty Area of Application Wildlife Management Government Authority Indigenous Government or
Board or Similar Entity Land Claims Organization
Nunavut Agreement Nunavut Settlement Area Nunavut Wildlife Nunavut Nunavut Tunngavik Inc.
Management Board
(NWMB)
Labrador Inuit Land Labrador Inuit Settlement Torngat Wildlife and Newfoundland and Nunatsiavut Government
Claims Agreement Area Plants Co-Management Labrador
(LILCA) Board (TWPCB)
Nunavik Inuit Land Nunavik Marine Region Nunavik Marine Region Canada (offshore) Makivik Corporation
Claims Agreement Wildlife Management Nunavut (islands)
(NILCA) Board (NMRWB)
James Bay and Northern Mainland of Québec Hunting, Fishing and Québec Makivik Corporation
Québec Agreement Trapping Coordinating
(JBNQA) Committee (HFTCC)




2 Canada’s Polar Bear Technical Committee Assessment of Status and Trend

The Polar Bear Technical Committee (PBTC) is composed of individuals who have scientific or Indigenous
knowledge of polar bear biology and habitat and are appointed by the jurisdictions, management
boards, or agencies that have legal responsibility for polar bear management in Canada. The PBTC meets
annually to review scientific and Indigenous knowledge necessary to meet defined management needs
in support of Canada’s national and international conservation responsibilities under the 1973
Agreement on the Conservation of Polar Bears. The PBTC helps facilitate coordination of research
activities among Canadian jurisdictions that have polar bears, as well as the United States and Greenland
for those subpopulations that are shared between Canada and these jurisdictions. The PBTC provides
technical advice and recommendations to the Polar Bear Administrative Committee (PBAC), as required,
on (1) design, collaboration, and conduct of polar bear research in Canada; (2) harvest and population
trends; and (3) the need for management actions.

One of the key outputs of the PBTC is an annual status assessment report on Canadian polar bear
subpopulations, including harvest, based on scientific information and Indigenous knowledge provided
by member agencies.

2.1 Most Recent PBTC Status Assessment (2022/2023)

The ‘Historic Trend’ is an assessment of change in abundance that a subpopulation may have
experienced since the signing of the 1973 Agreement on the Conservation of Polar Bears (1973) to the
present estimate. This trend led to current management practices and research. The PBTC scientific
assessment of the subpopulation is ‘likely increased’ and the Indigenous knowledge assessment of the
subpopulation is ‘increased’.

In 2022, the ‘Most Recent Trend (Scientific)’ status for Davis Strait was reassessed based on the
completed and public scientific survey conducted from 2017-2018. The Most Recent Trend status is an
assessment of directionality of abundance according to the most recent estimates available. Ideally, a
direct comparison of the previous abundance estimate with the most recent population abundance
estimate is used to make the assessment. For Davis Strait, the 2017-2018 abundance estimate was
comparable to the previous estimate derived from survey data collected 2005-2007. The PBTC assessed
Davis Strait abundance as ‘likely declined’ relative to the previous study given that there was a 0.896
probability that subpopulation growth was <1 and thus the subpopulation most likely declined over this
period (see section 6.1 subpopulation abundance for more details).

In 2023, the ‘Trend (Indigenous Knowledge)’ status for Davis Strait was assessed as ‘increased’. In
addition to the 2017-2018 scientific study, IK studies occurred in Nunavut (Tomaselli et al. 2022),
Nunavik (NMRWB 2019), and Nunatsiavut (York et al. 2015). In all studies, participants noted an increase
in polar bear abundance since the 1970s (across Nunavik communities as well as hunting, camping, and
traveling areas of Inuit from Kimmirut and Pangnirtung in Nunavut) and since the 1990s throughout
Labrador.

2.2 Previous PBTC Assessments
Prior to the scientific study in 2017-2018 being completed, the Most Recent Trend assessment was

‘likely increased’ using a date range of 1980-2007 because there were no other comparable scientific
abundance estimates from before the 2005-2007 abundance estimate. This assessment was based on
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multiple lines of evidence. According to mark-recapture studies conducted between 1974 and 1979,
700-900 bears were estimated to be present in the southern Baffin Island portion of the current
delimitation of DS and 60-90 additional bears in the northern Labrador coast portion (Stirling and Kiliaan
1980, Stirling et al. 1980). In 1993, the PBTC established the DS subpopulation abundance estimate at
1,400 polar bears to account for the bias in sampling in the original studies. This estimate was
subjectively raised again to 1,650 in 2005 based on the minimum population size that would be needed
to sustain the harvest level occurring at that time and the fact that traditional knowledge suggested that
more bears were being seen over the previous 20 years. In addition, the abundance of harp seals
(Pagophilus groenlandicus) in the Northwest Atlantic, an important prey species for this population, had
increased dramatically over the same period (Stenson et al. 2010), providing a much-enhanced potential
prey base for polar bears. Because of the uncertainties surrounding the subpopulation status, the
Government of Nunavut (GN) conducted another population inventory from 2005-2007, resulting in an
abundance estimate of 2,158 (95% Cl: 1833 — 2542) bears (Peacock et al. 2013). Those results appeared
to support an important growth of the DS subpopulation between the 1980s and 2007. At the time of
the 2005-2007 survey, the subpopulation was however displaying lowered reproductive rates. Polar
bear survival in DS varied with time and geography and was related to factors that included reductions
in sea ice habitat and increases of harp seal numbers (Peacock et al. 2013). It was suggested that the
observed lowered reproductive rates and the decline in body condition of polar bears in DS could be a
result of habitat changes and/or increased polar bear density (Rode et al. 2012, Peacock et al. 2013).

3 Harvest Levels
3.1 Current Harvest Levels

Current harvest regulations and levels are summarized in Table 2.
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Table 2. Summary of current management of polar bear harvest (2021-2022 hunting seasons) by area within the Davis Strait
subpopulation and management unit.

Area
Management Nunavut Nunavik Marine Québec (onshore region) Newfoundland Greenland
consideration Settlement Area  Regiont and Labrador
Hunting July 1-June 30 July1-June30° September 1—-May31°>  February 1 - N/A’
season June 30
Who can Nunavut Inuit with  Nunavik Inuit Nunavik Inuit Nunatsiavut Greenland
hunt atag’ Inuit Inuit
Harvest limit 612 None None 12 3
(2021-2022)
Protection Yes 3 Yes ® Yes? Yes © N/A7
for females
and cubs
Protection Yes 4 Yes > Yes ® Yes © N/A’
for bears in
dens

! Nunavut Wildlife Act, s.18(1); 2 Nunavut Wildlife Act, 5.120; 3 Nunavut Wildlife Act, s.195, r. 9(2) - Regulatory provisions on harvesting; 4 Nunavut Wildlife Act,
s.195, r. 9(3) - Regulatory provisions on harvesting; > Hunting season, protection of mothers and cubs and protection of bears in dens is not legally mandated,
but is regulated in accordance with a voluntary agreement between the Government du Québec and the Inuit (Anguvigak - Nunavik Hunters, Fishers and
Trappers’ Association, 1984); ® Government of NL, in consultation with Nunatsiavut Government and the Torngat Wildlife and Plants Co-Management Board,
are in the process of preparing a polar bear management plan that will provide a framework for harvest management implementation in accordance with the
Labrador Inuit Land Claim Agreement (LILCA). Currently, the annual limit for Nunatsiavut is 12 bears of either sex, with no harvest of denning bears or females
with young of the year permitted. For all bears harvested by Nunatsiavut beneficiaries, there is mandatory reporting.

’N/A: Information is either not available or not applicable.
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3.2 Previous Harvest Levels and Reported Harvest

Table 3 summarizes harvest limits and reported harvest levels since 1994/1995 in Nunavut,
Newfoundland and Labrador, and Québec and since 2013/2014 in Greenland. Additional information
about harvest is provided for the respective Canadian jurisdictions in sections that follow.

Table 3. Polar bear harvest according to jurisdiction for the Davis Strait (DS) polar bear subpopulation
from the 1994/1995 to the 2021/2022 hunting seasons. H denotes all human-caused removals, including
the total number of polar bears reported as having been harvested or killed in defense of life and
property situations each year. See Table 2 for details on hunting season for jurisdictions.

Hunting Season Nunavutt Newfoundland and Québec * Greenland Subpopulation-
Labradort level
Annual H Annual H Annual H Annual H H
Limit Limit Limit Limit
1994/1995 34 34 4 6 None 9 None Unk® 49
1995/1996 34 34 4 8 None 14 None Unk 56
1996/1997 34 34 4 2 None 20 None Unk 56
1997/1998 34 24 4 7 None 23 None Unk 54
1998/1999 34 34 6 11 None 20 None Unk 65
1999/2000 34 34 6 7 None 27 None Unk 68
2000/2001 32 33 6 8 None 28 None Unk 69
2001/2002 34 34 6 5 None 11 None Unk 50
2002/2003 34 36 6 6 None 9 None Unk 51
2003/2004 34 42 6 8 None 19 None Unk 69
2004/2005 46 43 6 8 None 10 None Unk 61
2005/2006 42 37 6 5 None 7 Unk Unk 49
2006/2007 41 37 6 4 None 15 Unk Unk 56
2007/2008 46 47 6 4 None 13 Unk Unk 64
2008/2009 46 44 6 6 None 22 Unk Unk 72
2009/2010 46 42 6 8 None 24 Unk Unk 74
2010/2011 56 55 6 2 None 24 Unk Unk 81
2011/2012 39 37 6 13 None 54 Unk Unk 104
2012/2013 61 60 12 14 None 51 Unk Unk 125
2013/2014 56 52 12 9 None 61 2 Unk 122
2014/2015 61 50 12 12 None 33 2 3 98
2015/2016 54 32 12 11 None 18 3 0 61
2016/2017 61 43 12 13 None 19 3 0 75
2017/2018 53 38 12 12 None 12 3 0 53
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2018/2019 53 31 12 10 None 21 3 0 62
2019/2020 97 50 12 12 None 17 3 3 82
2020/2021 92 38 12 7 None 4 3 5 54
2021/2022 61 33 12 12 None 10 3 1 56

T In Nunavut, the annual limit reflects the annual harvest limit after all reductions or additions to the limit
have been made; the annual limit fluctuates to account for harvest that exceeds the base allocation and credit
usage. See 3.2.1 Nunavut for details regarding changes in the annual limits.

¥ In Newfoundland and Labrador, the annual limit reflects the annual take limit after all reductions and
additions to the limit. See section 3.2.2 Nunatsiavut for details.

* In Québec, there has not been an annual limit in place for Nunavik Inuit harvesting within DS during the
1994/1995-2021/2022 period. Reporting of harvest by Nunavik Inuit is done on a voluntary basis. See section
3.2.3 Nunavik for details.

$ Unk means unknown.

3.2.1 Nunavut

Nunavut, previously Northwest Territories, has had a managed harvest with mandatory reporting for
40+ years. Community compliance and reporting is high (>98%) with Conservation Officers in each
community to ensure proper monitoring of the polar bear harvest.

The TAH is the base allocation for number of bears harvested which is decided by the NWMB. Whereas
the annual limit is an adjusted base allocation to account for credit use. Each community within, or near,
the DS subpopulation boundary receives a share of the maximum sustainable harvest of bears allocated
for DS as an annual baseline allocation from the Qikigtaaluk Wildlife Board (QWB), which is the Regional
Wildlife Organization responsible for the DS area. In Nunavut, three communities, Iqaluit, Kimmirut, and
Pangnirtung harvest bears from the Davis Strait subpopulation. Locally, the Hunters and Trappers
Organizations (HTO) manage and allocate the community harvest and quota among their members. Not
every community will harvest their full allocation every year. Any unused portion is accumulated as
credits — bears that were available to be harvested but were not taken. Credits may be used in
subsequent years. An HTO may apply to the QWB for approval to use available credits for any type of
legal harvest. If the numbers killed in a given harvest year exceed that year’s annual quota for a given
community, additional tags are issued based on any credits that the community’s HTO may have
available, or credits exchanged with another community’s HTO that may also harvest DS bears. Tags
from the annual limit may also be exchanged between the three HTOs, subject to QWB approval. When
and if there is an excess harvest and no credits or exchanges are available, the excess will be deducted
from the community’s allocated portion of the annual limit in the following year (Government of
Nunavut 2019). Credits are zeroed when a new subpopulation estimate is produced and a new TAH
decision is made (Government of Nunavut 2019).

Harvest in DS was managed according to the Flexible Quota System (FQS) until the 2019/2020 harvest
year. The FQS operated on a 2:1 male to female harvest sex ratio and was introduced in 1995/1996.
However, after extensive consultations and public feedback from communities in Nunavut, and the
development of the Nunavut Polar Bear Co-Management Plan, changes to the polar bear harvest
administration were introduced in 2019/2020. With the new co-management plan, which was approved
by the territorial Minister of Environment and the NWMB, the harvest sex ratio was changed where
communities could harvest up to 1 female for every male. This ratio refers to the maximum number of
females that may be killed, not the minimum. Up to 100% of the TAH could be males. Due to the
protections that are in place for denning bears and females with offspring (family groups), the potential
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that this management change could cause a decline of the DS subpopulation is relatively low. Adult
female polar bears are the most important contributors to population growth and continued monitoring
of the harvest in Nunavut is a high priority.

The annual limit was increased from 34 to 46 bears in 2004/2005 and from 46 to 61 in 2012/2013. The
aim was to slightly reduce the DS subpopulation due to concerns of Inuit for perceived public safety
issues and perceived impacts of DS polar bears on the ecosystem. The average annual removal for the
2012/2013 —2020/2021 period did not increase with the higher TAH. The harvest averaged 42.7
bears/year over the past 10 years.

Harvesters in Nunavut strictly followed the management quota system and rarely exceeded quota limits
in any given year. Under the flexible quota system, credits accumulated for any unused portion of the
harvest allocation and these credits would automatically be applied in an overharvest situation. If the
female allocation was exceeded and no credits are available to apply, the reductions would be applied
to the following year’s harvest allocation. Thus, HTOs and their members often stopped harvesting bears
when the female allocation was met. Since approximately 2015/2016, the harvest for DS in Nunavut has
been well below the quota, mostly due to declines in harvesting by Inuit in Kimmirut and Igaluit.
Kimmirut has harvested four (4) out of the 63 allocated bears (6% harvest rate) from 2015/2016 to
2021/2022. Igaluit, over the same time period had a harvest rate of 52% of their allocation (119
bears/231 quota). During the previous seven years (2008/2009 to 2014/2015), Inuit in Igaluit and
Kimmirut also harvested less than their allocations, taking 91% and 80% of their annual allocations,
respectively. While it is unclear why harvesting dynamics have changed in recent years for these
communities, some harvesters from Kimmirut and Pangnirtung have reported that the recent decline in
the market value of polar bear hides created a disincentive to harvest polar bears (Tomaselli et al. 2022).
The market for polar bear hides crashed in 2014 leading to an overall decline in the number of hides
exported in the following years across Canada (Cooper 2022). Inuit in the three Nunavut communities
continue to harvest DS polar bears for food, teaching youth about polar bears, local and personal use of
skins, and other traditional Inuit values, despite the reduced commercial value of skins.

3.2.2 Nunatsiavut

The Labrador Inuit right to harvest polar bear was initially limited to four bears as a result of the
abandonment of Port Burwell (Killinig) in 1978 and the division of that community’s quota of eight polar
bears equally between Québec and Newfoundland and Labrador (Urquhart and Schweinsburg 1984).
This initial Newfoundland and Labrador quota of four polar bears was later increased to six in 1998, and
then to 12 in 2012.

The provincial Minister issues the 12 polar bear hunting licenses to the Nunatsiavut Government which
then allocates the licenses to Inuit hunters. All bears have to be harvested within the Labrador Inuit
Settlement Area. Three licences are allocated to Nain, three to Hopedale and two each to Makkovik,
Postville, and Rigolet. The season starts on February 1st and continues until June 30th.

The Nunatsiavut Government Ministerial Directive identifies a number of conditions that Labrador Inuit
must follow when hunting polar bear. Polar bears with cubs are not permitted to be taken and polar
bear dens cannot be disturbed in any way. Bears of either sex may be harvested and successful hunters
are required to ensure that the meat does not spoil and that care is taken to make sure the quality of
the hide is maintained. Successful hunters are required to wait two years before they can re-apply for a
polar bear licence and only one licence is permitted per household. This helps to ensure that the
licences are distributed in a fair manner and are shared in the community as much as possible.
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When a bear is harvested, the hunter is required to fill out a kill return form and submit it to the
Nunatsiavut Government, along with the skull and biological samples from the animal. The location,
date, condition, and sex of the bear are also recorded on the kill return form. The skull, tissue samples,
and measurements are then provided to NL Wildlife Division which arranges for analyses on age
determination and genetic markers and collates this information. The cleaned skulls are then returned
to the hunters. This aspect of the program has proven helpful in garnering a near 100% level of reporting
and submission of samples.

Harvest in Labrador is only partially managed by sex, with prohibitions on the harvest of females with
cubs. At the same time, females that are still caring for cubs are not considered part of the breeding
pool, and hence a smaller proportion of females than males are available for mating in a given year.
Between 1989 and 2021, the provincial harvest was 76% male, calculated from 216 known-sex harvest
records in Nunatsiavut.

3.2.3 Nunavik

Although there is no legal requirement for beneficiaries of the James Bay and Northern Québec
Agreement to report human-caused polar bear mortalities in Québec, the Québec Government has been
compiling harvest reports and issuing tags since 1985 to allow hunters to sell and export their polar bear
hides, pursuant to provincial regulations, as well as to fulfill requirements related to international trade
established under the Convention of International Trade in Endangered Species of Wild Fauna and Flora
(CITES), which Canada implements through the Wild Animal and Plant Protection and Regulation of
International and Interprovincial Trade Act (WAPPRIITA).

The proportion of the actual harvest being reported is currently unknown in Québec. It is however likely
that there is a link between the probability of reporting polar bear harvest and the harvester’s interest
to sell the hide, which is in turn influenced by the market price of polar bear hides. We can observe a
strong increase in reported harvest from 2011/2012 to 2013/2014 when the average price for polar bear
hides sold at auctions was at its highest. Following the strong reduction of market price of polar bear
hides in 2014, we can notice a strong reduction of reported polar bears harvested in Nunavik,
particularly within DS. It remains, however, difficult to establish how many of those changes in reported
harvest are linked to a change in harvest levels versus a change in harvest reporting rate.

The distribution of polar bear harvest among Nunavik communities located within the boundaries of DS
is far from being uniform. Most of the reported harvest in Nunavik is conducted within the Hudson Strait
area by residents of Quaqtaq and Kangiqsujuag, whose harvest represents approximately 60% and 15%
respectively of the total reported harvest between 1994/1995 and 2021/2022. Another 15% of the
reported DS harvest is conducted by residents of Kangigsualujjuaqg on the eastern side of Ungava bay.

Despite the absence of any regulations imposing a sex selective harvest ratio in Nunavik, the male to

female ratio in the reported DS harvest in Nunavik for the 1994/1995 to 2021/2022 period is
approximately 1.9 males : 1 female.
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4. User-to-User Meetings and Agreements
4.1 2010 Interjurisdictional Meeting and User-to-User Workshop

In early 2010, polar bear co-management organizations in Newfoundland and Labrador (Government of
Newfoundland and Labrador, Nunatsiavut Government, and Torngat Wildlife and Plants Co-
Management Board) determined that harvest in DS was, from their perspective, disproportionately
allocated across jurisdictions and that the needs of Nunatsiavut Inuit were not being met. Recognizing
that formal mechanisms for joint management did not exist, a request was made that Environment and
Climate Change Canada (then Environment Canada) assist in the establishment of a cooperative
framework.

Representatives of all concerned Provinces and Territories, WMBs, and Indigenous
organizations/governments formed the Interjurisdictional Davis Strait Committee (IDSC). The IDSC met
in Montreal on February 3, 2010 to initiate a process. It was decided that a first step should be the
determination of a management objective, so that harvest levels could be set in accordance with this
objective. It was acknowledged that the management objective should take into account concerns
relating to conservation and human safety, and that advice regarding harvest levels should be based on
the best available western science and Indigenous knowledge.

A user-to-user workshop was subsequently convened in Kuujjuag, Québec from September 13-16, 2010.
At this meeting, participants representing the IDSC and Inuit users from the three Canadian jurisdictions
heard presentations relating to the management system in each jurisdiction, as well as the most recent
scientific and Indigenous knowledge information. Summary conclusions included:

e Polar bears from the DS subpopulation are abundant and, as of 2008, the population was
probably stable. Population surveys conducted in the 1970s likely underestimated abundance
and the available evidence suggested that the subpopulation had increased since that time.

e Inuit users have witnessed an increase in the number of polar bears and local communities and
hunters were experiencing an unacceptable amount of negative impact from interactions with
polar bears.

e Concerns were raised by users about the delineation of polar bears into subpopulations in
general, and the current delineation of the DS subpopulation in particular. The advice of
scientific advisors was that while fidelity to sub-regions is not absolute, there is regional
variation in survival and recruitment and the current boundaries represent an appropriate, if
imperfect, grouping for harvest management decision-making purposes.

e Some users noted that quota systems can create a perverse incentive to maximize harvest,
whereas harvest management better aligned with traditional Inuit values may lead to lower
overall harvest. Where quotas are used, the importance of flexibility, including the carry-over of
unused harvest credits from one year to the next, was emphasized.

e Consensus was not achieved on the proposal that harvest be reduced in Nunavut and Nunavik
to accommodate higher harvest in Nunatsiavut.

e |t was agreed that a management objective should be established that meets Inuit subsistence
needs and addresses human safety concerns.
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e Population modelling suggested that an increase in TAH of 12 for the DS subpopulation should
not have a notable impact on the subpopulation.

e |t was recommended that any increase be allocated to Nunatsiavut Inuit first, as their current
share does not reflect an equitable allocation of harvest taking into account the population of
hunters in Labrador. An increase by six bears for a new TAH of 12 in Nunatsiavut could be
supported by participants from Nunavut, Nunavik, and Nunatsiavut.

4.2 2015 User-to-User Meeting

From May 26-28, 2015, Inuit representatives from Nunavut, Nunatsiavut, and Nunavik met in Montréal
to discuss the management of polar bears for the Davis Strait subpopulation. Representatives from the
governments of Canada, Nunavut, Newfoundland and Labrador, and Québec participated in the first day
of the meeting. Other participants included Inuit hunters, other government representatives, and Land
Claims Organization representatives.

Inuit representatives agreed on consensus recommendations for management objectives, a total
allowable level of harvest, the allocation of harvest among indigenous groups in the three jurisdictions,
and numerous non-quota limitations. They recommended that the management measures and
allocations determined by meeting participants should remain in effect until updated information about
subpopulation status was available, noting that government representatives had informed them that a
new subpopulation survey was scheduled to begin in 2017.

Key outcomes, which are described below, were forwarded by the Inuit representatives to the
government Ministers, as well as the NWMB, the TWPCB, and the NMRWB to support Board decision-
making.

e Management objective: Reduce the number of polar bears in the Davis Strait polar bear
subpopulation because of the high population size and high population density.

e Harvest reporting: All jurisdictions should report all bears harvested, whether these bears are to
be used solely for subsistence purposes or if the bears or any of their parts are ultimately
destined to enter into international trade.

e Defense of Life and Property Kills: Should be deducted from any quotas or harvest limitations
established or recommended by the respective Wildlife Boards.

e Non-quota limitations: Continued prohibition on harvesting of cubs and females accompanied
by cubs; management practices should include a sex-selective harvest of polar bears based on
the ratio of two males to one female; and females and cubs in dens should not be disturbed.

e Research methods: The prohibition on the use of chemical immobilization should remain.

e Subpopulation name: Should be changed to the original and historically accurate Inuktitut term.

e Total allowable harvest: Users agreed to a total removal of 116 polar bears at a subpopulation
level, in order to reach the management objective to reduce the number of bears in the
management unit. This value is based in part upon a Population Viability Analysis (PVA). Based
upon western science, local knowledge, and Inuit traditional knowledge, participants agreed
that maintaining high numbers is not only detrimental to polar bears and other species but also
a safety concern.

o Allocation: Participants agreed to the following allocation:

o Nunavut: 61 bears
o Nunavik: 35 bears
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o Nunatsiavut: 20 bears
e Meeting participants present for this agreement:
o Makivik Corporation
Nunavut Tunngavik Inc.
Qikigtaaluk Wildlife Board
Nunavut hunters from Pangnirtung, lgaluit, Kimmirut
Nunavik RNUK
Nunavik LNUKS from Kangigsuallujjuaq, Kuujjuaq, Tasiujag, Aupaluk, Kangirsuk,
Quaqtaq, Kangigsujuaq
Nunatsiavut Government
o Nunatsiavut Hunters

O O O O O

(0]

Although the agreement was accepted at the user-to-user meeting, Nunavik communities never fully
recognized it, and the voluntary harvest limit was never fully implemented. However, Nunavik's
reported harvest for Davis Strait subpopulation has never exceeded 35 bears since 2015.

5. Indigenous Knowledge

5.1 Labrador Polar Bear Traditional Ecological Knowledge (2015)
Overview

This report summarizes current and past Inuit traditional ecological knowledge (TEK) relevant to polar
bears collected from coastal communities throughout Nunatsiavut in 2012. This study, undertaken by
the Torngat Secretariat, was the first comprehensive TEK study conducted on polar bears in Labrador.
The survey data was analyzed by Lakehead University’s Department of Geography and the report was
written in collaboration between Lakehead University and the Torngat Secretariat. It was reviewed and
approved by the Nunatsiavut Research Review Board and the Memorial University’s Interdisciplinary
Committee on Ethics in Human Research.

The TEK gathered provides insight on polar bear hunting practices, management perspectives, polar
bear condition, behaviour, abundance, and distribution, as well as changes to climate and sea ice in
Labrador from both short-term (recent decades) and long-term (elder knowledge) perspectives. The TEK
was gathered in a verbal interview format consisting primarily of open-ended questions. Fifteen
Labrador Inuit hunters from four communities (Nain, Postville, Hopedale, and Rigolet) were interviewed.

Key Findings

Polar bear health and physical condition — Interview participants did not report any changes in body
condition despite recent changes to sea ice, climate, and the availability of prey species. TEK
explanations for the apparent lack of effect from increased density or sea ice decline included a dramatic
increase in harp seals (prey), continued seal hunting success in spite of sea ice decline, increased feeding
on alternative (non-seal) food sources, and increased feeding during the open water season when most
polar bears are onshore.

Polar bear range, distribution, and abundance — Interview participants generally agreed that the number
of polar bears had increased in Labrador. Participants also noted an increase in general signs of polar
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bears everywhere, not only near communities. Recent recollections of hunting activities indicated an
increase in the number of bear sightings since the 1990s.

Polar bear denning — Few dens were observed and reported by the interview participants and only a
slight majority of participants had ever seen a polar bear den. However, interview participants shared
knowledge on polar bear dens and the general location of denning areas in Labrador. They reported that
denning was restricted to land and often occurred in areas of high snow accumulation such as hills and
cliffs occurring on islands or capes along the coastline. Participants also associated northern Labrador as
a general denning area.

Polar bear diet — Participants agreed that the main source of food for Labrador polar bears was seals of
all types. There were however conflicting views about the condition of the seal populations. These views
were influenced by an event that caused high mortality in harp seals from 2010-2011, but in 2013
continued monitoring efforts confirmed that harp seals are at their highest numbers since monitoring
began. The mapping exercise for identifying polar bear feeding areas did not suggest any fidelity to
specific locations as feeding areas were identified along most of the Labrador coastline. Interview
participants reported that the only changes that they had noticed in the bears’ diet were the absence of
cod and the utilization of garbage from human settlements and dump sites, which has grown in recent
decades.

Physical environment, weather, and climate — Weather was reported to have affected Labrador polar
bears by reducing the amount and duration of sea ice and influencing changes in the location of prey
species. The reductions in sea ice extent and availability were reported to have been caused by
consistently warmer temperatures and strong winds. Despite this, most participants reported that the
bears have been adapting to the changes in their environment. They reported that the number of seals
being consumed was sufficient for their long-term viability and that the bears were able to consume
alternative food sources or catch seals on land or in the water to make up for the shorter hunting
season. The participants also reported that the bears were changing their travel routes because of
recent changes in sea ice conditions.

Hunting, conservation, and elder hunting knowledge - Current Labrador Inuit polar bear hunters showed
a strong interest in sharing their hunting knowledge with Inuit youth and relatives, stating that elders
taught them the knowledge that they wished to pass down to the next generation. Most interview
participants reported that they hunt less often than in the past and suggested this may be due to other
employment, the costs of hunting (e.g., gear, gas, access to equipment), hunting regulations, and a lack
of interest. Interview participants reported harvest restrictions to be the largest limiting factor for polar
bear hunting, regardless of the recent quota increase. Several participants noted that Inuit had managed
the harvest of polar bears in the past and that the quota system was unnecessary. Participants also
noted that the bears were being immobilized more often than in the past and that tranquilizing bears
causes sickness, impairs the bears’ ability to hunt, and can sometimes cause death.

Labrador Inuit hunters indicated a general satisfaction for the relatively new co-management system for
polar bears.
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5.2 Nunavik Inuit Knowledge and Observations of Polar Bears: Polar Bears of the Davis Strait
Sub-Population (2019)

Overview

The Nunavik Polar Bear Inuit knowledge study aimed to record and document comprehensive
knowledge and values related to polar bears across all 14 Nunavik communities (Nunavik Marine Region
Wildlife Board 2019). The project was split into subsections corresponding with the three polar bear
subpopulations found in the Nunavik Marine Region (Southern Hudson Bay, Foxe Basin, and Davis
Strait). For Davis Strait, a total of 76 participants from seven communities were engaged in interviews
and mapping activities for this project. Local hunter/trapper organizations (Local Nunavimmi

for interviews and mapping sessions. Participants spanned a range of ages, and years of experience.
When applicable, participants were asked to specify the seasons and time periods within which the
information they shared was relevant. Participants shared information on the ecology and biology of
polar bears, including abundance, distribution, habitat, feeding, health, mating, and denning.
Participants also spoke about the importance of polar bears, both to themselves and to Nunavimmiut in
general, as well as about hunting practices, management, and stewardship of polar bears.

Key Findings

Biological — By far one of the most common pieces of ecological data reported by participants was the
increase in abundance of polar bears over the last half century. In almost every interview, participants
reported noticeable increases in polar bears since the 1970s, and before the 2000s, with many
participants first noticing an increased bear population in the 1990s. Polar bears also seem to have
widened their distribution, with some participants reporting seeing bears in areas that they did not
occupy in the past. Participants also reported the use of inland areas, including the movement of some
bears from the Ungava area, across Nunavik to the Hudson coast. Similar movements were reported
from the Nunatsiavut coast towards Ungava, across the Québec-Labrador Peninsula. Most participants
that had experience seeing polar bear dens indicated they were in deep snow drifts created by large hills
and mountains, usually close to the coast, though they generally did not discount the possibility of bears
denning inland. Participants indicated that bears prefer to eat ringed seals, but alternative food sources
were common, with bird eggs and beluga being especially frequent alternatives in the polar bear diet.
Overall, participants indicated bears seem very healthy; bears are fatter in the winter and skinnier in the
summer, but rarely skinny enough for participants to be concerned about the bear’s health.

Importance of polar bears to Nunavimmiut — Polar bears were reported to be important to Inuit in
regards to culture and mental health, safety, sustenance, and economy. Participants described a sense
of emotional wellbeing and excitement when seeing polar bears in their environment. They are seen as
a symbol of the fortitude and strength of the people who live alongside them. As a tertiary consumer
and apex predator, polar bears are often considered more similar to humans than any other animal and
regarded as one of the most intelligent species. Participants also expressed safety concerns resulting
from the increased abundance and frequency of interactions with polar bears. Hunting a polar bear
remains an important rite of passage into manhood for young Inuit, and participants reported a sense of
pride associated with every successful hunt. Hunting provides two of the most tangible benefits of polar
bears: food and resources. Polar bear meat is eaten in each community, especially by elders, and usually
shared amongst community members. However, when hunters have discovered that a kill was
previously tranquilized and tattooed for research, the meat is deemed unsafe for consumption and left
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behind. The sale of polar bear hides is an important source of income for hunters and enables the
purchase of materials such as ammunition, gasoline, rifles and snowmobiles, required to continue a
subsistence hunting lifestyle. The importance of polar bear hunting has changed over time, as economic
opportunities have changed, though the economic benefits have existed for many decades. Polar bear
hides were traditionally used to make mattresses, snow pants, and mitts, or as important gifts (e.g., a
first hide is often gifted to the hunter’s sanijik, godparent) which still occurs today.

Management and stewardship — A very common sentiment among participants was that traditional
stewardship practices were sufficient for conservation and that the introduction of a quota to limit polar
bear hunting was unnecessary and possibly dangerous or counterproductive. Participants shared several
stewardship practices that were common across the region. Without exception, hunting was based on
need. While many participants expressed great enjoyment associated with being out on the land, their
hunting activities were based on subsistence, not sport. Even when a hunter’s own needs were met (and
sometimes even before), hunting supplemented the needs of family, or the greater community. Some
hunters mentioned prioritizing elders, who could no longer hunt, when distributing polar bear meat.
More specifically, participants spoke about limiting their hunting to fully grown polar bears without
small cubs. Participants also generally limited their hunting to winter, as well as late fall and early spring
when bears have the best coat and the best meat. In some cases, especially in the past, a small amount
of hunting outside of this season was done to sustain people on long expeditions (be it on the land, or
on boat trips). Otherwise, virtually all kills during the warmer, ice-free seasons were due to safety
concerns. Participants cautioned that the implementation of quotas can create a sense of competition
between hunters or communities, and that this would likely increase the number of bears hunted: with
a quota, hunters would rush to get their bears before the quota is filled. The competition created from a
guota system could also inhibit traditional management practices, where hunters wait until prime
hunting season to take bears. Participants suggested several ways that the detrimental effects of a
guota could be mitigated, including considering seasons, and having quotas that are locally managed.

5.3 Nunavut Inuit Qaujimajatuqangit on the Health of the Davis Strait Polar Bear Population
(2022)

Overview

This study aimed at gathering and documenting Inuit Qaujimajatugangit (1Q) on polar bear health
around the communities of Kimmirut, Pangnirtung and Igaluit, Nunavut, to support management
decisions and strategies for the Davis Strait polar bear subpopulation (Tomaselli et al. 2022). This
collaborative research project was conducted as a partnership between the Government of Canada
(Environment and Climate Change Canada and Polar Knowledge Canada), the Government of Nunavut
(Government of Nunavut, Department of Environment), and local Hunters and Trappers Organizations
(HTOs) from the communities of Pangnirtung and Kimmirut in the Qikigtani region of Nunavut, with
support from the Amarok Hunters and Trappers Organization (lgaluit). The research team documenting,
analyzing and interpreting information included: a veterinarian (wildlife health and participatory
epidemiology specialist), a social scientist, community-based researchers, and polar bear biologists. The
study explored the detailed historic and contemporary knowledge held by Inuit experts about polar bear
ecology and health, as well as the importance of nanug to Nunavut Inuit, and Inuit perspectives on polar
bear management and stewardship. Polar bear health was considered broadly and holistically at the
individual, population, and ecosystem levels; polar bear health was assessed considering multiple
parameters, such as abundance and demography, habitat condition and distribution, diet and prey
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availability, body condition, and other Inuit-identified health indicators and metrics, in addition to
mortality and disease.

Inuit Qaujimajatugangit related to polar bear cultural importance, harvesting practices, health, ecology,
and management was documented through a series of individual and group interviews (inclusive of
participatory exercises) conducted in 2019 with a total of 35 Inuit contributors from Pangnirtung (n=14)
and Kimmirut (n=21). Group interviews (n=4) were performed in Kimmirut only (with a total of

15 participants) and allowed obtaining quantitative information, as well as corroborating early findings.
Group interviews planned in Pangnirtung were cancelled due to the COVID-19 pandemic. Overall,
project contributors included 24 men and 11 women ranging in age from their early 40s to early 80s.
Polar bear experts interviewed included Kimmirutmiut and Pangnirtungmiut who had experience
harvesting and butchering polar bears (generally men), processing and cleaning polar bear hides
(generally women), or otherwise significant experience on the land. Direct ecological observations
reported by participants were made within approximately 420 kilometers from their community, and
the earliest direct observations reported dated back to the 1940s. Before finalizing research results,
analyzed information was presented to study contributors during feedback or validation sessions which
occurred in 2021 in both communities. This key step ensured increased accuracy and confidence in
results. Project results were also shared with board members from the Kimmirut and Pangnirtung HTOs
prior to final report publication, providing additional community-based peer-review of research findings.

Key Findings

Importance of polar bears to Nunavut Inuit — Interview contributors shared a strong sense of the
importance of nanug (polar bear) to Inuit culture, identity, traditions, and well-being, and discussed
their past and ongoing relationships with polar bears. Nanug was described as a mighty, intelligent, and
resilient animal that must be both respected and feared. Participants explained that IQ emphasizes the
importance of harvesting only what one needs, not playing with bears, sharing polar bear meat, and
avoiding waste. Today, polar bears are harvested in Kimmirut and Pangnirtung mainly for their meat and
hide. Polar bears are a source of country food and a source of income through the selling of hides and
guided sport hunts. In both communities, polar bear hides are generally sold or used for clothing,
mattresses, and blankets. However, many participants commented that the economic value of polar
bear hides has declined in recent years, which has created a disincentive to harvest polar bears.
Importantly, contributors from both communities commented on the importance of maintaining polar
bear harvest into the future to preserve Inuit ways of life and foster community well-being.

Polar bear health and ecology — Overall, interview contributors from Pangnirtung and Kimmirut reported
that, within their area of observation, the local polar bear population is today generally healthy.
Observations suggestive of a healthy polar bear population included: an increase in polar bear sightings
systematically reported by participants over their lifetime suggestive of increased abundance; females
with two cubs-of-the-year and females with two yearlings being most frequently observed suggestive of
no change in cub productivity and survival over time; a high proportion of polar bears observed in good
body condition and overall health; and rare reports of polar bear disease, abnormalities or non-hunting
related mortality.

In both Kimmirut and Pangnirtung, all interview contributors (n=35) reported a substantial increase in

polar bear abundance observed across their area of observation over their lifetime. In Kimmirut, group
interview participants indicated that the polar bear population had increased by an average of
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approximately 73% (range: 70-75, n=31) since the 1970s and 14% (range: 2-34, n=3) since 2005 within
their area of observation. Contributors also shared detailed observations on the evolution of polar bear
distribution over time within their area of observation; polar bear distribution appeared to have
remained stable (Kimmirut area) or expanded (Pangnirtung area), with a progressive increase of
sightings of polar bears closer to both communities starting from around the 2000s. Nearly all interview
contributors from Pangnirtung and Kimmirut reported observing more cubs and juveniles, females,
and/or females with cubs (family groups) over time. In addition, participants from both communities did
not report any notable changes in cub productivity and survival and/or family group size over time. For
example, in Kimmirut the relative proportion of cubs-of-the-year (COY) and yearlings per female had
been constant from the 1990s onward, with two COYs/female and two yearlings/female most frequently
observed (83% [range: 74-99, n=3] and 75% [range: 45-95, n=3] of the time, respectively). Collectively,
this information coupled with targeted mapping exercises confirmed that the increase in polar bear
sightings reported by all contributors corresponds indeed to a ‘true’ increase in the local abundance of
polar bears rather than an ‘apparent’ increase driven by a shift in polar bear distribution or by changes
in participant travel areas over time. In general, contributors from both Kimmirut and Pangnirtung
reported that polar bears are in good body condition and good overall health. For example, in Kimmirut
94% (range: 92-96, n=3) of polar bears observed by group interview contributors over the 2016-2019
period exhibited healthy fat levels and 91% (range: 85-95, n=3) of polar bears observed over the same
time period were described as overall healthy. Moreover, results indicated that these proportions have
either remained stable or slightly declined since the 1990s. However, in recent years, Inuit contributors
pointed to some subtle changes in polar bear health, including a slight decline in polar bear fatness and
overall health noted by some participants and occasional reports of hair loss (alopecia) —which was also
observed in some seals. In addition, participants had observed recent changes in polar bear prey
availability and habitat condition over time, including changes in sea ice quality and quantity and a
major decline in the abundance of ringed seals (main polar bear prey present throughout the year
around Kimmirut and Pangnirtung) observed around both communities. In Pangnirtung and Kimmirut,
all participants who commented on ringed seal abundance reported a major decline occurring over the
last few decades. For example, contributors reported an 80% (range: 80-80, n=22) decline in ringed seal
abundance in the Kimmirut area occurring between the 1960 and 2019. Over the same timeframe,
sightings of harp seal (only seasonally present) had increased by approximately 60% (range: 43-75, n=2),
while the number of bearded seals had remained constant around Kimmirut. Contributors from both
communities also noted that polar bears feeding on anthropogenic waste and other man-made items
was a recent phenomenon. At the time interviews were conducted, changes in habitat condition and
ringed seal availability were not reflected in observations related to cub productivity, which has
remained stable according to contributors from both communities.

Management and stewardship — Contributors emphasized that nanugq is a resilient and opportunistic
predator that is highly adaptable to changes in prey availability and habitat conditions. In addition, study
results highlighted public safety concerns arising from increased human-polar bear interactions and
encounters and suggested that polar bear management today must find ways to address public safety
concerns while ensuring that polar bears persist into the future and remain available for future
generations.

! Here n=3 refers to three group interviews organized in Kimmirut with male polar bear harvesters in which a total
of eight harvesters participated.

2 Here n=2 refers to two group interviews organized in Kimmirut with male polar bear harvesters in which a total of
six harvesters participated.
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5.4 Other Inuit Knowledge Studies
Overview

A recent literature review gathered 23 sources that include Inuit Knowledge (IK) of the DS polar bear
subpopulation (Hicks et al. 2022). These sources were published between 1976 and 2022 and included
peer-reviewed articles, government and co-management board reports, academic theses, books, and
film. They covered all three Inuit regions within the DS subpopulation (with 18 sources from Nunavut, six
from Nunatsiavut, four from Nunavik, and one from Greenland).

Five regional IK reports specific to the DS subpopulation —including the three reports described in
sections 5.1, 5.2 and 5.3 above - were the most comprehensive sources within the compiled documents
(Kotierk 2010a, 2010b, York et al. 2015, NMRWB 2019, Tomaselli et al. 2022). Those five regional reports
were reviewed, analyzed, and synthesized by the Polynya Consulting Group as part of the Nanuk
Knowledge and Dialogue Project, which aimed to develop a shared understanding about the DS polar
bear subpopulation amongst Inuit regions, and to mobilize this knowledge to strengthen polar bear co-
management (Hicks et al. 2022). The Nanuk Knowledge and Dialogue Project is collectively led by the
TWPCB in Nunatsiavut, the NMRWB in Nunavik, and the NWMB in Nunavut, in partnership with Nunavut
Tunngavik Inc. (NTI) and the Nunatsiavut Government.

Key Findings

All five regional IK reports documented an overall increase in polar bear abundance observed by Inuit
since the 1970s (within areas of travel around communities) and indicated that DS polar bears are
generally healthy (Kotierk 2010a, 2010b, York et al. 2015, NMRWB 2019, Tomaselli et al. 2022). Impacts
of increased abundance were noted across the three Inuit regions primarily through safety concerns
associated with increased human-polar bear interactions (Hicks et al. 2022). In addition, changes in polar
bear habitat and prey availability were reported across these regions, including: a decrease in sea ice
quality and quantity observed in Nunavut, Nunavik and Nunatsiavut; an increase in harp seal abundance
reported in Nunavut and Nunatsiavut; and a decline in ringed seal abundance observed in Nunavut
(Hicks et al. 2022). Inuit participants also explained that polar bears are resilient and opportunistic
predators highly adaptable to environmental change (Hicks et al. 2022). Importantly, Inuit participants
reported that IK is key to understanding polar bear health and managing human-bear relationships; and
some participants expressed a desire to have more control in decision-making related to the
management of the DS polar bear subpopulation (Hicks et al. 2022).

Finally, one regional report assessed the social carrying capacity for polar bears within Nunavut
communities harvesting from the DS subpopulation (Kotierk 2010b). Social carrying capacity can be
defined as the level of human/wildlife interactions that meets social and cultural demands for positive
interactions, such as harvesting of food and other resources, but does not exceed social tolerance of
negative interactions, such as property damage (Peyton et al. 2001). Amongst Nunavut Inuit harvesters
(n=33) who participated in a survey in 2007-08, 54 % thought that the DS polar bear subpopulation was
above their preferred abundance level and 37% expressed the view that abundance was at their
preferred level (Kotierk 2010b).
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6. Scientific Assessment
6.1 Subpopulation Abundance

According to mark-recapture studies conducted between 1974 and 1979 on sea ice in the spring, 700-
900 bears were estimated to be present in the southern Baffin Island portion of the current delimitation
of DS and 60-90 additional bears in the northern Labrador coast portion (Stirling and Kiliaan 1980,
Stirling et al. 1980). In 1993, the PBTC established the DS subpopulation abundance estimate at 1,400
polar bears to account for the bias in sampling in the original studies. This estimate was subjectively
raised again to 1,650 in 2005 based on the minimum population size that would be needed to sustain
the harvest level occurring at that time and the fact that Indigenous knowledge suggested that more
bears were being seen over the last 20 years.

Because of the uncertainties surrounding the population status, the Government of Nunavut (GN)
conducted another population inventory from 2005-2007, resulting in an abundance estimate of 2,158
(95% Cl: 1833 — 3442) bears (Peacock et al. 2013).

A two-year genetic-mark-recapture (biopsy) study was conducted in 2017 and 2018 involving all of the
DS management jurisdictions and Boards (Dyck et al. 2021a). The 2017-2018 study design resembled the
2005-2007 study in terms of coverage and timing to allow comparison to the earlier study to establish a
population trend. In addition, the 2005-2007 study data was reanalyzed with the 2017-2018 study data
and harvest data to improve accuracy of estimates.

The analysis included the previous 2005-2007 live-capture data, harvest recovery data from 2005 to
2018 and the genetic samples collected in 2017 and 2018. Using this larger dataset, DS abundance was
re-estimated for the 2005-2007 at 2,250 bears [95% CRI 1,989 - 2,512], which falls within the confidence
interval of the estimated abundance published by Peacock et al. (2013). Estimated abundance for the
2017-2018 period was 2,015 bears [95% CRI 1,603 - 2,588]. Geometric mean subpopulation growth
between 2006 and 2018 was 0.989 [95% CRI 0.974 — 1.010] which corresponds to a 0.896 probability
that subpopulation growth was <1, and thus the subpopulation most likely declined over this period.

Mean annual reported harvest from all jurisdictions combined increased from 64.1 + 10.1 (SD)
bears/year between 1999 and 2008 to 86.8 + 23.6 between 2009 and 2019. Given the lack of complete
harvest reporting within the DS subpopulation area, it is not possible to determine an exact number of
the potential, annual allowable removal from the subpopulation. The increased harvest within the DS
subpopulation area may be a factor explaining the lower abundance estimate in 2017-2018.

6.2 Supplementary Information - Reproduction, Body Condition, Survivorship, and
Movement

Survival

The 2017-2018 genetic mark-recapture study estimated survival for the entire DS subpopulation area
(Dyck et al. 2021a). This contrasts with Peacock et al. (2013) which included a geographic component
model variation in survival and reproduction based on a bear’s initial capture location (e.g., north,
central, and south Davis Strait). However, Dyck et al. (2021a) found there was not sufficient evidence to
warrant the inclusion of three distinct geographic subpopulations within the DS boundary and did not
want to reduce the samples size of the 2017-2018 study.
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In the most recent abundance estimate report (Dyck et al. 2021a), survival rates estimated for all
segments of the population were slightly lower than those calculated by Peacock et al. 2013, but fell
within their confidence intervals. Potential causes for the lower survival reported from the recent study
include the grouping of senescent bears (>20 years old) with prime age adults. Senescent bears typically
have lower survival rates compared to prime age adults. Methodologically, genetic capture-mark-
recapture allows estimation of survival for age class bears but loses resolution for age-specific survival
estimates because no tooth is obtained for aging. Thus, including the senescent bears with prime age
adults likely reduced the overall estimate of adult survival. This increases the variability in the survival
estimates and must be considered when evaluating the results. Inclusion of auxiliary information
including satellite telemetry and harvest data with individuals aged and identified through genetic
analysis can help overcome the weaknesses of genetic capture-mark-recapture.

Reproduction

Over the two comparable study periods (2005-2007 and 2017-2018), mean cub-of-the-year (CQOY)
recruitment (number of COYs per adult females) ranged from 0.23 to 0.45 and mean yearling
recruitment (number of yearlings per adult females) ranged from 0.23 to 0.41. The rates for COYs are
notably lower than the adjacent Baffin Bay subpopulation where values were between 0.55 and 0.83
(Laidre et al. 2020a). Additionally, COY litter sizes were lower than other subpopulations including Baffin
Bay (Laidre et al. 2020a), but did not differ from the previous study period in 2005-2007. The
recruitment rates for yearlings were closer to reported recruitment of yearlings in Baffin Bay (Laidre et
al. 2020a) and fall within a range that is generally considered adequate for population persistence
(Regehr et al. 2017). While the mean values are low compared to other subpopulations, they appear to
be sufficient to sustain the DS subpopulation. The relatively low reproductive rates have been noted as
an area for continued monitoring in the face of ongoing climate change as impacts to recruitment
remain unknown.

Body Condition

Body condition decreased based on data from 2005-2007 compared to earlier 1990s data. However,
bears were less likely to be in poor body condition during the 2017-18 study period when compared to
the 2005-07 study. Similar improvements in body condition for polar bear subpopulations have been
noted in other studies in the last 10 years (e.g., 2011-2018), including Kane Basin (Laidre et al. 2020b),
Gulf of Boothia (Dyck et al. 2022), and M’Clintock Channel (Dyck et al. 2021b). These subpopulations
represent a range of ecosystems, though all have some amount of ice that persists through the summer
and fall, whereas DS experiences a mostly ice-free summer (Stern and Laidre 2016).

Movement

Bears were fitted with telemetry sensors in the early and late 1990s (1991-1994 and 1997-1999) in the
DS area. No telemetry work has been done since the 1990s in response to Inuit concerns with physical
handling and telemetry of polar bears. There appears to be high fidelity to geographic location based on
capture and recapture locations from fall on-shore survey data within the DS area (GN unpublished
data). Telemetry data from other subpopulations (e.g., Baffin Bay and Kane Basin, Laidre et al. 2018,
2020a) indicated changes in range and distribution of polar bear subpopulations in the past 20 years
that is correlated with sea ice changes. The telemetry work from Baffin Bay supported the northern
boundary of the DS area, and the dead recovery data provided by harvesters in Nunavut indicates that
over 85% of recovered bears were within the DS subpopulation boundary. These data indicate that the
current boundaries for DS have remained generally relevant. However, any changes in movements,
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distributions, or fidelity that may have occurred in Davis Strait in relation to the ongoing sea-ice declines
and other environmental change have remained unclear, except through insights that have been
available through IK.

6.3 Environmental Conditions

Stern and Laidre (2016) evaluated changes in the timing of spring sea ice retreat and fall sea ice advance
for all 19 polar bear subpopulations from 1979-2014, using a common set of sea ice metrics across
subpopulations. Their methodology has been adopted by the Polar Bear Specialist Group (PBSG) as an
indicator of the availability of sea-ice habitat in the PBSG’s status table
(http://pbsg.npolar.no/en/status/status-table.html). Full methodological details are provided in Stern
and Laidre (2016).

In the 2017-2018 scientific study, environmental factors such as sea-ice duration were examined to
evaluate if effects on interannual survival were present. Covariates investigated include the
relationships between polar bear survival and 1) sea-ice decay rate following Lunn et al. (2016), 2) the
number of ice-free days, and 3) the winter indices of the North Atlantic Oscillation (NAO) and Arctic
Oscillation (AO; Dyck et al. 2021a). The NAO and AO are strong indicators of sea-ice extent during the
spring to summer period as they influence regional climate (Stern and Heide-Jgrgensen 2003, Heide-
Jgrgensen et al. 2007). The study used data during the 2005-2018 period and found no link between
survivorship and the sea-ice parameters that were examined. Sea ice in Davis Strait has decreased both
in duration and summer sea ice area (Table 5). Peacock et al. (2013) found that total survival increased
when the mean summer sea-ice concentration was between 17% and 29% using their 2005-2007 study
data and decreased below 17%. Mean summer sea-ice concentration did not exceed 8% during the last
study period of 2017-2018.

In Davis Strait, harp seals, an important prey species for DS polar bear subpopulation (lverson et al.
2006; Peacock et al. 2013), increased dramatically from the 1970s to 1990s, and appears to have
remained relatively stable since the mid-1990s, with an increasing population in recent years (Stenson et
al. 2010, Hammill et al. 2021). This abundance of harp seals probably provided a much-enhanced
potential prey base for DS polar bears and was one potential mechanism behind Peacock et al.’s (2013)
findings by which polar bear survival remained high since the 2000s. Similarly in the 2017-2018 scientific
study, harp seal abundance was included as an environmental covariate to evaluate the effect on
survival; however, the study found no relationship between harp seal abundance and survival. Since the
initial increase in harp seal abundance between 2005 and 2018, the harp seal abundance has remained
consistently high (> 5 million seals, Hammill et al. 2021). Dyck et al. (2021a) suggest that the increase of
harp seal abundance over time may have contributed to an increase in polar bear survival in DS;
however, as harp seal abundance has stabilized, and the likelihood of detecting an influence of harp seal
abundance on polar bear survival has decreased.
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Table 5. Trends in sea ice metrics according to global polar bear subpopulations (PBSG 2018).

Subpopulation Sea Ice Metricst
Change in spring Change in fallice  Change in summer
ice retreat (days advance (days sea ice area (percent
per decade) per decade) change per decade)
Arctic Basin -3.2 8.0 -6.7
Baffin Bay -7.3 5.2 -18.9
Barents Sea -16.6 24.2 -16.0
Chukchi Sea -34 4.2 -18.8
Davis Strait -7.7 9.7 -19.9
East Greenland -6.2 5.5 -6.5
Foxe Basin -5.3 5.8 -14.2
Gulf of Boothia -6.9 8.3 -12.2
Kane Basin -7.2 5.6 -12.2
Kara Sea -9.2 7.6 -18.6
Lancaster Sound -5.6 5.1 -7.7
Laptev Sea -8.2 6.5 -14.7
M'Clintock Channel -39 5.8 -9.0
Northern Beaufort Sea -5.8 33 -5.9
Norwegian Bay -1.3 4.3 -2.3
Southern Beaufort Sea -8.7 8.7 -20.5
Southern Hudson Bay -3.1 4.1 -11.4
Viscount Melville Sound -4.7 7.4 -6.1
Western Hudson Bay -5.2 3.6 -16.3

T Sea ice metrics defined as follows by PBSG: (1) Change in date of spring sea ice retreat and change in date of fall
sea ice advance (days per decade) over the period 1979-2014. Each year the area of sea ice reaches a maximum in
March and a minimum in September. In order to measure the timing of the seasonal change in sea ice, we find the
date each spring when the area of sea ice has dropped to a specific threshold and the date each fall when the area
has grown back to that same threshold. The region-specific threshold is halfway (50%) between the mean March
sea-ice area and the mean September sea-ice area over the period 1979-1988 for each subpopulation region. (2)
Change in summer sea ice area (percent change/decade, June 1 — October 31) relative to the average summer sea
ice area during 1979-1988. Sea ice area was calculated as the sum, over all grid cells with >15% sea ice
concentration, of the grid cell area multiplied by the grid cell sea ice concentration.
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EXECUTIVE SUMMARY

Nanuq (polar bear; Ursus maritimus) is a key species of the Arctic ecosystem and is culturally
important to Inuit. Nunavut Inuit have accumulated and developed a vast knowledge about polar
bears through extensive observation of their environment and harvesting activities.
Understanding the health status —including abundance— of polar bear populations is critical for
effective polar bear management. In Nunavut, sustainable polar bears harvest quotas are
established using both Inuit Qaujimajatugangit (IQ; Inuit traditional knowledge) and Western
scientific information.

This project aimed at gathering and documenting Inuit Qaujimajatugangit on polar bear health
around the communities of Kimmirut, Pangnirtung and Igaluit, Nunavut, to support management
decisions and strategies for the Davis Strait polar bear subpopulation. This collaborative research
project was conducted as a partnership between the Government of Canada (Environment and
Climate Change Canada and Polar Knowledge Canada), the Government of Nunavut
(Government of Nunavut, Department of Environment), and local Hunters and Trappers
Organizations (HTOs) from the communities of Pangnirtung and Kimmirut in the Qikigtani region
of Nunavut (Figure A), with support from the Amarok Hunters and Trappers Organization.

We documented Inuit Qaujimajatugangit related to polar bear cultural importance, harvesting
practices, health, ecology, and management through a series of individual and group interviews
and participatory exercises conducted in 2019 with 35 Inuit participants from Pangnirtung and
Kimmirut. Individual interviews were performed in both communities. Group interviews —which
allowed obtaining quantitative information— were performed in Kimmirut only, with a total of
15 participants (including seven who were also interviewed individually and eight new
participants) divided into four groups: three groups included male polar bear harvesters and one
included women specialized in polar bear hide processing. Group interviews planned in
Pangnirtung were cancelled due to limitations posed by the COVID-19 pandemic. In fall 2021,
preliminary results were presented to participants for their validation and feedback, which was
incorporated in this report. Overall, project contributors included 24 men and 11 women ranging
in age from their early 40s to early 80s. Polar bear experts interviewed included Kimmirutmiut and
Pangnirtungmiut who had experience harvesting and butchering polar bears (generally men),
processing and cleaning polar bear hides (generally women), or otherwise significant experience
on the land. Inuit Qaujimajatugangit shared by participants over the course of this study was
acquired through their direct individual experiences with polar bear harvesting, butchering and
hide processing, as well as through their experience living and travelling on the land. Some of this
knowledge was also obtained from other hunters, Elders and community members. Direct
ecological observations reported by participants were made within a 420-kilometer radius from
their community, and earliest direct observations reported dated back to the 1940s (see ‘range of
direct observations’ represented in Figure A).

Here we summarize the knowledge that was shared by Inuit project contributors during interviews,
and relevant to the assessment of polar bear health from an IQ perspective. In this study, polar
bear health was considered broadly and holistically at the individual, population and ecosystem
levels. We assessed polar bear health considering multiple parameters, such as abundance and
demography, habitat condition and distribution, diet and prey availability, body condition and
human-polar bear interactions, in addition to mortality and disease.
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Given that Inuit Qaujimajatugangit includes multiple dimensions (cultural values, practices, ethics,
worldviews, as well as ecological observations) which cannot be dissociated from one another,
Inuit observations related to polar bear ecology and health are presented alongside knowledge
related to the cultural and economic importance of polar bears, and Inuit perspectives on polar
bear management and stewardship. Particular attention was given to topics that could inform
ongoing and future polar bear research, monitoring efforts, and management decisions.

Importance of polar bears to Nunavut Inuit

Interview contributors shared a strong sense of the importance of polar bears to Inuit culture,
identity and traditions, and discussed their past and ongoing relationships with polar bears. Nanug
was described as a mighty, intelligent and resilient animal that must be both respected and feared.
Participants explained that Inuit Qaujimajatugangit emphasizes the importance of harvesting only
what one needs, not playing with bears, sharing polar bear meat, and avoiding waste.

Prior to the introduction of the quota system in the 1960s, Inuit hunters could harvest any polar
bear at any time of the year, including family groups (female with cubs) and denning female bears.
Particularly around Pangnirtung, harvesting denning females was practiced along the east coast
of the Cumberland Peninsula. In the past, polar bear meat and fat were shared among families
and used as food for sled dogs, while polar bear hides were used for clothing, as mattresses and
for trade. The establishment of harvesting quotas and the development of a cash economy
associated with the selling of polar bear hides contributed to significant changes in polar bear
harvesting practices in Pangnirtung and Kimmirut. Harvesting polar bears transitioned from being
sporadic and mainly opportunistic to being seasonal, sex-selective (biased towards the harvest
of big adult males or angujuaq) and limited by harvest quotas. Contributors from both communities
explained that family groups and denning female bears are not harvested anymore.

Today, polar bears are harvested mainly for their meat and hide. Polar bears are a source of
country food but also a source of income through the selling of hides and guided sport hunts. In
Kimmirut and Pangnirtung, polar bear hides are generally sold or used for clothing, mattresses
and blankets. However, many participants commented that the economic value of polar bear
hides has declined in recent years, which has created a disincentive to harvest polar bears.

Polar bear hunters from Kimmirut and Pangnirtung reported that the months of March and April
are best for harvesting bears because it allows obtaining hides of greater economic value
(i.e., thicker, whiter and bigger hides). At that time of year, big male polar bears that mostly live in
the pelagic environment are more accessible to harvesters as they come close to the coast to
mate and hunt denning ringed seals. In both communities, polar bear hunting is mainly conducted
by men, although some women also engage in polar bear hunts. Polar bears are generally
butchered by hunters immediately after harvest and stomach contents are routinely inspected.
Polar bear hide and meat are brought back to the community, while the organs are left at the Kill
site. Polar bear meat is shared among community members and the hide is thoroughly cleaned,
stretched and dried —mainly by women-— prior to being sold or used. Preparing polar bear hides is
a work intensive process that women often conduct collaboratively.

Participants from both communities talked about the importance of maintaining polar bear harvest

into the future to preserve Inuit ways of life. Polar bear harvesting was reported to contribute to
community well-being as it connects Inuit to the land and cultural traditions.
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Polar bear ecology and health

Contributors shared their knowledge of polar bear ecology and health, including observations and
perspectives on: polar bear abundance and demography; habitat and distribution; diet and prey
availability; body condition and general health; diseases and mortality; human-polar bear
interactions; and the future of polar bears.

Abundance and demography

In both Kimmirut and Pangnirtung, all interview contributors (n=35) reported a general increase
in polar bear abundance observed across their area of observation over their lifetime. In Kimmirut,
group interview participants indicated that the polar bear population had increased by an average
of approximately 73% (range: 70-75, n=3) since the 1970s and 14% (range: 2-25, n=3) since
2005 within their area of observation (Figure B). We note that trend observations documented
though group interviews seem to reflect a ‘true’ increase in the relative abundance of polar bears
in the Kimmirut area and not an ‘apparent’ increase resulting from spatial and temporal changes
in land use by participants and/or temporal changes in geographical distribution of polar bears
within participants’ range of direct observations.
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Figure B. Relative proportion of polar bear observations/encounters between 1945 and 2019 as observed
by Kimmirut contributors during group interviews. This information can be used as a proxy for polar bear
relative abundance in the Kimmirut area. Information presented is based on interviews with three groups of
polar bear hunters from Kimmirut (n=3; totalling eight participants). Data points were obtained from drawing
and proportional piling exercises; each group of participants reached consensus on the relative proportion
of bears they had observed over time. The dashed black line is the mean value.

Nearly all interview contributors from Pangnirtung and Kimmirut reported observing more cubs,
females, and/or females with cubs (family groups) over time. In addition, participants from both
communities did not report any notable changes in cub productivity and survival and/or family

1 Throughout the executive summary, when numerical information generated from group interviews is
provided we indicate the number of group interviews ‘n’ from which the information was obtained through
participatory exercises. In the context of this summary, n=3 therefore refers to three group interviews
organized in Kimmirut in which a total of eight polar bear harvesters participated.
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group size over time?2. For example, in Kimmirut the relative proportion of cubs-of-the-year (COY)
and yearlings per female had been constant from the 1990s onward, with two COYs/female and
two yearlings/female most frequently observed (83% [range: 74-99, n=3] and 75% [range: 45-95,
n=3] of the times, respectively)3. Contributors from both communities noted that female polar
bears generally have one or two cubs, and three on rare occasions. They also stated that, over
their lifetime of observations on the land, in general females with two cubs were most frequently
observed.

Contributors referred to four key indicators which conjointly pointed to an increase in polar bear
abundance over time: (1) encountering more bears while travelling on the land, particularly family
groups and young or juvenile polar bears; (2) observing more polar bear tracks while travelling on
the land; (3) increasing risks of conflicts between humans and polar bears and/or polar posing a
greater safety concern today compared to the past; and (4) hunting trips being now shorter in
duration and/or hunters no longer needing to travel as far to harvest polar bears. Participants also
explained that observed changes in polar bear abundance could be linked to: harvest quotas and
sex-selective harvest restrictions; polar bear prey availability; sea ice conditions; and changes in
weather and climate. In Kimmirut, recent observations (likely made within the past 10 years) of
polar bears that seem “smaller in size” were also reported. While contributors did not directly link
these observations with the immigration of polar bears with a different phenotype (smaller size)
from adjacent subpopulations into the Kimmirut area, we believe this possible explanation should
be considered.

Many contributors highlighted that the observed increase in polar bear abundance has had
significant impacts on their life on the land and in communities. Nowadays, Kimmirutmiut and
Pangnirtungmiut have to be alert and prepared to encounter polar bears anywhere they go.

Distribution and habitat

Contributors shared detailed observations on the evolution of polar bear distribution over time
within their areas of observation. In Kimmirut, group interview results suggested that the
distribution of polar bears has not substantially changed since the 1960s with higher numbers of
polar bears (about 70-80% of the total) observed along the shore of the Meta Incognita Peninsula
(from York Sound to Barrier Inlet) and in Markham Bay. Therefore, in the Kimmirut area the
probability of polar bear encounters has increased with time —from the 1960s to 2019— mainly as
a function of increased polar bear numbers rather than as a result of shifts in polar bear
distribution. Around Pangnirtung, individual interview results indicated that polar bears have
progressively expanded their range —rather than shifting it— into central and upper Cumberland
Sound, closer to the community, since around the 1990s. These observations also point to a ‘true’
increase in polar bear abundance in the Pangnirtung area rather than an apparent increase
resulting from a shifting distribution within participants’ area of observation.

Many participants from both communities also described a progressive increase in the number of
bears observed within or close to their community starting from around the 2000s. They identified

2 In this study, cub productivity (number of polar bears cubs produced in a population) and cub survival
(number of polar bears cubs that survive the first year) were estimated using the indicators ‘COY litter size’
(number of COYs per female) and ‘yearling litter size’ (number of yearlings per female) assessed over the
same time periods.

3 For polar bears in the Pangnirtung area, this information was not documented as group interviews were
not performed in Pangnirtung; however, notable changes in the number of yearlings observed over time did
not emerge from individual interviews.
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three potential causes that could explain why more polar bears are observed in or near
communities: (1) an increase in polar bear abundance (and particularly an increasing number of
juveniles that are more inquisitive and still learning how to hunt effectively); (2) polar bears being
attracted by the smell of food in communities and at the dump and/or by the smell of carcasses
from harvested animals near communities; and (3) changes in sea ice conditions leading to polar
bears spending more time on the land and in coastal areas near communities. While any type of
polar bear could be seen near or within communities, more inquisitive juveniles —which also tend
to be more aggressive than adults— and sometimes mothers with cubs were the types of polar
bears mostly observed around communities.

Contributors from Pangnirtung and Kimmirut indicated that polar bears can be encountered on
the sea ice, in open water and on the land, depending on the season and prey availability. Many
described the presence of sea ice, abundant preys, low anthropogenic disturbance, as well as
the presence of both male and female polar bears and bears from different age categories
(including young and mature individuals) as characteristics of a ‘good’ polar bear habitat that can
sustain a healthy polar bear population. Participants noted seasonal polar bear distribution
patterns that were mainly driven by sea ice dynamics and seal availability.

While contributors emphasized the importance of sea ice for polar bears, many reported changes
in sea ice quantity and quality observed over recent decades. Changes observed included: thinner
sea ice, bigger polynyas, changes in floe edge location (closer to coast), as well as earlier sea ice
break-up in and later freeze-up. However, several contributors from both communities mentioned
that while sea ice changes may have an effect on polar bears —notably because polar bears use
sea ice to hunt seals— nanuq is highly adaptable to habitat and sea ice changes.

Lastly, contributors identified known polar bear denning areas and discussed polar bear denning
behaviour and habitat. Some participants had directly observed polar bears dens over their
lifetime and identified specific polar bear denning areas around Pangnirtung and Kimmirut. One
participant from Pangnirtung noted a shift in maternity den location due to melting glaciers.

Diet and prey availability

Contributors from Pangnirtung and Kimmirut described the broad diet of polar bears and identified
mainly ringed seal (natsiq) and their pups, as well as other types of seals (including bearded seal,
harp seal, harbour seal and their pups) to be the main polar bear preys. According to group
interview contributors from Kimmirut, seals accounted for 75% (range: 64-90, n=3) of the overall
polar bear diet. Additional polar bear preys consistently mentioned were: walrus; ducks and bird
eggs; whales (including belugas, narwhals and beached bowhead whales); fish (mainly Arctic
char); seaweeds; and plants and berries. Preys or items occasionally mentioned as part of polar
bear diet included: other polar bears; anthropogenic waste and man-made items; caribou; dogs;
and Arctic foxes. Participants also described how polar bear diet varies throughout the year
depending on prey availability, and highlighted seasonality in use of resources. Several
contributors from both communities highlighted that nanugq is a highly adaptable and opportunistic
predator. Many reported that polar bears are effective hunters on sea ice but also on the land and
in open water. Contributors from both communities noted that polar bears feeding on
anthropogenic waste and other man-made items was a recent phenomenon. Several participants
had either directly observed or heard reports of cannibalism from other community members
although such observations were overall rare. Some also indicated that more bears were feeding
in duck colonies nowadays compared to the past, although this phenomenon was described as a
function of the increased number of polar bears rather than as the result of a shift in polar bear
diet (polar bears have been known for long time to feed in duck colonies).
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Contributors commented on changes in seal abundance and health over their lifetime. In both
communities, all participants who commented on ringed seal abundance reported a major decline
in ringed seal occurring over the last few decades. For example, contributors reported an 80%
(range: 80-80, n=2) decline in ringed seal abundance in the Kimmirut area occurring between the
1960 and 2019. Over the same timeframe, harp seal sightings had increased by approximately
60% (range: 43-75, n=2), while the number of bearded seals remained constant around Kimmirut
(Figure C).
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Figure C. Relative proportion of ringed seal (A), harp seal (B) and bearded seal
(C) observations/encounters between 1940 and 2019 and summary of polar bear and seal trends (D) as
observed by Kimmirut contributors during group interviews. This information can be used as a proxy for
relative seal abundance in the Kimmirut area. Information presented is based on interviews with three
groups of polar bear hunters from Kimmirut (n=3; totalling eight participants). Data points were obtained
from proportional piling exercises; each group of participants reached consensus on the relative proportion
of seals they had observed over time for each species. The dashed black line is the mean value. Polar bear
trends presented in (D) are the same as those presented in more detail in Figure B.
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Contributors from Pangnirtung and Kimmirut offered various explanations as to why they thought
ringed seals had declined in recent decades around their community, including: increase in polar
bear predation (especially around ringed seals denning areas during the pupping season);
increase in local community harvest; ringed seal emigration into other areas (either following
preys or due to displacement by other species); increase in maritime transport; lack of sea ice;
warmer ocean waters; increase in fox predation; and changing winds. While some participants
had not seen any changes in seal health over time, others noted that ringed seal are how skinner
and described abnormalities observed in ringed seal fur over the last 20 years, including fur loss
or alopecia and molting lasting longer than usual. Alopecia was also observed in bearded seals
in the Kimmirut area.

Despite the observed decline in ringed seal abundance and reported changes in seal health,
contributors generally indicated that polar bears have broad diets and that they can adapt to
changes in prey availability. Many noted that they were not concerned about polar bear
persistence related to ringed seal availability. However, it was also acknowledged that if ringed
seals —the main resource polar bears rely on throughout the year— remain scarce, polar bears
could move to areas where ringed seals and other suitable preys are more abundant.

Body condition and general health

Contributors shared information about what they are looking for (indicators) to assess the health
of individual polar bears. Polar bear health indicators discussed included: polar bear body
condition (fatness); behaviour and movement; fur colour and condition; meat and fat colour, smell
and taste; stomach contents; teeth condition; and appearance of internal organs. While
participants reported assessing the health of individual polar bears holistically, employing multiple
indicators, they also highlighted that body condition (fatness) was the indicator that most reflected
the overall health of individual polar bears as it correlated with many other indicators. Participants
assessed the health of individual polar bears both before harvesting (while observing live polar
bears on the land) and after harvesting (during butchering, hide processing and consumption of
harvested bears). Interestingly, contributors also reported using direct and indirect indicators (or
metrics) for polar bear health assessment, particularly to determine the fatness of individual
animals. Some of these indicators (e.g., degree of consumption of seal carcasses) may be useful
as early warning signs of impending changes in polar bear health at the population level.
Assessing the health status of individual polar bears was important to participants as it guided
their polar bear harvesting and consumption decisions. Many noted that they preferred harvesting
and consuming ‘healthy’ polar bears that provide good quality meat and hides.

Contributors from both communities also shared their observations of temporal changes in polar
bear body condition and general health. During individual interviews held in Kimmirut, contributors
shared multiple perspectives on changes in polar bear fatness (body condition) observed over
time. A majority of contributors reported observing more polar bears in poorer body condition
compared to the past with some of them interpreting this as a general decline in polar bear body
condition over time within the Kimmirut area. However, some expressed the view that polar bear
body condition had remained stable or were uncertain about any change in polar bear body
condition over time. Group interviews indicated that the increased number of ‘skinny bears’
reported by individual interviewees were likely a function of the population increase rather than
the result of a substantial change in polar bear body condition status over time. Overall,
proportions of polar bears observed per body condition type have remained similar since the
1990s (Figure D). However, in more recent years (2016-2019 period) group interview results also
suggested a minor shift in polar bear body condition from the ‘fat’ to the ‘average’ type compared
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to levels measured in previous time periods (Figure D). Importantly, most polar bears being
observed today in the Kimmirut area remain in ‘good’ body condition and ‘healthy’: 94% (range:
92-96, n=3) of polar bears observed by group interview contributors over the 2016-2019 period
exhibited ‘healthy’ fat levels (‘average’, ‘fat’ or ‘very fat’ body condition) and 91% (range: 85-95,
n=3) of polar bears observed over the same time period were described as overall ‘healthy’
(Figures D and E). Furthermore, group interview results indicated that these proportions have
either remained stable or slightly declined since the 1990s (Figures D and E).
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Figure D. Relative proportion of polar bears observed per body condition type (1 to 5 scale developed by
Stirling et al. 2008) over three time periods (around 1990, around 2005, and last three years [2016 to 2019])
in the Kimmirut area. Percentages were derived from proportional piling exercises with three groups of
contributors from Kimmirut (n=3; totalling eight participants). Mean values are presented over each bar with
respective value ranges provided in brackets in light grey. Polar bear categories and drawings of body types
are sourced from the Polar Bear Body Condition Index Card used by the Government of Nunavut,
Department of Environment (Government of Nunavut, n.d.). All group interview contributors from Kimmirut
indicated that polar bears exhibiting body condition types 1 and 2 were considered ‘unhealthy’ and that
bears with body condition types 3, 4 and 5 were ‘healthy’ polar bears.
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Figure E. Relative proportion of ‘healthy’ vs ‘unhealthy’ polar bears observed in the Kimmirut area over
three time periods (around 1990, around 2005, and last three years [2016 to 2019]). Percentages were
derived from proportional piling exercises with three groups of contributors from Kimmirut (n=3; totalling
eight participants). Through discussion, each group reached consensus on the relative proportion of
‘healthy’ vs ‘unhealthy’ polar bears for each time period. Mean values are presented over each bar with
respective value ranges provided in brackets in light grey.

In Pangnirtung, individual interview participants shared similar perspectives as individual
interview contributors from Kimmirut. The majority of individual interviewees reported observing
more polar bears in poorer body condition compared to the past with some of them interpreting
this as a general decline in polar bear body condition over time within the Pangnirtung area, with
earlier signs of change dating back to the 1980s but more consistently observed starting from the
late 2000s. However, similarly to Kimmirut, some expressed the view that polar bear body
condition had remained stable or were uncertain about any change in polar bear body condition
over time. Among participants who had noticed a decline in polar bear body condition over time,
some emphasized that many healthy and fat polar bears were observed today. When discussing
overall polar bear health (considering polar bear fatness along with other health indicators), five
contributors mentioned that polar bears observed around Pangnirtung were generally ‘healthy’
and three noted that bears are not as ‘healthy’ as they used to be. Based on individual interview
results alone, we believe that changes in polar bear body condition and overall health status in
the Pangnirtung area may follow a similar pattern to the one observed in Kimmirut. At the time
interviews were conducted, a recent decline in polar bear body condition and overall health had
been observed by some contributors; however, the magnitude of this decline may not have been
substantial given that such observations were not unanimous. Group interviews would be required
to clarify these uncertainties, including identifying the magnitude of changes in polar bear body
condition and general health status in the Pangnirtung area.
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Participants from both communities who had observed a decline in polar bear fatness over time
mostly attributed this change to: an increase in polar bear abundance combined with a decline in
ringed seal abundance leading to increased competition over preys; and changes in sea ice cover
reducing polar bear access to seals.

Mortality, diseases and abnormalities

Contributors discussed polar bear non-hunting related mortality, disease and other abnormalities.
Overall, participants considered these events to be rare or uncommon and offered detailed
observations about what they saw, including where, when and type of animals involved.

In both communities, observations of polar bear mortality due to starvation or other natural causes
were rare with five events observed around Kimmirut and 12 events around Pangnirtung.
Mortalities suggestive of disease outbreaks were not reported. In fact, most participants had never
directly observed mortality due to causes other than harvesting. Also, participants who recalled
observing very skinny or starving polar bears noted that such observations were uncommon.

Similarly, conspicuous disease and sickness or signs of abnormalities were uncommon
observations in polar bears with 16 contributors (n=8 in Kimmirut; n=8 in Pangnirtung)
occasionally reporting: signs of fur loss or alopecia; limping or lame individuals; greenish lumps
in the subcutaneous fat and in the meat; white spots in the liver; brown spots in subcutaneous fat;
dull and soft claws; and/or posterior paralysis. Most contributors observed those as single events,
and only five contributors had seen or heard of a few polar bears displaying a specific
lesion/syndrome. Regarding observations of fur loss, wide areas of alopecia or thinning of the fur
were only observed on the neck and shoulders (n=10) or on the side of the body (n=1). Gross
appearance of the lesions was similar to signs of alopecia described in polar bears in southern
Beaufort Sea, Alaska. Earliest observations of alopecia dated back to the 1980s in Pangnirtung
and the 1990s in Kimmirut, while most recent ones were made in 2013-2015 in Pangnirtung and
around 2010 in Kimmirut. Although these observations were sporadic, both female, male, adult
and young polar bears were observed with alopecia. In some instances, hair loss was associated
with poor body condition, but not always. Finally, ectoparasites were not observed on polar bear
hides.

When invited to discuss other unusual observations, some participants also described hunting
wounds and ice-related injuries, abnormal skin pigmentation and a three-legged polar bear.
Others reported harvesting polar bears with lip tattoos and ear tags as abnormal events. In
Kimmirut, one contributor had observed a polar bear with half-white and half-black fur, which he
described as a hybrid bear. Lastly, seven contributors reported finding anthropogenic waste
and/or plastics in the stomach of some harvested bears in recent years.

Human-polar bear interactions

Many participants from both Kimmirut and Pangnirtung described progressively more frequent
human-polar bear interactions and encounters. They identified four main factors which could
explain why human-polar bear interactions have increased in recent decades: an increase in polar
bear abundance; greater distances traveled by community members today which increases their
chances of encountering polar bears; more intensive use of coastal areas (where communities
are located) by polar bears as a result of changing sea ice conditions; and change in polar bear
behaviour. Several contributors from both communities indicated that polar bears nowadays tend
to be less fearful and more aggressive towards humans than they were in the past, and reported
increased damage to cabins, food caches and property caused by polar bears.
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Importantly, all individual interview contributors (n=27) highlighted their concern for public safety
resulting from increased human-polar bear encounters and more frequent bear aggressions.
Many shared the view that polar bears posed a greater public safety concern today compared to
the past and pointed to increasing risks of conflicts between humans and polar bears. Polar bears
killed in defense of life and property were described as a recent phenomenon around both
Pangnirtung and Kimmirut.

Participants also described how Pangnirtungmiut and Kimmirutmiut are now finding ways to adapt
to increased polar bear presence by putting in place strategies to mitigate risks of dangerous
interactions with polar bears and minimize damage to property. Some explained that, starting
around the 2000s, residents from both communities have started to use more fixed cabins instead
of tents when camping on the land. Some contributors emphasized the importance of teaching
younger generations about how to coexist safely with polar bears.

Future of polar bears

Many participants indicated it was difficult to or would not comment on the future of polar bears
explaining that one cannot predict the future. Participants who discussed what the future may look
like for polar bears were not generally concerned about the ability of polar bears to adapt to
changing environmental conditions associated with climate change. However, one contributor
explained that while polar bears were highly adaptable, they may face difficulties finding suitable
denning habitat if snow cover continues to decrease. Another noted that polar bear hide quality
could be impacted in the future by changes in sea ice availability. Some also shared the view that
a continued increase in polar bear abundance will pose an increasing threat to the safety of
community members. Several contributors emphasized the importance of healthy polar bear
populations for future generations and maintaining Inuit cultural traditions.

Management and stewardship

Contributors shared their perspectives and concerns related to polar bear management and
stewardship. They also expressed their views on existing communications between polar bear
researchers and Nunavummiut, and suggested ways to improve knowledge exchange and foster
trust building between Nunavummiut, polar bear researchers and wildlife managers.

Public safety concerns

Concerns over public safety emerged strongly during interviews. When prompted to discuss their
concerns about polar bear management, all individual interview contributors (n=27) highlighted
that they were especially concerned about increasing polar bear aggressions and human-polar
bear encounters that posed a threat to human safety.

Harvest quotas and hunting regulations

Contributors shared perspectives on harvest quotas and hunting regulations primarily in the
context of their concerns over public safety. Some explained that harvest quotas and hunting
regulations should better accommodate increasing human-polar bear interactions and associated
safety concerns. Several participants from both communities expressed the view that polar bear
harvesting quotas should be increased to address concerns over public safety.

Many contributors also shared the view that polar bears killed in defense of life and property

should not be subtracted from community harvesting quotas, and some suggested that hides from

polar bears harvested in self-defence be returned to hunters. Two contributors from Kimmirut

suggested extending the current polar bear harvest season into the summer, when human-bear
XXiv



interactions are likely. Some participants also expressed a desire to harvest polar bear cubs and
suggested to increase the amount of females harvested”.

Many contributors from both communities also noted that current polar bear management
practices differed from how Inuit would traditionally manage their interactions with polar bears.
Some shared the view that Inuit should have greater control over polar bear harvest management
in order to ensure public safety. Participants emphasized the importance of IQ in polar bear
management and stewardship.

Communications

Many participants from Pangnirtung and Kimmirut expressed their interest in scientific research
conducted on polar bears. However, while acknowledging communication efforts made by polar
bear researchers to date, several participants from both communities stated that they would like
to receive or have access to more information about scientific research conducted on polar bears.
Some mentioned that they were particularly interested in obtaining scientific information on the
health, abundance and distribution of polar bears.

Several contributors from both communities highlighted that polar bear research communication
with community members could be improved. Perspectives shared by participants highlighted that
improving polar bear research communication was particularly important given the presence of
some community mistrust towards scientific research methods and polar bear researchers, and
the existence of some divergences between scientific and Inuit observations. Participants
emphasized that relationship building and creating opportunities for dialogue between science
and 1Q was key to improving knowledge exchange and fostering trust building between
Nunavummiut and polar bear researchers.

Conclusion

This report explored the detailed historic and contemporary knowledge held by Inuit contributors
about polar bear ecology and health, as well as the importance of nanuq to Nunavut Inuit, and
Inuit perspectives on polar bear management and stewardship.

Overall, interview contributors from Pangnirtung and Kimmirut reported that, within their area of
observation, the local polar bear population is today generally healthy. Observations suggestive
of a healthy polar bear population included: an increase in polar bear abundance systematically
reported by participants over their lifetime, no change in cub productivity and survival over time,
females with two cubs being most frequently observed, and rare reports of polar bear disease or
non-hunting related mortality. However, in recent years, contributors pointed to some subtle
changes —which could be early signs of change— in polar bear health, including a slight decline in
polar bear fatness and overall health noted by some participants and occasional reports of hair
loss (alopecia). Participants had also observed changes in polar bear prey availability and habitat
condition over time, including changes in sea ice quality and quantity and a major decline in the
abundance of ringed seals (the main polar bear prey) observed around both Kimmirut and
Pangnirtung. At the time interviews were conducted, such changes were not reflected in
observations related to cub productivity, which has remained stable according to contributors from
both communities. Overall, participants from Pangnirtung and Kimmirut did not report any notable

4 In Nunavut, the polar bear harvest sex ratio was adjusted in 2019 from two males harvested for every
female (2:1) to up to one female for every male (up to 1:1 system) —male and female polar bears can now
be harvested in any proportion up to a maximum of 50% females (Government of Nunavut 2019). Interviews
were conducted before this change was implemented.
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changes in cub productivity and survival and/or family group size over time. Regular
documentation of Inuit observations will be required to understand how polar bear population
health, including body condition status and population demographics, evolve over time.

Importantly, throughout the project contributors emphasized that nanuq is a resilient and
opportunistic predator that is highly adaptable to changes in prey availability and habitat
conditions.

In addition, study results highlighted public safety concerns arising from increased human-polar
bear interactions and encounters, and suggested that polar bear management today must find
ways to address public safety concerns while ensuring that polar bears persist into the future and
remain available for future generations.

Inuit Qaujimajatugangit highlights the importance of maintaining respectful relationships between
humans and polar bears and reminds us of our collective responsibility towards nanuq and future
generations. We therefore hope this work can serve to inform polar bear management and
decision-making, as well as ongoing and future community-based monitoring and research efforts
in Nunavut and beyond.

oy,
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INTRODUCTION

Nanuq (polar bear; Ursus maritimus) is a key species of the Arctic ecosystem and plays an
important role in Inuit culture. Understanding the health status —including abundance— of polar
bear populations is critical for effective polar bear management. In Nunavut, sustainable polar
bears harvest quotas are established using both Inuit Qaujimajatugangit (Inuit traditional
knowledge) and Western scientific information (Government of Nunavut 2019). Under the
Nunavut Land Claims Agreement, Inuit play an active role in polar bear co-management. Nunavut
Inuit have accumulated a vast knowledge about polar bears through extensive observation of their
environment and harvesting activities.

The Inuit Qaujimajatugangit study on the health of the Davis Strait polar bear population was a
collaborative research project between the Government of Canada (Environment and Climate
Change Canada and Polar Knowledge Canada), the Government of Nunavut (Government of
Nunavut, Department of Environment), and local Hunters and Trappers Organizations (HTOs)
from the communities of Pangnirtung, Kimmirut and Igaluit in the Qikigtani region of Nunavut.

This project aimed at gathering Inuit Qaujimajatugangit on the health of polar bears around the
communities of Kimmirut, Pangnirtung and Igaluit to support management decisions and
strategies for the Davis Strait polar bear subpopulation. The communities of Kimmirut,
Pangnirtung and Igaluit are the three Nunavut communities located within or near the boundaries
of the Davis Strait polar bear subpopulation and management unit and, as such, have assigned
harvesting quotas for that specific subpopulation (Figure 1).

Specific project objectives were:

(1) to gather and document Inuit Qaujimajatugangit from Nunavut Inuit on polar bear
health, abundance and distribution for the Davis Strait polar bear population to support
decision-making and co-management;

(2) to compare, contrast and weave together Inuit Qaujimajatugangit and Western
scientific knowledge available for the Davis Strait polar bear population and discuss
implications for polar bear research, monitoring, and co-management; and

(3) to enhance community capacity for polar bear and wildlife research and monitoring in
Nunavut.

As part of this study, Inuit Qaujimajatugangit related to polar bear cultural importance, ecology,
and management were documented through a series of individual and group interviews with
35 polar bear experts from Pangnirtung and Kimmirut.

The purpose of this report to communities and project partners is to summarize the knowledge
that was shared by Inuit project contributors during interviews, and discuss implications for
ongoing and future polar bear research, monitoring and co-management. We hope that this report
can contribute to sharing the extensive and holistic knowledge held by Nunavummiut about polar
bears and, in doing so, honour the unique relationship between Inuit and polar bears. Through
this work, we wish to support the meaningful inclusion of Inuit Qaujimajatugangit in polar bear
research, monitoring and co-management.
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METHODS

Inuit Qaujimajatugangit

In Nunavut, Inuit traditional knowledge is referred to as Inuit Qaujimajatugangit (1Q). IQ reflects
Inuit extensive knowledge and experience passed from generation to generation (Wenzel 2004;
Tester and Irnig 2008). It incorporates cultural values, practices, ethics, and worldviews, and has
been recognized in co-management: “[IQ] is an ethical framework and detailed plan for having a
good life. It is a way of thinking, connecting all aspects of life in a coherent way” (Karetak et al.
2017:3). 1Q can be defined as “the Inuit way of doing things, and includes the past, present and
future knowledge of Inuit society” (Tester and Irnig 2008:49). 1Q includes ethical principles
(maligarjuat; literally “big things that must be followed”). The four main maligarjuat are: (1) working
for the common good; (2) living in respectful relationships with every person and thing that one
encounters; (3) maintaining harmony and balance; and (4) planning and preparing for the future
(Karetak et al. 2017:3).

In this report, we employ the term Inuit Qaujimajatugangit to refer to Inuit knowledge and
perspectives documented through this project, as well as to the principles that guided the research
process.

Project team and approach

Our project team included: researchers from Environment and Climate Change Canada (ECCC),
Polar Knowledge Canada (POLAR), and the Government of Nunavut (GN); community
researchers from Kimmirut and Pangnirtung; HTO managers and board members from
Pangnirtung and Kimmirut; and a consultant (see Appendix 2 for list of team members).

We employed a community-based participatory research approach to document Inuit
Qaujimajatugangit on polar bear health and management (Grimwood et al. 2012; Tomaselli et al.
2018). In this study, polar bear health was considered broadly and holistically at the individual,
population and ecosystem levels (Patyk et al. 2015). We viewed polar bear health as resulting
from interacting biological, social and environmental determinants that promote and maintain
health as a capacity to cope with change over time (Stephen 2014). We therefore assessed polar
bear health considering multiple parameters, such as population trends and demographics, body
condition, behaviour, habitat condition, prey availability, in addition to mortality and disease.

Our project comprised four main phases (Figure 2). Throughout the research process, progress
meetings between researchers and board members and managers of the Mayukalik (Kimmirut),
Pangnirtung and Amarok (lgaluit) HTOs were organized to establish project objectives and
direction, share project updates, and ensure project co-development among partners.
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Figure 2. Schematic of project phases and associated timeline.

Project planning

This project was initiated in fall 2016 when Markus Dyck (polar bear biologist, GN) met with HTO
board members and managers in Kimmirut, Pangnirtung and lgaluit to assess interest in this
project and ask for HTO advice and support. Following these community visits, the Mayukalik
(Kimmirut), Pangnirtung and Amarok (lgaluit) HTOs all expressed their formal support to this
study. In collaboration with project partners, Dominique Henri (researcher, ECCC), Matilde
Tomaselli (researcher, POLAR) and Markus Dyck then proceeded to secure funding required to
conduct the project.

In 2018, researchers worked together with the HTOs to establish project objectives and outline
the role of the HTOs in implementing research and supporting activities taking place in
communities. In November 2018, our project team conducted a second round of community visits
(led by Matilde Tomaselli) to incorporate HTO guidance and feedback into project planning and
design. Both the Pangnirtung HTO and the Mayukalik HTO agreed to organize interviews with
polar bear experts in Pangnirtung and Kimmirut, respectively; the Amarok HTO requested more
time to formalize their participation in the project. A draft interview guide was provided to the HTOs
and input from HTO board members was incorporated to produce a final interview guide.

In April 2019, a follow-up meeting was organized between Matilde Tomaselli and the Amarok
HTO to discuss project implementation in Igaluit. At the time, the HTO could not provide a definite
response about its participation in organizing interviews. In early 2020, due to time and logistical
constraints, researchers from the project team decided not to conduct interviews in Igaluit for the
time being and to keep the Amarok HTO informed about research results and progress given that
the HTO had initially supported the project in 2016.

Gathering Inuit Qaujimajatugangit

Between March and December 2019, individual and group interviews were conducted in Kimmirut
and Pangnirtung with a total of 35 Inuit participants identified as local ‘polar bear experts’; that is,
persons recognized by their peers as knowledgeable about polar bears (Ferguson and Messier
1997).

Individual interviews were designed to gather a vast range of knowledge and observations on
polar bears that spanned from their cultural importance to human-polar bear interactions, historic
and contemporary observations related to polar bear health, and finally community concerns and
management considerations. Individual interviews were followed by group interviews that were
designed to validate and refine the information previously documented through individual
interviews. Group interviews also aimed to collect additional quantitative information on polar bear
health using targeted participatory exercises.



Polar bear experts interviewed included local residents who had experience harvesting polar
bears (generally men), processing and cleaning polar bear hides (generally women), or otherwise
significant experience on the land (e.g., park wardens, outfitters, harvesters, soapstone miners).
Interview contributors included 21 Kimmirutmiut (seven women and 14 men) and
14 Pangnirtungmiut (four women and ten men) ranging in age from their early 40s to early 80s
(see Appendix 1 for biographies). Eleven Elders were interviewed in Kimmirut and 13 in
Pangnirtung.

In each community, polar bear experts were identified by the local HTO and community
researchers (purposeful sampling) and by asking interview contributors to recommend other
potential participants (snowball sampling; Patton 2005). We stopped recruiting participants when
no new information was documented following a thematic saturation approach (Saunders et al.
2018).

All interviews were conducted by Matilde Tomaselli and facilitated by community researchers:
Naomi Akavak and Pudloo Pitsiulak in Kimmirut; and Rosemary Kanayuk and Doreen Kanayuk
in Pangnirtung. Matilde Tomaselli provided informal training to community researchers on
gualitative research methods prior to performing interviews and throughout the process.
Community researchers offered guidance on how to conduct research in their community.

Prior to interviews, we used invitation letters to explain project scope to participants. All
contributors provided their consent to be interviewed, and specified how they wanted their
information to be used and shared (see Appendix 3 for invitation letter and consent form).
Participants who agreed to be interviewed could choose to remain anonymous; they could also
decide if they wanted their information archived in the community for future use (heritage,
education or research purposes).

All interviews were conducted in participants’ language of choice (Inuktitut or English). Community
researchers were present during all interviews to translate on an as-needed basis. Interview
contributors were remunerated for their time at a rate set by the HTOs. Interviews lasted on
average 2.5 hours. In Pangnirtung, all interviews were conducted at the HTO. In Kimmirut,
interviews scheduled outside regular working hours were performed at the Mayukalik HTO; they
were otherwise carried out in rooms made available by the Qaqqalik School.

Interviews were conducted in two stages. First, individual interviews were carried in Kimmirut and
Pangnirtung in March and April 2019. Then, group interviews were conducted in Kimmirut only in
November and December 2019. Our project team had planned to conduct group interviews in
Pangnirtung in March 2020. Unfortunately, these group interviews had to be cancelled due to the
COVID-19 pandemic and associated travel restrictions.

Individual interviews

Between March and April 2019, individual interviews were conducted in Kimmirut and Pangnirtung
with a total of 27 Inuit polar bear experts; 13 contributors were interviewed in Kimmirut and 14 in
Pangnirtung.

Individual interviews followed a semi-directed format, allowing for open and flexible conversations
(Huntington 1998). During interviews, an interview guide comprising 44 questions was employed
to support discussions (see Appendix 4). Community researchers translated the interview guide
into the local Inuktitut dialect and worked to clarify questions and concepts as needed during
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interviews. Interview questions were piloted once and jointly revised by Matilde Tomaselli and
community researchers to improve clarity (Agee 2009).

We customized interviews to capitalize on the experience of participants who could add or skip
topics depending on their expertise. General themes discussed included: (1) participant life
history and land use; (2) experience with polar bear hunting, butchering and/or hide processing;
(3) knowledge related to polar bear ecology and health; (4) perspectives on polar bear
management and stewardship; and (5) concerns about polar bears. Under the polar bear ecology
and health theme, we discussed topics that allowed a comprehensive exploration of polar bear
health from an Inuit Qaujimajatugangit perspective, including: polar bear distribution and
abundance (historic and contemporary), cub productivity and survival, body condition (fatness),
disease and mortality events, behaviour, diet, denning, habitat, as well as changes observed over
time. Indicators employed by Inuit polar bear experts to assess polar bear health were also
specifically discussed. Interviews were audio recorded with permission, and biogeographical
information was collected on topographic maps using mapping conventions described in Tobias
(2009). Maps were also used to determine the geographic range of direct observations of each
contributor (such range comprised the areas and routes that contributors had regularly traveled
through over their lifetime), as well as to support and contextualize their narratives by representing
relevant observations spatially (e.g., polar bear distribution, sightings of dens, sightings of sick
polar bears).

Group interviews

Group interviews were organized after we completed a preliminary analysis of individual
interviews (see ‘Analysis and validation’ section below). Group interviews were conducted in
Kimmirutin November and December 2019. A total of 15 participants took part in these interviews,
including seven contributors who had been previously interviewed individually and eight new
project participants. New participants were included in group interviews as a way to increase the
guality and validity of our results. We divided participants into four different groups based on their
age, level and type of experience with polar bears, and hunting area of preference when
applicable. We also took into account whether each participant was comfortable to share their
knowledge with other selected contributors and accommodated participant requests in this regard.
Three groups were composed of polar bear hunters (men) and one group included women
specialized in polar bear hide processing and cleaning. In some cases, groups met during multiple
sessions over a two-week period in order to cover the full extent of the interview.

The objective of group interviews were twofold: (1) validate and further refine information
summarized from individual interviews; and (2) gather quantitative information on polar bear
relative abundance, distribution, demography, diet, health status and body condition (fatness).
Group interviews were designed to capitalize on the specific expertise of participants. For
example, women specialized in polar bear hide processing and cleaning were asked questions
that allowed to share their extensive experience with polar bear hides; while polar bear hunters
were asked questions that relied on their direct observations of polar bears on the land. Moreover,
participatory exercises were designed using specific timescales and categories (e.g., when
exploring demography and body condition status) informed by the scientific data available for the
Davis Strait polar bear subpopulation so as to maximize complementarity and comparability of
the quantitative information generated though this study.

Matilde Tomaselli led group interviews in Kimmirut with the assistance of Dominique Henri and
community researchers (Naomi Akavak and Pudloo Pitsiulak). Group interview discussions were
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guided by the use of a number of visual and interactive participatory exercises, including:
mapping, temporal line, drawing, proportional piling and their combination (see Appendix 5 for
more information about participatory exercises). These exercises were developed by adapting
methods described by Tomaselli and colleagues (2018) and Mariner and Paskin (2000). Notes
and pictures were taken with permission during group discussions.

Table 1. Themes discussed and associated participatory exercises employed during group interviews
conducted in Kimmirut.

Themes Associated participatory exercises

Participants’ range of direct Mapping exercises

observations and travel intensity

Polar bear relative distribution Proportional piling & mapping exercises

Polar bear relative abundance Proportional piling, drawing & temporal line exercises
Seal relative abundance Proportional piling, drawing & temporal line exercises
Pola_r blear cub productivity and Proportional piling exercises with visual cues

surviva

Polar bear body condition (fathess)  Proportional piling exercises with visual cues

Polar bear general health Proportional piling exercises

Polar bear diet Proportional piling exercises & seasonal calendar with visual cues

Analysis and validation

Upon individual interview completion in Pangnirtung and Kimmirut, Matilde Tomaselli, Pamela
Wong (consultant, Trailmark Systems) and Dominique Henri selectively transcribed audio
recordings and produced a detailed interview summary for each interview. Summaries covered
all themes discussed and included representative quotes. Interview summaries were initially
coded and analyzed independently by both Matilde Tomaselli and Dominique Henri. Dominique
Henri finalized the coding of interview summaries using NVivo Pro 11 (Version 11, 2012) and
completed their analysis using thematic content analysis (Creswell 2009).

Matilde Tomaselli analyzed group interview results based on field notes and the outcome of each
exercise performed. Quantitative information generated during group interviews was analyzed
using Excel. Descriptive statistics (i.e., means and value ranges, specifying minimum and
maximum values) were used to summarize quantitative information.

The softwares QGis 10.2 and ArcGis 10.2 were used to transpose, visualize and analyze
georeferenced information gathered during individual and group interviews. Heath maps
representing travel intensity of contributors within their range of direct observations (Figure 7) and
the distribution of polar bears (Figure 13) were generated using the kernel density estimation
method.

Validation of preliminary results

In Pangnirtung and Kimmirut, preliminary results were reported to all study participants for
validation. From September to December 2021, community researchers and HTO managers from
Pangnirtung and Kimmirut led results validation in their respective community. Government
researchers were unable to travel to communities in person to validate preliminary results due to
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the COVID-19 pandemic and associated travel restrictions. In both communities, a draft project
report (available in both English and Inuktitut) was shared with all available interview contributors,
as well as with HTO board members. Contributors were specifically invited to review and approve
the quotes presented in this report. In Kimmirut, 15 out of 21 project contributors participated to
results validation. In Pangnirtung, all 14 contributors were involved. Feedback and comments
received were addressed and incorporated into our final analyses.

Limitations

Some potential limitations applicable to this study should be acknowledged. First, the information
collected through interviews represented a partial sample of all knowledge held about polar bears
in Pangnirtung and Kimmirut. In addition, responses received during interviews might have been
influenced by the level of familiarity of the interviewer with the local culture, the personality and
gender of the interviewer, the lack of recall of specific factual information by interviewees, and
some loss of information through the translation process. However, we felt that having community
researchers facilitate interviews contributed to making interviewees feel comfortable sharing their
knowledge, and ensured that interviews were conducted in a culturally appropriate manner
following local protocols.

Ensuring quality and reliability of results

Over the course of this study, we implemented various strategies to ensure that our results were
robust and trustworthy. Given that Inuit observations and perceptions are rooted in and directly
influenced by land use over time, we ensured to capitalize on the experience and knowledge of
contributors by conducting detailed individual life histories and mapping of land use over time and
space, and adjusting our interview questions and methods accordingly. Additionally, we relied on
‘triangulation’ which is a process of verification that increases validity by incorporating several
viewpoints and methods (Yeasmin and Rahman 2012). We implemented several triangulation
techniques to increase the quality and reliability of our analyses. For example, the robustness of
our findings was increased by adding new participants at the group interview stage and by
combining individual and group interviews results on similar themes. We also produced detailed
interview summaries that were independently analyzed by two researchers to increase the
reliability of our interpretations. In addition, we consulted polar bear harvest data from Kimmirut
and Pangnirtung available from the Government of Nunavut, as well as documentation available
at local HTOs and from local Conservation Officers for additional context in which to ground our
analyses. Lastly, the validation of preliminary and final results by interview contributors and HTO
board members was key to ensure that our analyses were robust and reliable.

Results sharing

Our project team ensured that Inuit Qaujimajatugangit documented through this project was
shared back to participating communities. Prior to public release, this report was shared with all
project partners and interview contributors. In Pangnirtung and Kimmirut, community researchers
and HTO managers led report distribution and dissemination of project results in their respective
community. In Igaluit, researchers shared this report with the Amarok HTO.

School engagement

This project was presented in local high schools as a way to foster intergenerational knowledge
sharing and enhance community engagement in polar bear research. In Kimmirut, community
researcher Pudloo Pitsiulak, Elder Eliyah Padlug and researcher Matilde Tomaselli co-presented
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the project to a group of high school students from the Qaqqgalik School. In Pangnirtung,
Rosemary Kanayuk and Doreen Kanayuk presented the project at the Attagoyuk High School.
Rosemary and Doreen Kanayuk had both graduated from the Attagoyuk High School and were
encouraged to elaborate on what it meant for them to be part of this project and what they learned
throughout the process.

Ethics

This study was performed under the Social Research License N 01 028 18 issued by the Nunavut
Innovation and Research Institute. It followed ethical guidelines for working with Inuit communities
(ITK 2018; ITK and NRI 2007; Owlijoot 2008), as well as guidelines from the Canadian Institutes
of Health Research, the Natural Sciences and Engineering Research Council of Canada and the
Social Sciences and Humanities Research Council of Canada for conducting research involving
Indigenous peoples in Canada (2018).

Project partners established a research agreement outlining how project data would be stored,
accessed and archived according to the Ownership, Control, Access and Possession (OCAP®)
principles which support Indigenous data sovereignty (First Nation Information Governance
Centre 2014). OCAP® is a registered trademark of the First Nations Information Governance
Centre (www.FNIGC.ca/OCAP). All project data were archived at the Pangnirtung and Mayukalik
HTOs and can be accessed with permission by third parties for non-commercial purposes. Should
any person or organization wish to access archived project data, they must first provide written
justification to the Mayukalik and Pangnirtung HTOs, receive their approval, and agree to terms
of use outlined by the HTOs.







COMMUNITY CONTEXT

Kimmirut

Kimmirut (62°53’'N; 69°53'W) is located on Baffin Island’s Meta Incognita on the northern shore
of the Hudson Strait in the Qikigtaaluk region of Nunavut (Figure 1). Kimmirut (formerly known as
Lake Harbour) means “heel”’, and refers to a rocky outcrop across the harbour from the
community. Archeological evidence shows that the vicinity of Kimmirut has been a site for human
settlement for over 4,000 years. Since establishment of a whaling station in 1900, there has been
continuous occupation of the community site. By 1909, the Anglican Church had set up a mission
in the community. A Hudson Bay Company trading post was established in 1911, followed by a
Royal Canadian Mounted Police (RCMP) detachment in 1927 (CNWTEDA, n.d.). Between the
1940s and the 1960s, the federal government began supplying healthcare and establishing a
schooling and administrative presence, encouraging families living in camps to move into the
community. Settlement of Inuit from surrounding camp locations intensified in the late 1960s
following an epidemic that killed most of the dog population. As of 2016, Kimmirut population was
389 (93% Inuit; Statistics Canada 2017a). Today, Kimmirutmiut maintain a lifestyle connected to
the seasonal harvest of wildlife. Carving, outfitting and guiding through the nearby Katinnilik
Territorial Park also provide a significant contribution to the local economy.

Wildlife harvesting

Based on interviews with Kimmirut residents and discussions with community researchers and
HTO board members and manager, we constructed a calendar of seasonal harvesting activities
in which Kimmirutmiut engaged in throughout the year (Figure 3). This calendar provides further
context to understand the type of harvesting activities undertaken in the community and the
wildlife present around Kimmirut.
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Figure 3. Seasonal harvesting activities in Kimmirut. Overview of harvesting activities that Kimmirutmiut
engage in throughout the year and typical modes of transportations used seasonally. Four diagonal grey
lines are used to identify usual sea ice break up and freeze up times in early spring and fall, respectively.

Polar bear harvesting

In Nunavut, polar bear harvest is subjected to a quota system (Government of Nunavut 2019).
Local HTOs are responsible for establishing the timing and duration of the polar bear hunting
season in each community®. In Kimmirut, polar bears from both the Davis Strait (DS) and the Foxe
Basin (FB) subpopulations and management units are harvested (harvest quotas for 2018/2019
were nine polar bears for DS and 13 for FB; Figure 1). Generally, the polar bear hunting season
opens in October each year and ends the following June. Polar bears are most commonly
harvested between mid-February to mid-April (see thicker blue line on Figure 3) when fur quality

9 As per the Nunavut Wildlife Act (Government of Nunavut 2003), the polar bear harvest season in Nunavut
is year-round (July 1-June 30) and local HTOs are responsible for establishing seasonal limitations for their

respective communities.
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is at its best and chances to harvest a large polar bear are greater. This time of year coincides
with the ringed seal pupping season when polar bears hunt seal pups in their birth lairs.

In the past several years, the decreased economic value of polar bears hides has been a strong
disincentive to hunt polar bears in Kimmirut. The last time the polar bear quota was fully used in
this community was in 2013-2014. Since then, annual harvesting quotas have not been fully used
and unused tags resulted in harvest credits. As of November 2019, Kimmirut had a total of
24 harvest credits for polar bears accumulated since 2013 (Kimmirut Conservation Officer,
personal communication).

Pangnirtung

Pangnirtung (66°7’N, 65°55’'W) is located on the Cumberland Peninsula on the southeastern
shore of Pangnirtung Fjord and off the northeastern end of Cumberland Sound in the Qikigtaaluk
region of Nunavut (Figure 1). Community name derives from the Inuktitut word pannigtuuq
(meaning ‘place of the bull caribou’) (Harper 2004).

Cumberland Sound has been home to Inuit for over 1,000 years, with seals, walrus, beluga
whales, and bowhead whales frequenting the waters. Organized whaling activities have taken
place in the area since 1818 (Laidler et al. 2008). A Hudson Bay Company (HBC) trading post
was opened in Pangnirtung in 1921, followed shortly by a detachment of the Royal Canadian
Mounted Police (Kemp 1976). From the mid-1950s to the early 1960s, the federal government
began establishing a schooling and administrative presence, encouraging families in outlying
camps to move into the community (Harper 2004). Currently with a population of approximately
1,481 (94% Inuit) (Statistics Canada 2017b), Pangnirtung is known for its commercial turbot
fishery, the nearby Auyuittug National Park and its unique weaving artistry (Laidler et al. 2008).
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Wildlife harvesting

Based on interviews with Pangnirtung residents and discussions with community researchers and
HTO board members, we constructed a calendar of seasonal harvesting activities in which
Pangnirtungmiut engaged in throughout the year (Figure 4).
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Figure 4. Seasonal harvesting activities in Pangnirtung. Overview of harvesting activities that
Pangnirtungmiut engage in throughout the year and typical modes of transportations used seasonally. Four
diagonal grey lines are used to identify usual sea ice break up and freeze up times in early spring and fall,
respectively.

Polar bear harvesting

In Pangnirtung, polar bears from the Davis Strait subpopulation and management unity are
harvested (harvest quota for 2018/2019 was 16 polar bears). The polar bear hunting season
opens in January each year (timing may vary depending on sea ice conditions) and ends when
all polar bear tags have been fully used, which generally happens by April.
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RESULTS AND DISCUSSION

We summarized below the knowledge that was shared by 35 Inuit polar bear experts from
Kimmirut and Pangnirtung over the course of individual and groups interviews. Contributors
shared diverse perspectives about the cultural importance of polar bears, polar bear ecology and
health, and polar bear management.

Representative quotes from contributors are provided for each theme that was discussed during
interviews. Some quotes were anonymized to reflect participant wishes. For certain themes, we
indicated how many contributors made similar comments on a given topic (n). However, because
interviews were semi-directed, not all themes were discussed by all participants. Therefore, failure
to discuss a theme did not necessarily imply lack of agreement with and/or knowledge of the
subject. With this consideration, numbers of interviewees reported below represent minimum
numbers of individuals who shared similar views on specific topics. We also highlighted areas
where contributors shared different views.

Interview results from Kimmirut and Pangnirtung are presented together, except when the
knowledge shared was specific to a community. In these cases, perspectives from each
community are presented separately. A glossary of Inuktitut polar bear terms is presented in
Appendix 6.

Polar bear cultural importance, uses and practices

General importance

Interview contributors described their past and ongoing relationships with polar bears and shared
a strong sense of the importance of polar bears to Inuit culture, identity and traditions, and their
persistence for future generations. They also highlighted the economic importance of polar bears
through the selling of hides. Participants explained that nanuq is a mighty and majestic animal.
Polar bears are top predators that may be both respected and feared.

“Polar bears are very important to us, because they’re living with us...on this land of
Nunavut and Baffin Island.” (Meeka Alivaktuk, Pangnirtung)

“Polar bears are very important...This is the land of the polar bears. They are on top of
the food chain, their meat is very good, their hide is worth money and it helps pay for food
and other things.” (Anonymous 02, Kimmirut)

“Polar bears are important to us because all the animals are very important to us. Polar
bears provide us with meat and food, and it has been this way through all my life.” (Eliyah
Padluqg, Kimmirut)

“Polar bears are important to me. They are important for the future generations and they
should be around for our young children.” (Geetee Maniapik, Pangnirtung)

In Pangnirtung and Kimmirut, many participants explained that polar bears are intelligent and
resilient animals that respond to how humans interact with and talk about them. Some patrticipants
highlighted that bears are “much like humans” and that they must be approached and talked about
with respect.
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“Polar bears live like humans and think like humans. They are very important to me
because they are like humans.” (Itee Temela, Kimmirut)

“I have a lot of respect for polar bears. | dont like to talk about polar bears...We have to
be really respectful to them.” (Meeka Alivaktuk, Pangnirtung)

“l was told that we should not ask to see a polar bear because they are near and they hear
you and they might just show up when they are least expecting this. This has always been
our tradition...l used to take tourists down to my cabin, and one time two tourists kept
saying: “l want to see polar bears, | want to see polar bears.” And my son kept telling them:
“Don't say this. It is our tradition not to ask to see a polar bear because they are always
around the corner when you are least expecting them.” So one of them said: “I don't
believe in that. | still want to see a polar bear.” And then during the night two polar bears
got to our cabin and they got so close to these tourists that they didnt want to see a polar
bear ever again. Those two tourists learned their lesson.” (Eliyah Padlug, Kimmirut)

“Polar bears are very mighty and they could do anything...they could be vicious to
humans, and because we are talking about them they are listening. | know this from long
ago. | was told that they could listen. Just by mentioning them, they know that they are
being talked about. | have learned this from the Elders.” (Joe Arlooktoo, Kimmirut)

Some contributors explained that Inuit Qaujimajatugangit emphasizes the importance of
harvesting only what one needs, not playing with bears, and avoiding to waste polar bear meat.

“The traditional knowledge passed down to me from my family and Elders is dont overkill,
dont leave the meat, dont leave anything and don’t waste.” (Isaac Temela, Kimmirut)

“l was always told that theyre animals and that you cannot play with [polar bears], theyre
very important.” (Leopa Akpalialuk, Pangnirtung)

In Pangnirtung and Kimmirut, stories about polar bears have been passed down through
generations.

“There was a man who was not a very good hunter and could not catch seals. He was
eating the catch of other and he was always left with the smallest pieces. Once he got
back to his camp with a small piece of seal and he saw a polar bear. The polar bear had
a seal and a rabbit and he offered his catch to the man. From that moment onwards the
man became a skillful hunter...This story was passed down from my grandfather.”
(Lazarusie Ishulutag, Pangnirtung)

“l heard an old story that somebody used to have a pet polar bear, they had killed the
mother and kept the small pups. It is an old story but | believe it! The human raised the
cub that turned into [an adult] polar bear.” (Isaac Temela, Kimmirut)

Finally, stories shared by participants from Kimmirut and Pangnirtung emphasized the symbolic
importance of polar bears. Some commented on how hunting a first polar bear —the top predator
of the Arctic— marked passage from youth to adulthood for a young Inuk man and hunter (see
also ‘Polar bear harvesting’ section).
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Polar bear uses
In the past, polar bear meat and fat were shared among families and used as food for sled dogs.

“Back then, [Inuit] used their knowledge like ill [the bear] once you see it’ because food
was very important. Everyone was very happy when someone caught a polar bear
because that meant that everyone had food and the food was going to last.”
(Lazarusie Ishulutag, Pangnirtung)

“Back then we would harvest a bear, nothing was wasted, all the meat was harvested
except the intestines...Back then the hide was divided amongst the hunters who
participated in the hunt...The organs were given to the dogs and if the bear was fat, the
fat itself was used to light the qulliq [oil lamp] to provide heat.” (Eliyah Padluq, Kimmirut)

“My father had his share of catch of
polar bear hide. The hide was divided
into seven parts.”

— Joannie Ikkidluak, Kimmirut

Figure 5. In the past, Inuit hunters would divide
the polar bear hide into parts. The hide was
shared among the hunters who participated in the
hunt. Drawing by Joannie Ikkidluak (shared with
permission).

Traditionally, polar bear hides were divided into parts and shared among the group of hunters
who patrticipated in the hunt (Figure 5). In the past, hides were used for clothing, as mattresses
and for trade. One contributor from Kimmirut explained that polar bear hides were also used to
smooth off gamuitiik [sled] runners.

“[My grandparents] used [the hides] for mattresses or cover...And trade with Hudson Bay
for supplies, trade the pelt with supplies like flour.” (Geetee Maniapik, Pangnirtung)

“Even a small portion of the skin would be useful in the old days. It would be used on the
gamutiik runners...People would collect moss and soil and when it was cold out they would
use water to mix it altogether and put it on the runners of the gamutiik. Then they would
let [the mixture] freeze on the runner. They would use their knife to smooth it out and finally
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take a piece of the polar bear skin [to smooth the surface]. They would have water in their
mouth because in the winter the water would freeze, they would spit the water on the fur
and use it to smooth the runners. | have seen it and done it before.” (Iltee Temela,
Kimmirut)

In Pangnirtung and Kimmirut, polar bears contribute still to this day to sustain local food security,
traditional lifestyle, and the local cash economy. Polar bears are harvested today mainly for their
meat and hide. Polar bears are a source of country food that is shared among community
members. Contributors explained that polar bear meat should not be wasted and highlighted the
importance of sharing meat with relatives and community members. Participants highlighted that
polar bears hides can be sold but also used for clothing (for pants or kamiit [boots]) and as
mattresses or blankets mainly utilized when camping. In both communities, polar bear skulls,
carvings and jewelry (made of polar bear teeth and claws) are sometimes sold.

“Some people go on the radio and say: “There’s polar bear meat, you can pick it up!” and
people go up there. And the meat is gone within an hour or so...The more fat it has, the
more people want it. So the whole meat is brought home and it’s gone.” (Davidee Nowyuk,
Pangnirtung)

“[In the past], if someone got a polar bear they would divide the hide and would share the
meat with the community. Nowadays they dont divide the hides anymore but the meat is
still really shared. | still have some meat that was given to me by other families.” (Jeannie
Padluqg, Kimmirut)

“It is important to keep the polar bears forever for food security.” (Johnny Mike,
Pangnirtung)

“The fur provides everyday income and [is also] used for clothing for the cold weather.
People sell the fur when they need some income and they have no other means of getting
it.” (Anonymous 01, Kimmirut)

“We like using the skins for clothing like pants...My parents have always had a polar bear
skin that they use for under their mattresses, when they’re out camping.” (Anonymous 04,
Pangnirtung)

“[Polar bear hides can be used] as a mattress. The fur part on the floor because it doesnt
get wet on top...Fox furs when they get wet, it takes a while for them to dry but polar bear
hide it’s nothing like it.” (Leesee-Mary Kakee, Pangnirtung)

“The teeth are used to make crafts nowadays by younger generations, those who are
carvers, and the claws are also useful.” (Itee Temela, Kimmirut)

Some participants reported that the meat of polar bears that were tranquillized, that are too skinny,
or that visited the dump is not always eaten.

“Now, researchers put them to sleep [tranquillize polar bears] and study the polar bear.

People sometimes are scared because the bears they harvest might have been the ones
that were tested on. People are scared to eat it.” (Lazarusie Ishulutaq, Pangnirtung)
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“I would not harvest one or let people eat a bear that has a tag [which means] it has been
tranquillized. If | catch a bear with a tag, | would not distribute the meat. | would just
probably give it to the dogs or throw it away because it has been tranquillized and | am
not sure what has been done to it.” (Ejetsiak Padluq, Kimmirut)

“If the carcass of the bear looks good to eat we won't waste it. We will use the meat as a
meal as long as it’s not skinny, if it’s healthy enough.” (Itee Temela, Kimmirut)

“When polar bears go to the dump, people don't want to eat their meat.” (Eliyah Padluq,
Kimmirut)

In both Kimmirut and Pangnirtung, polar bears have been for decades and continue to be today
a source of income through the selling of hides. Contributors explained that selling polar bear
hides was a strong motivation to hunt polar bears especially in the 1980s and 1990s when polar
bear hides were in high demand and consequently their economic value was high. However,
many participants commented that the economic value of polar bear hides has declined in recent
years (especially over the past 10 years) and that hides are now more difficult to sell; some
explained that this situation created a significant disincentive to hunt polar bears.

“Around the 80s and 90s when the Conservation Officers started coming up here is when
the price increased for the hides. Those Conservation Officers had contacts to sell the
hides for auction...the price of the hides would vary based on how big it was and how clean
it was. The condition of the hides were graded and the price was higher if the hide was
bigger and cleaner. The biggest polar bear | ever got was a 13 footer and | sold that for
$10,000.” (Sandy Akavak, Kimmirut)

“In the 1960s and 1970s it was really important to hunt polar bears because we could sell
hides to whoever wanted to buy them and the meat was important to us...now | dont hunt
polar bear anymore but when somebody gets a polar bear they share the meat with
everybody, but polar bear hides don't sell very much anymore.” (Jawlie Akavak, Kimmirut)

“I rarely go [polar bear hunting] now because the price for polar bears is not as high as it
used to be...maybe five years ago the price dropped.” (Matiusie Maniapik, Pangnirtung)

In Kimmirut, some contributors explained that fewer community members are experienced with
preparing hides today, and this constitutes a further disincentive to harvest polar bears in addition
to the decreased economic value of polar bear hides. Hide preparation requires a lot of work.

“Lately people have not been really going after bears maybe because there are less ladies
that clean the hides for them because the bear hides are not easy to clean...you have to
be really skilled to clean polar bear hides.” (Joe Arlooktoo, Kimmirut)

“They are not as important to me because the cost of their hides has gone down and |
don’t have a wife that can clean the skins for me.” (Sandy Akavak, Kimmirut)
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Polar bear harvesting

Contributors discussed how polar bears were harvested in the past and how harvesting is done
today. Harvesting preferences and practices provide insight on incentives (and disincentives) for
hunting polar bears and how knowledge of polar bears is acquired.

Prior to the introduction of the quota system in the 1960s, Inuit hunters could harvest any polar
bear at any time of the year, including family groups (female with cubs). Polar bears were most
often hunted opportunistically.

“No matter the time of the year, they used to harvest...because they didnt have any quota
or anything at that time.” (Akeego Killiktee, Kimmirut)

“In the past, we could eat all types of polar bears. The biggest male polar bear was more
food for the dogs and the female or the cubs were more delicious.” (Leesee-Mary Kakee,
Pangnirtung)

In Pangnirtung, harvesting denning females in the winter was reported as a traditional practice
carried out up until approximately the 1960s, especially in denning sites located on the
Cumberland Peninsula. In Kimmirut, contributors had not directly experienced or were not aware
about the practice of harvesting denning females in the Kimmirut area and a few participants
reported that they were taught not to hunt bears in dens. However, one Elder recalled his father
telling him stories of hunters harvesting denning females.

“My father shot a mother [polar bear] when he was approaching the den. And then my
father told me to go inside the den. With the rifle | shot the one year old cub. So that was
my first polar bear.” (Simeonie Keenainak, Pangnirtung)

In the past, polar bears were hunted by dog teams.

“My mother used to tell me that her father would not use a rifle to hunt a polar bear, but
only a harpoon. That was his way of hunting polar bears at that time...At that time they
had dogs with them and [dogs] were part of their hunting method for polar bears.”
(Joe Arlooktoo, Kimmirut)

“Men used to [cover themselves with a polar bear hide]...and then they went to their
dogs...The dogs used to bark a lot when [the men] covered themselves in polar bear hide
pretending to be a polar bear to train [their dogs] to know what to do if they encountered
a polar bear.” (Michael Kisa, Pangnirtung)

The establishment of harvesting quotas in the 1960s and the development of a cash economy
associated with the selling of polar bear hides has contributed to significant changes in polar bear
harvesting practices in both Pangnirtung and Kimmirut. Harvesting polar bears transitioned from
being sporadic and mainly opportunistic to being seasonal and sex-selective. Harvesting quotas
today limit the number of bears that can be harvested. Sex-selective harvest regulations!® have

10 1n Nunavut, the polar bear harvest sex ratio was adjusted in 2019 from two males harvested for every
female (2:1) to up to one female for every male (up to 1:1) —male and female polar bears can now be
harvested in any proportion up to a maximum of 50% females (Government of Nunavut 2019). Interviews
were conducted before this change was implemented.
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also encouraged the harvesting of big adult males or angujuag. Participants also explained that
the traditional practices of hunting denning females or family groups are not in use anymore.

“When we see one [polar bear] that is when the hunt starts. We go after it once we see
one. | observe if it is a female or a male first, | observe the gender if we were going to go
ahead with the kill...I try to harvest only the males. | stay away from harvesting females.”
(Ejetsiak Padluqg, Kimmirut)

“Back in the day, not very many young people would go hunting for polar bears. But today,
anybody is out hunting with their kids or young hunters who are learning how to kill a polar
bear.” (Abraham Keenainak, Pangnirtung)

“Today, there are more bears and faster machines and better rifles. The two things
combined [make polar bear hunting easier nowadays]. Better equipment and more bears.”
(David Kooneeliusie, Pangnirtung)

Today, hunters harvest polar bears using snowmaobiles, except for guided sport hunts which are
done exclusively by dog teams. Polar bear hunting is mainly conducted by men, although some
women also engage in polar bear hunts.

“l was the first woman to hunt [polar bears] in this community when they picked names
[using a draw system after the quotas were implemented]...My name was picked, so | had
tfo go in February, it was the coldest month of the year.” (Meeka Alivaktuk, Pangnirtung)

In addition to providing a source of income, sport hunting allows Inuit to maintain strong
connections with the land and Inuit traditional ways of life.

“I am the only one with a dog team in town right now and polar bear sport hunts have to
be done by dog team. When | get the chance, | try to go on a hunt. It helps me and the
community with much needed wages [as | have other people coming along]...If you hunt
bears by dog team it is very fulfilling. You can hear the dogs make a call or cry and no
other time they will do [the same]: the sound is different.” (Anonymous 02, Kimmirut)

Polar bear hunters from both communities reported that the months of March and April are best
for harvesting bears because it allows obtaining hides of greater economic value. At this time of
year, polar bear fur quality is at its best (longer, thicker) and there are increased chances of
harvesting large polar bears (angujuag and tulajuituq) as male bears come to the stable ice to
hunt seals pups and find a mate.

“This time of the year [spring] is the best, especially for their fur...It’s mating season too. If
you want to get a big one, this time is the best to find a big male.” (Leopa Akpalialuk,
Pangnirtung)

Contributors from both Kimmirut and Pangnirtung also reported that polar bears have been
harvested in defense of life and property in recent years (see also ‘Impacts of increased polar
bear abundance’ and ‘Polar bear distribution near communities’ sections).
“I had to kill that one [bear] because it was ruining the cabins there. It was a small bear. It
was alone and hungry in the fall.” (Leopa Akpalialuk, Pangnirtung)
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“[l am concerned about] the safety of the town when [bears] came in. When they [my
neighbours] made a defence kill [in 2015-16] is when | realized about the possibility of
them [polar bears] coming into town and | have heard that polar bears are coming in more
into town.” (Anonymous 01, Kimmirut)

Many interview contributors vividly recalled harvesting their first polar bear or accompanying
relatives on a polar bear hunt for the first time. For a young Inuk hunter, hunting a first polar bear
marked passage from youth to adulthood.

“My first polar bear catch was here in the Markham Bay area and | was 16 years old and
it was February. A beautiful day and really cold. It was a 13 and a half [feet] polar bear.”
(Isaac Temela, Kimmirut)

“I was maybe three or four years old. It was early fall. There was a polar bear that was
spotted by our camp...My father wanted to leave me behind when he was going after the
polar bear, but | wanted to go so badly that | cried...We walked towards the polar bear
and my father and | were pretending to be seals and just waited for the polar bear to come.
As the polar bear kept coming, it was going down...ready to attack putting its head up and
down. | was so scared...When the polar bear was reaching us, my father shot it.” (Leesee-
Mary Kakee, Pangnirtung)

Participants from both communities talked about the importance of maintaining polar bear harvest
into the future to preserve Inuit ways of life. Polar bear hunters interviewed explained that
harvesting polar bears is an important activity that connects Inuit to the land.

“You have to be really careful but it is a lot of fun looking for polar bears and catching
them.” (Matiusie Maniapik, Pangnirtung)

“I am hunting a lot because it is calming and it reminds me of the old days.” (Lazarusie
Ishulutaq, Pangnirtung)

Polar bear butchering practices

Contributors from both Pangnirtung and Kimmirut reported that it is a common practice for Inuit
polar bear hunters to butcher polar bears immediately after harvesting before the carcass freezes.
In both communities, polar bear butchering is mainly performed by men. First, harvested polar
bears are skinned; some contributors explained that polar bear paws and sometimes the head
are generally left attached to the skin to be carefully cleaned afterwards by the ‘hide cleaners’
(i.e., women specialized in processing and cleaning polar bear hides). Then, the carcass is
butchered: organs are discarded and the remaining carcass is divided into portions. Polar bear
hunters may also collect tissue samples for polar bear research. Polar bear hide and meat are
brought back to town, while the organs are left on the kill site. The only organ that is thoroughly
inspected is the stomach, which is almost always cut open to check its content. In town, polar
bear meat is shared among community members and the hide is given to hide cleaners to be
thoroughly processed (cleaned, stretched and dried) prior to be sold or used. Polar bears
harvested during sport hunts are processed similarly to bears harvested for subsistence. The
difference is that the hide (and often head) of polar bears harvested through sport hunts is often
exported right away to be processed by taxidermists.
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“We make sure [the polar bear] is dead and it is not playing dead, first of all. Then we cut
it up. It takes at least one hour, one hour and a half to [process the carcass of] a bear.
Then we wrap the hide and put the bear hide in the bag [the sport hunters] provide. Then
we take some of the meat and some of the meat we do not take, and then we go back to
the camp and then back to the community after that, at the earliest possible time, weather
permitting.” (Anonymous 02, Kimmirut)

“We butcher [the polar bear] right away, right after it dies because the carcass freezes
[fast]. | don't check much the organs, except for the stomach. | open it up to observe what
the bear has eaten.” (Ejetsiak Padluq, Kimmirut)

“I check [polar bear stomachs] and what they usually have in their stomach is seal skin
and fat. Sometimes meat. No bones. Hardly. Only when they Te really hungry sometimes
theyl eat the bones. [Polar bears] are similar to us, like, some people are good at hunting,
some are not. Same with polar bears.” (Davidee Nowyuk, Pangnirtung)

“I take everything with me [but] the organs...I leave [those] to the ravens to eat. [But | look
at the stomach and] there is always seal in it.” (Lazarusie Ishulutaq, Pangnirtung)

Polar bear hide processing

In Kimmirut and Pangnirtung, women mainly process polar bear hides. Contributors explained
that preparing polar bear hides is a work intensive process that is often done collaboratively. Polar
bears hides are generally processed soon after butchering. To clean a hide, fat is scrapped off
manually using traditional tools including an ulu [knife] and a saligut [dull knife used to clean the
leftover fat]. Once the hide is cleaned and washed, it is hung, dried and stretched with an inniuti
[rope], onto the innivik [frame].

“Cooking [polar bear meat], cleaning [the hide] and putting it on the drying frame, taking it
off and then whenever we need to turn it into clothing, stretching it out, sewing it: that’s my
responsibility.” (Anonymous 04, Pangnirtung)

“I have never helped with butchering the animals but | was given the task to clean the hide
if a hunter harvested a polar bear. Just clean, stretch and dry and then | would give it
back...When | was younger | used to be able to clean the whole hide in one day but since
| started aging | normally just remove the fat then [work on] the paws and the head parts
the next day. It is a very heavy task. First, you have to remove all the fat so that the skin
will not yellow or smell from the fat. Then when | have removed all the fat | do the head
and the paws which is the hard part of cleaning of the hide. When I finish all of that, | then
remove all the excess fat and water from the fur... We use the woman’s knife, the ulu, to
scrape the fat from the hide, and then there is a tool that is called saligut that is used to
remove the excess fat and water from the fur...Then | would wash the hide and remove
the excess water with the saligut again. When that is finally done we would make holes
and put it out to dry out, after [mending] all the holes. Then you finally leave it out to dry
during the winter. Sometimes we leave it out longer so that the fur would turn whiter.”
(Akeego Killiktee, Kimmirut)

“After | wash [the hide in the washing machine] | usually get my boys to pull the skin with
a skidoo, like get it all covered in snow...so it dries faster. After the washing machine, |
cover [the hide] with snow because the fur dries faster by stepping on the fur. And then |
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have [my boys] pull it on a rope by skidoo on the ice. That way it’s cleaner and it gets all
the oil off of it...[After that I] hang it to get the fur dry and then after, they dry very easily,
they dry quickly...And then we stretch them onto the frame.” (Geetee Maniapik, Kimmirut)

Many contributors specialized in polar bear hide processing explained that polar bear body
condition (fatness) is reflected on how difficult it is to clean a hide. Hides with a lot of fat and those
from bears that were just butchered are generally easier to clean and process.

“[How easy or hard it is to clean a hide] all depends on the quality of the skin —like how
much fat it’s got on it— and it also depends on how it was stored: the sooner you clean it,
the easier it is. So if [the hide] was put in a freezer right away and it was frozen for a long
time, then it’s also hard to clean. But generally, as long as it’s got a fair amount of fat on it
then it’s usually pretty easy to clean.” (Anonymous 04, Kimmirut)

In summary, the role and importance of polar bears in Inuit culture, identity and traditions
highlights Inuit unique relationship to polar bears. This relationship may shape how interview
contributors talk about and share their knowledge about polar bears. Information shared by
contributors on polar bear harvesting, butchering and hide processing practices also sheds light
on how Inuit Qaujimajatugangit is acquired and is crucial to contextualize and understand the
depth of insight interview participants can provide related to polar bear ecology and especially
health.




Polar bear ecology and health

Contributors shared their knowledge of polar bear ecology and health, including their observations
and perspectives on: polar bear abundance and demography; habitat and distribution; diet and
prey availability; body condition and general health; disease, mortality and unusual events;
human-polar bear interactions; and the future of polar bears. Prior to presenting contributors’
knowledge about polar bear ecology and health, we first discuss the temporal depth and
geographic scope of their knowledge and ecological observations, as well as modes of IQ
acquisition, so that the information presented herein can be adequately contextualized.

Temporal and spatial scope of Inuit Qaujimajatugangit

Inuit Qaujimajatugangit shared by participants over the course of this study was acquired through
their direct individual experiences with polar bear harvesting, butchering and hide processing, as
well as through their experience living and travelling on the land. Some of the knowledge they
shared was also obtained indirectly though discussions with other hunters, Elders and community
members.

While 1Q that participants had learned from relatives and other community members could date
back many generations, the temporal depth of their direct ecological observations varied
depending on the age of each contributor. Earliest direct ecological observations reported by
participants dated back to the 1940s. Direct polar bear observations reported by participants were
made during polar bear harvesting and hide processing activities but also while they were hunting
other species (e.g., seals, beluga, walrus, birds, caribou, fish) or travelling on the land and at sea.

The geographic scope of 1Q that was gathered through this study mainly corresponds to the areas
where contributors had travelled and conducted land-based activities over their lifetime. Figure 6
illustrates participants ‘range of direct observations’; this area corresponds to the geographic
extent of the aggregated areas where contributors from Pangnirtung and Kimmirut had travelled
and conducted land-based activities in spring, summer, fall and winter over their lifetime. Although
some contributors may have acquired knowledge derived from other geographic areas (e.g., when
living in another community), most of their direct ecological observations and experience relevant
to polar bear ecology were made within the areas highlighted in Figure 6. The geographic extent
of ecological observations made by participants also varied within their lifetime according to
changes in land use patterns and modes of transportation. For example, by the 1970s, most Inuit
living in outpost camps along the coast of the Cumberland Sound and Peninsula and the north
shore of Hudson Strait were relocated to the communities of Pangnirtung and Kimmirut (then
Lake Harbour), respectively. In addition, while travel by dog teams and by foot was a predominant
mode of transportation up until the 1960s, motorized transportation (snowmobiles, all-terrain
vehicles and motorized boats) is mostly used today.

During group interviews conducted with polar bear harvesters from Kimmirut (n=3; totalling eight
participants), contributors participated in mapping exercises to record in detail their individual
areas of observation over four specific time periods: (1) during the 1960s; (2) during the 1990s;
(3) around 2005; and (4) over the last three years (2016-2019). All participants (n=8) mapped
individually the areas they regularly travelled to and observed for each of these four time periods
(Appendix 5). Individual maps were then aggregated to produce heat maps that provide an
indication of land use intensity in space and time (see Figure 7). It is important to note from
Figure 7 that contributors’ overall range of direct observations has remained relatively stable since
the 1960s. This information is crucial to support the interpretation of contributors’ observations of
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temporal changes in polar bear abundance in the Kimmirut area, as well as analyses related to
polar bear distribution (see ‘Polar bear distribution over time’ section). Particularly, Figure 7
indicates that changes in the frequency of observation of polar bears over time are not influenced
by temporal changes in land use by study participants.

Communities Range of
Communities where interviews direct observations i

were conducted L .
m Kimmirut interview
O  Other Nunavut communities contributors f
| Pangnirtung interview
Polar bear i .| contributors {

subpopulation boundary

Data sources: Inuit Tapiriit Kanatami, Inuit Nunangat Map
(https://www.itk.ca); Inuit Heritage Trust, Place Names Program L
(http://ihti.ca); Indigenous and Northern Affairs Canada; Natural
Resources Canada; Statistics Canacla
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Figure 6. Contributors’ geographic range of direct observations. This range was obtained by aggregating
areas where participants from Kimmirut (n=21) and Pangnirtung (n=14) had travelled and conducted land-
based activities in spring, summer, fall and winter over their lifetime. DS: Davis Strait polar bear
subpopulation and management unit; FB: Foxe Basin polar bear subpopulation and management unit; BB:
Baffin Bay polar bear subpopulation and management unit.
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Figure 7. Travel intensity within range of direct observations around Kimmirut over four time periods
according to group interview contributors from Kimmirut (n=8). Contributors used both polygons and lines
to indicate areas of travel during each time period. Heat maps were generated employing a kernel density
estimation using travel areas (polygons and lines) buffered by 20 km. DS: Davis Strait polar bear
subpopulation and management unit; FB: Foxe Basin polar bear subpopulation and management unit;
BB: Baffin Bay polar bear subpopulation and management unit.
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Abundance and demography

Interview contributors described changes in polar bear abundance observed over their lifetime.
Participants also provided explanations as to why polar bear abundance has changed over time
and discussed the various indicators they employ to assess bear abundance. Contributors
commented on the size of family groups (female polar bear with cubs), cub productivity (number
of polar bear cubs produced in a population) and cub survival (number of polar bear cubs that
survive their first year) and discussed changes observed over time in the number of bears
observed for certain sex and age groups.

Observed changes in abundance

In both Kimmirut and Pangnirtung, all participants reported a steady increase in polar bear
abundance observed across their entire area of observation over their lifetime. Many contributors
also described a progressive increase in the abundance of bears observed within or close to their
community starting from around the 2000s. Figure 8 summarizes polar bear abundance trends
reported by contributors during individual interviews conducted in Pangnirtung and Kimmirut.

During interviews, contributors indicated that polar bear encounters in the past were rare. Some
participants reported second hand information and stories from their Elders who explained that
polar bear abundance was lower in the past.

“My great grandfather, my grandma’s father, had told stories of going all the way down
here [south Okalik Bay] to hunt polar bears and there would never be any polar bears.”
(Lazarusie Ishulutaqg, Pangnirtung)

“According to the people that have been living here much longer than me, they say they'd
rarely see polar bears when they were out camping...You know, [Elders] say that when
they were out camping they would barely see bears in those years, now every time we go
out we can see a polar bear, almost every time.” (Anonymous 03, Kimmirut)

All individual and group interview participants (n=35) reported first hand observations pointing to
a general increase in polar bear abundance observed over their lifetime within their area of
observation (Figure 8). Earliest observations of this increase were made in the 1970s in the
Pangnirtung area and in the 1960s around Kimmirut (Table 2).

“There was not a lot of polar bears back then [in the 1960s]. People living on the coast
were not going polar bear hunting because there was no polar bears around at that time;
that was around the 60s...And as the years progressed towards the 2000s the population
increased and [we could hunt polar bears] closer to town...It is easier to hunt them
nowadays than it was back then. If you were to go polar bear hunting to either side [you]
would not have a problem harvesting one.” (Sandy Akavak, Kimmirut)

“In those days [70s and 80s] there was hardly any polar bears around Pang. In those days,
wed see polar bears here and there whereas these days we see them where we go for
seal hunting 30 km out, 40 km out of Pangnirtung. Whereas before, wed go all the way
down [the Cumberland Sound] and there would be hardly any polar bears out there...But
in the 90s the polar bear population kind of exploded. The polar bears were interfering
with humans and also with the equipment and up to today they are doing that so there are
a lot more polar bears than before.” (Johnny Mike, Pangnirtung)
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Table 2. Perception of polar bear abundance trends based on direct observations of individual interviewees from
Kimmirut (n=13) and Pangnirtung (n=14) over their lifetime within their area of observation. Information on polar
bear abundance observed within or near communities (dark green bars) was inductively obtained meaning that
direct questions focused on abundance within or near communities were not consistently asked; therefore,
absence of information on abundance (no dark green bars) within or near communities does not indicate that
participants did not observe an increase of polar bears in the immediate vicinity of their own community.

Legend

No observation (prior to contributor’s date of birth).

Polar bear abundance was either low or abundance was not reported.

Increasing polar bear abundance directly observed.

P Increasing polar bear abundance directly observed within or near communities.

Decreasing polar bear abundance directly observed.

Kimmirut 1940s 1950s 1960s

1990s  2000s 2010s

Iltee Temela

Eliyah Padluqg

Jeannie Padlug?

Akeego Killiktee

Anonymous 01

Anonymous 02

Anonymous 03

Joe Arlooktoo

Kooyoo Padluq

Ejetsiak Padluqg

Jawlie Akavak

Sandy Akavak?

Isaac Temela

s

! Participant observed an increase from the 1980s up until five to ten years ago. However, she was unsure about this recent decline
as she did not travel on the land as much over this period. ? Participant observed a slight decline in abundance since the 2000s. He

also reported that polar bear abundance level is still higher today than it was back in the 1960s.

Pangnirtung 1940s 1950s  1960s

1990s 2000s  2010s

Peter Kanayuk

Lazaruzie Ishulutaq

Johnny Mike

Matiusie Maniapik

Anonymous 04

Simeonee Keenainak

David Kooneeliusie

Abraham Keenainak

Leopa Akpalialuk

Meeka Alivaktuk

Davidee Nowyuk

Geetee Maniapik

Wit

Leesee-Mary Kakee

Michael Kisa
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In Kimmirut, group interview discussions also
suggested an increase in polar bear sightings
over time; groups reported the polar bear
population had increased by an average of
approximately 73% since the 1970s and 14%
since 2005 (Figures 8 and 9). Narratives were
highly consistent between the three groups.
For the majority of group interviewees, 2019
(year of the interview) was considered the
year of highest abundance for the population.
However, one group of hunters (Group 1,
Figure 9) reported that peak polar bear
abundance had occurred between the mid-
1980s and the early 2000s in the Kimmirut
area, and that bear abundance then slightly
declined between 2005 and 2018 before
increasing again between 2018 and 2019.
Nonetheless, this group reported that polar
bears were much more abundant today than
they were in the 1950s to the early 1980s.

Figure 8. Group interview contributors participating

in polar bear abundance exercise in Kimmirut. From . .
left to right: Matilde Tomaselli (interviewer), Mikidjuk W€ note that abundance trend information

Kolola, Sandy Akavak and Joannie Ikkidluak. documented though group interviews seems
to reflect a ‘true’ increase in the relative
abundance of polar bears in the Kimmirut

area and not an ‘apparent’ increase resulting from spatial and temporal changes in land use by

participants and/or temporal changes in geographical distribution of polar bears (see Figures 7

and 14, respectively).

In Pangnirtung, group interviews were not conducted and quantitative information on polar bear
abundance was not collected. However, narratives from individual interviews were highly
consistent: all individual interview contributors from Pangnirtung (n=14) described a major
increase in polar bear abundance observed over their lifetime within their area of observation
(Figure 8).

We also note that Elders interviewed in both Kimmirut and Pangnirtung —with the exception of
contributors living on the east coast of the Cumberland Peninsula (in Inuktitut known as ‘the area
where the ice never melts’)— mentioned that they did not recall eating polar bears in their young
age or polar bears being a common country food in the past. This further confirms historical low
numbers of polar bears in the Kimmirut and Pangnirtung areas, except for the Cumberland
Peninsula area. Such historical recollections are also highly contrasting with subsequent
observations pointing to a major increase in polar bear numbers over time in both areas.
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Figure 9. Relative proportion of polar bear observations/encounters between 1945 and 2019 as observed
by Kimmirut contributors during group interviews. This information can be used as a proxy for polar bear
relative abundance in the Kimmirut area. Information presented is based on interviews with three groups of
polar bear hunters from Kimmirut (n=3; totalling eight participants).

Explanations for changes in abundance

In addition to provide polar bear abundance observations over time, contributors discussed
reasons that could explain why polar bears have increased in their region.

Many contributors from both Pangnirtung and Kimmirut strongly agreed that harvest quotas and
sex-selective harvest restrictions were primary drivers of an increase in polar bear abundance.

“In the past, | remember that the hunters had to go everywhere looking for polar bears,
days could turn into weeks and into months trying to hunt a polar bear back then. Now,
with the system of quotas in place, the bears are coming to the community and | find that
they are getting aggressive toward humans or communities...I find that since the quotas
are in place and sometimes when the quota are finished, the bears seem to know that
they [community members] cannot do anything to them when they are coming to the
community.” (Itee Temela, Kimmirut)

“My father helped the RCMP travel from place to place by dog team. When my father
retired, | took over in 1967 around the last time there were dog teams around. When |
became an RCMP officer, | recall the first time | knew about the quota. There was a quota
of three polar bears to be harvested. Back then, there was no Conservation Officer but it
was the RCMP who enforced quotas and management. This area didnt have a lot of bears
and the RCMP without having knowledge about the population of polar bears because this
area didnt have much at the time they gave a quota of three polar bears. This was in
1967. This is when | first noticed the quota being in place and ever since [polar bears]
have been gradually increasing.” (Sandy Akavak, Kimmirut)

‘[There are more bears now] because you cant kill a female, and especially if they have
a cub, you can only kill a male. That’s why there’s a lot of polar bears now...they seem to
31



show up more in the spring and the fall. In the spring for mating, a lot of males come close
to the land to find females and [look] for seal pups, and in the fall just before the ice forms.”
(Matiusie Maniapik, Pangnirtung)

“[Polar bears have increased] because we re not allowed to shoot them. We manage them
too good.” (Simeonie Keenainak, Pangnirtung)

Some contributors from both communities also explained that observed changes in polar bear
abundance could be linked to polar bear prey availability, sea ice conditions and changes in
weather and climate. Some further indicated that the observed increase in polar bear abundance
within their area of observation could also be related to greater use of coastal areas by polar
bears searching for preys (see also ‘Habitat and distribution’ section).

“[Before polar bears] were mostly in the water and now they are getting closer to land and
[they are] more on land. [They are coming closer to the coast because] there is not enough
other animals [polar bear preys] here. Because they always have to eat.” (Lazarusie
Ishulutaq, Pangnirtung)

“Maybe because there’s lack of ice...ice melts faster now, maybe...I'm not too sure but
that’'s how | feel because the ice breaks quicker...[So polar bears] come closer to the
land.” (Geetee Maniapik, Pangnirtung)

“l feel there are more bears compared to the past...I think this has to do with the ice
conditions. The hunting areas of the polar bears are not as great as before and their
hunting grounds have expanded. That is why we see more of them.” (Ejetsiak Padlugq,
Kimmirut)

“From the knowledge of my ancestors it has always been said that the bears or any other
animals will go to the areas where there is plenty of their prey and their main food and it
varies: some years [there are] lots [of animals in an area] and some other years [there are
not] as much. It is the movement of the animals...when it is seal pup season [bears] will
be around more.” (Jeannie Padluq, Kimmirut)

Two Kimmirut Elders shared more recent observations, possibly made within the past 10 years,
of polar bears that were ‘smaller in size’. While such observations were not directly linked by
contributors to the potential immigration of polar bears exhibiting a different body size phenotype
from adjacent subpopulations into the Kimmirut area, we believe this possibility cannot be ruled
out (see also ‘Sea ice changes’ section). From contributors’ narratives, smaller body size could
be also a function of shorter interbreeding times or reduced food availability for some polar bears.

“I have noticed that the bears seem to have gotten smaller in size. There seems to be
more bears wandering around without their mothers or the mother seems smaller and they
seem to be less fat. Some bears are fatter than others but...l dont really remember when
| started to notice the change but lately | have noticed that all polar bears | have seen
seem to be smaller and not as fat...maybe the bears that had lost their mother or
accidentally got lost from their mother tend to be smaller in size because of the nurturing
they did not have growing up.” (Joe Arlooktoo, Kimmirut)

“I don't know how you would call the polar bears that are not fully grown up yet. | have
seen them alone without a mother. | think they looked small enough that they [should have
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been] with the mother but | have seen them more without their mom [...] | would call them
Atigtaq. They are slightly smaller than the mother and they are in between these two
categories [Atigtag and Naligtigiit]. | have seen more of them and [I started to] notice this
may be about ten years ago. | have no idea why is that.” (Jawlie Akavak, Kimmirut)

When discussing polar bear abundance, some contributors explained that polar bear abundance
varies between years and highlighted that wildlife abundance follows a cyclical pattern.

“And each year is different, like, some years there’s more polar bears than other years
and some years there’s less than others. It’s not always the same.” (Leopa Akpalialuk,
Pangnirtung)

“I personally think that the bears will be gone [again]. | am noticing that back in the 60s
and later there was not many polar bears and it was [in the] 80s and 90s that the population
went up and from then I noticed another decline of polar bears, as well as seals. Compared
to the 60s, there are more polar bears today, a noticeable amount more polar bears today
than in the 60s...1 think that the peak of polar bears was between the 80s and 2000 then
around 2000 | noticed a decline. If | was to further graph [the population trend] | think that
the population would likely go back down to what it was in the 60s. It is not due to climate
change that the numbers are the way they are. The bears can live a long time, they are
good hunters and they are able to adapt. They can eat anything, not just ringed seals, sea
weed, [other] seals, berries. Those are possible foods that bears can eat. The graph | draw
is like a cycle that keeps going.” (Sandy Akavak, Kimmirut)

Finally, in Pangnirtung, an Elder who used to live in the Cumberland Peninsula (an area where
polar bears have been historically abundant) explained that her Elders used to say that removing
mature polar bear males from an area can lead to an increase in polar bear numbers in
subsequent years. This is because without dominant males, less dominant and juvenile bears
tend to disperse more and immigrate into ‘vacant’ areas. This contributor explained that male-
biased sex-selective harvest could therefore be a driver of the observed increase in polar bear
abundance.

“I grew up around men and | remember a story that was told...[King polar bears or
angujuaq] were like the watch for other polar bears, younger polar bears. [Hunters thought
that] when [king polar bears] are gone, younger polar bears or female polar bears would
be going [to] more places without being scared [by the king polar bears]. So today, that’s
how it is. | think there’s less [king polar bears] watching today...[From my knowledge, |
tried] to pass on information to people who are controlling the polar bear harvesting quotas
only for males to be hunted. | tried to tell them not to only hunt males because [king polar
bears] are almost gone. If they are gone, then polar bears will be more everywhere, |
guess...[King polar bears] were on the watch...Not only males should be harvested. Also
females should be. If all [kKing polar bears] are gone, more polar bears are coming. If
females are harvested more often, it would stop, the coming part would stop.” (Leesee-
Mary Kakee, Pangnirtung)

Abundance indicators

During individual interviews, contributors referred to four key indicators of increases in polar bear
abundance observed over time: (1) encountering more bears while travelling on the land, and
particularly family groups and juveniles (n=13 in Pangnirtung; n=11 in Kimmirut); (2) observing
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more polar bear tracks while travelling on the land (n=5 in Pangnirtung; n=4 in Kimmirut);
(3) increasing risks of conflicts between humans and polar bears and/or polar posing a greater
safety concern today compared to the past (Pangnirtung, n=9; Kimmirut, n=7); and (4) hunting
trips being now shorter in duration and/or hunters no longer needing to travel as far to harvest
polar bears (n=8 in Pangnirtung; n=7 in Kimmirut).

“According to the people who live here all their lives they have seen more bears, they
heard more about bears or heard more tracks being seen, observed. There’s more bears
in this area now. | know that by talking to the people who live here all their lives.”
(David Kooneeliusie, Pangnirtung)

“It seems [the number of bears] is going up more either because there is less ice...or they
are more used to people...My wife says that they just used to go hiking without any rifles
or anything...but now we are told not to go anywhere without a rifle...Even in the 1980s we
didnt really worry that much but lately we are encouraged to go with the rifle for our
protection or to scare off bears.” (Anonymous 02, Kimmirut)

“Now, polar bears even break [into] cabins. Because there are so many they seem to be
getting more dangerous, going into cabins and trying fto look for food.” (Lazarusie
Ishulutaq, Pangnirtung)

“When they pull a name from the bag, whoever is going out hunting [has] five days [or]
one week. Years [ago], we'd go out, five days [passed] and sometimes we didnt get
nothing because we didnt see anything. [This was back] in the 1970s and early 1980s.
But right now all you need is two days, really.” (Peter Kanayuk, Pangnirtung)

Indicators one (1) and three (3) were explored in greater depth during interviews (see following
two sections). In-depth probing of indicator one provided further insights into the productivity and
recruitment of the local polar bear population which is key to interpret observations related to
abundance and assess polar bear population health. Indicator three was important to assess the
impacts of increased polar bear abundance at the community and individual levels which
represents crucial information for management decisions.

Impacts of increased polar bear abundance

Many contributors expressed that the observed increase in polar bear abundance has had
significant impacts on their life on the land and in communities (see also ‘Concerns over public
safety’ section). Participants reported increased damage to cabins and property attributable to
polar bears in recent years. Some contributors explained that, starting around the 2000s,
residents from Kimmirut and Pangnirtung started to use more fixed cabins instead of tents when
camping on the land due to concerns for their safety around polar bears. Polar bears killed in
defense of life and property were also described as increasing around both communities.
Nowadays, Kimmirutmiut and Pangnirtungmiut have to be alert and prepared to encounter polar
bears anywhere they go.

“You have to basically keep watch at all times. It’s hard to get a rest when youre always
thinking of polar bears, that they might show up.” (Leopa Akpalialuk, Pangnirtung)

“Nowadays, when we are going camping overnight, anywhere, we always have to keep
the thought of polar bear. It might show up or it might not. You always have to be
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careful...Even now, in the summer when they’re camping, they’re going to have to make
sure someone is always on the watch...In the spring, when we go seal pup hunting, we
always have to make sure there’s someone awake during the night, just so we dont get
attacked by a polar bear...Now when we catch a whale or anything and we are going to
cut it up, we have to have one person on watch just in case a polar bear comes.”
(Lazarusie Ishulutag, Pangnirtung)

“Now it is dangerous to camp in a tent. We do not wish to be in tents anymore unless we
have aggressive dogs.” (Itee Temela, Kimmirut)

“In the past 10 years, everything has really changed. In springtime, we have polar bear
encounters and we have killed | dont know how many for self-defence. When a polar bear
keeps coming back somebody is going to have to kill it...they may be coming looking for
leftover meat because they can’t catch any or maybe they will be going to the dump.”
(Isaac Temela, Kimmirut)

Size of family groups, cub productivity and survival

Contributors commented on the size of family groups (female polar bear with cubs), cub
productivity (number of polar bear cubs produced in a population) and cub survival (number of
polar bear cubs that survive their first year), and discussed changes observed over time in the
number of bears observed for certain sex and age groups.

During individual interviews, nearly all contributors from both Pangnirtung (n=13) and Kimmirut
(n=11) reported having observed more cubs, females, and/or females with cubs (family groups).
Many explained that increased sightings of females, cubs and family groups resulted from a
general increase in polar bear abundance in the Kimmirut and Pangnirtung areas.

“We see more [cubs], we see more...than ever...We see them more now, since we see
more bears.” (Simeonie Keenainak, Pangnirtung)

“I think we're seeing more females with cubs now because a lot of the males are being
hunted, right. So all | notice is that whenever there’s a polar bear close to the community
it’s often a female with a cub...or a cub by itself.” (Anonymous 04, Pangnirtung)

“Today it's more common to see polar bears with cubs.” (Davidee Nowyuk, Pangnirtung)

“Within the last five years, | have been hearing that the number of polar bears is climbing
and with more cubs observed.” (Itee Temela, Kimmirut)

“The bears that we have encountered seem to be mostly females. The knowledge | have
learned from my Elders [is that] if you do not hunt more females you will have more
females.” (Joe Arlooktoo, Kimmirut)

“I think | have seen more females with cubs. A lot more than the other [polar bears]. [l
started to notice more family groups] | think about 15 years ago. [Nowadays] most times
[females] have two cubs and before some had two cubs and some [only] one cub.
[Recently] | see more females with two cubs but we still see single cubs. | think we [have]
see[n] more [females] with two cubs in the last 15 years than [females] with single cubs.”
(Jawlie Akavak, Kimmirut)
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When discussing the size of family groups, there was consensus among contributors that females
generally have one or two cubs, and three on rare occasions. Some participants from both
communities (n=9 in Pangnirtung; n=5 in Kimmirut) stated that females with two cubs were most
frequently observed.

“We mainly see a [female] bear with two cubs, on rare occasions there is three.”
(Anonymous 01, Kimmirut)

“[Females have generally] two cubs and sometimes they lose one.” (Lazarusie Ishulutaq,
Pangnirtung)

Some contributors (n=7 in Pangnirtung; n=6 in Kimmirut) also reported having encountered
females with three cubs. According to one contributor who had worked to monitor polar bears in
the Auyuittug National Park over many years, 1993 was the best year for cub productivity in the
Pangnirtung area; that year, he saw females with three cubs and tracks of a female polar bear
with four cubs.

“The time when | was young, we'd see two polar bears maybe one of them had two little
cubs. Right now, we see 28 [bears] in one day. Maybe 18 of them are with a little
cub...Some of them with one, two or three. Mostly two...We see three every now and then
in spring and summer.” (Peter Kanayuk, Pangnirtung)

“Once | have come across a mother and three cubs. [When] | saw that | thought | had
seen dogs walking on the land because | never saw a mother with three cubs
before...Normally they have two cubs or one cub. | have never seen three cubs. | have
seen this only once... It is rare that they get three cubs...maybe within the last six years.”
(Jeannie Padlug, Kimmirut)

“Me and an old guy, we came from Cape Dorset one time in February or March and we
came across the tracks of a mother bear and three cubs. That is kind of rare, usually it is
two or one cubs, but that only one time | saw a mother bear with three cubs. That was
years ago in the 1990s.” (Anonymous 02, Kimmirut)

Some contributors from both communities (n=8 in Pangnirtung; n=3 in Kimmirut) reported the
increased observations of family groups were likely due to harvest regulations protecting females
and family groups (in particular, sex-selective harvesting and restrictions on harvesting denning
bears).

“Seems to have more cubs. The family groups have increased since the time | have started
to observe polar bears. Mother and cubs have increased a lot since then. One reason for
this is could be that females are not to be harvested and, therefore, they are producing
more cubs...and females with two cubs are seen more regularly now than before, within
the past five years.” (Kooyoo Padluq, Kimmirut)

“Because we're not allowed to hunt female, cubs, he sees more of that and they re growing
in population. Female with cubs.” (Davidee Nowyuk, Pangnirtung)

“l think we're seeing more females with cubs now because a lot of the males are being
hunted, right. So all | notice is that whenever there’s a polar bear close to the community
it’s often a female with a cub...or a cub by itself.” (Anonymous 04, Pangnirtung)
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While sightings of family groups, cubs and females have increased in recent decades,
contributors from both Kimmirut and Pangnirtung did not report any notable changes in cub
productivity and survival over the years. According to results from proportional piling exercises
conducted during group interviews held in Kimmirut, there was no difference in litter size and cub
survival between the contrasted time periods (around 1990, around 2005 and 2016-2019;
Figures 10 and 11). Around Kimmirut, mothers were observed more commonly with two cubs-of-
the-year and two yearlings (Figure 11). While quantitative information on litter size over time is
available for Kimmirut only, contributors from Pangnirtung offered qualitative observations related
to changes in cub productivity and survival over time. Nine contributors reported that throughout
their lifetime female polar bears with two cubs were more commonly observed. Three participants
further specified that while more family groups had been observed in the Pangnirtung area, they
had not noticed any changes in family group size (both females with cubs and females with
yearlings) over time.

ﬂ Ao e ‘ " : @ -
Figure 10. Mikidjuk Kolola (left), Sandy Akavak (centre) and Joannie Ikkidluak (right) participating in
proportional piling exercises on cub productivity and survival around Kimmirut. Contributors expressed the
relative proportion of family groups they had observed with one, two or three cubs using piles of beans
distributed along an axis picturing three family group types (female with one cub, female with two cubs,
female with three cubs).
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Figure 11. Relative proportion of cubs-of-the-year [COYs] (A) and yearlings (B) observed per female (9)
polar bear with COYs and yearlings, respectively, observed over three time periods (around 1990, around
2005 and last three years [2016-2019]) in the Kimmirut area. Percentages were derived from proportional
piling exercises with three groups of contributors from Kimmirut (n=3; totalling eight participants). Each
group reached consensus on the relative proportion of each type of family groups observed over three time
periods. Final percentages were calculated using mean values across the groups. While there was some
variability in proportions identified by the three groups within the same time period, each group was
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2 Yearlings

consistent in reporting no changes in litter size over time.
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Distribution and habitat

Contributors shared observations on the historical and contemporary distribution of polar bears
around Pangnirtung and Kimmirut. They indicated that more polar bears have been observed
near communities and offered explanations as to why this phenomenon may be happening.
Contributors also shared perspectives on what constitutes a ‘good’ polar bear habitat and
commented on polar bear seasonal distribution. They reported changes in sea ice observed over
their lifetime and discussed potential effects on polar bear distribution. Finally, participants
discussed polar bear denning behaviour and identified denning areas.

Polar bear distribution over time

Contributors shared perspectives on the changes in polar bear distribution observed over time
with their areas of observation. Perspectives from Kimmirutmiut and Pangnirtungmiut are
presented separately below.

Kimmirut

Through proportion piling exercises conducted with three groups of contributors from Kimmirut
(Figure 12), we were able to map polar bear relative distribution within participants’ range of direct
observations over time (Figures 13). Relative proportion of polar bear sightings was used as a
proxy for polar bear distribution and provided insights into differences in polar bear relative density
at different locations. Observations on polar bear distribution around Kimmirut are available for
four time periods: (1) during the 1960s; (2) during the 1990s; (3) around 2005; and (4) over the
last three years (2016-2019). Table 3 offers a descriptive summary of historical polar bear
distribution around Kimmirut. Narratives from individual interviews were consistent with
information collected during group interviews (Figure 13).
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Figure 12. Jawlie Akavak (left) and Eliyah Padluq (right) participating in mapping and proportional piling
exercises on polar bear distribution around Kimmirut. Participants expressed changes in the distribution of
polar bears they had observed over four time periods using piles of rice distributed over topographic maps.
Through discussions, participants from each group reached consensus on the relative proportion of polar
bears they had observed in specific areas during each time period.
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Figure 13. Polar bear relative distribution in the Kimmirut area between the 1960s and 2019 as reported
by contributors during group interviews. Information presented is based on interviews with three groups of
polar bear hunters from Kimmirut (n=3; totalling eight participants). From each time period considered, data
points were obtained from mapping and proportional piling exercises and were transposed on QGls along
with the ‘range of direct observations’ obtained by aggregating areas of observation of individual
participants (n=8) (see also Figure 7). Heat maps were generated for each time period by averaging
distribution information provided by each group and employing a kernel density estimation with data points
buffered by 10 km.
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Table 3. Descriptive summary of historical and contemporary polar bear relative distribution and relative
abundance in the Kimmirut area. Table content was developed by coupling information presented in
Figure 13 with group interview results related to polar bear relative abundance (represented under the polar
bear icon as a progressively increasing bar).

Period | /™ | Polar bear relative distribution around Kimmirut

i Although in the 1960s encounters with polar bears were rare, about 60% of the
1960s i | encounters happened along the south shore of the Meta Incognita Peninsula
po particularly towards its eastern tip. That area was also a known denning site for
Do female polar bears (see ‘Denning’ section). About 15% of bears encountered were
i observed close to Markham Bay and about 25% were seen close to the community.

By the 1990s, the number of polar bear encounters had substantially increased and
' about 75% of bears encountered were observed distributed along the south shore

1990s of the Meta Incognita Peninsula (from Barrier Inlet to York Sound) and in Markham
Bay. The remaining 25% of polar bear encounters occurred close to the community,
especially in White Strait and around Big Island.
- From the 1990s until around 2005 polar bear numbers continued to increase and,
Around around 2005, about 77% of polar bear encounters took place along the south shore
2005 of the Meta Incognita Peninsula (30%) and in Markham Bay (47%). The remaining
23% occurred between White Strait, Big Island and the inlets located close to town.
During the 2016-2019 period, about 73% of polar bears encountered were observed
2016- along the shore of Meta Incognita Peninsula (32%) and Markham Bay (41%) while
2019 the remaining 27% were observed between White Strait, Big Island and the inlets
in close proximity to the community.

Around Kimmirut, common areas where contributors reported encountering polar bears were:
Markham Bay, Big Island, White Strait, Middle Savage Islands, south shore of the Meta Incognita
Peninsula, and the floe edge.

“In my experience there are more bears around here [along the south coast of Meta
Incognita Peninsula]. The further you go down [along the coast], the more
bears...Whenever you are going further down [along the coast of Meta Incognita
Peninsula] you can see more bears. [In general] there are more bears here [in the
Markham Bay area] and here [along the coast of Meta Incognita Peninsula] and polar
bears do travel so whenever they come around [closer to town] we see them. | guess [in
Markham Bay and along the south coast of the Meta Incognita Peninsula] there’s more
seal population and more sea ice and there [are] more polynyas and of course the polar
bears take advantage of that.” (Anonymous 03, Kimmirut)

Figure 13 and Table 3 illustrate that while the abundance of polar bears kept increasing in the
Kimmirut area between the 1960s and 2019, their distribution does not seem to have substantially
changed during this period within contributors’ range of direct of observations (which has also
remained stable over time around Kimmirut; see ‘Temporal and spatial scope of Inuit
Qaujimajatugangit’ section). In particular, since the 1960s, group interview contributors had
observed higher numbers of polar bears (about 70-80% of the total) along the shore of the Meta
Incognita Peninsula (from York Sound to Barrier Inlet) and in Markham Bay. From these
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observations, it appears that the probability of polar bear encounters within or close to the
community area has increased with time (from the 1960s to 2019) as a function of increased polar
bear numbers rather than as a result of shifts in polar bear distribution within participants’ range
of direct observations.

Pangnirtung

In Pangnirtung, group interviews were not conducted and quantitative information on polar bear
relative distribution was not systematically collected. Nonetheless, combining narratives from
individual interview contributors (n=14) allowed to produce a qualitative account of polar bear
distribution over time within participants’ areas of observation. Figure 14 and Table 4 offer a
summary of temporal changes in polar bear distribution and polar bear harvesting areas in the
Pangnirtung area.
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Figure 14. Summary of main polar bear harvesting areas from the 1960s to 2019 with arrows showing the
directionality of expansion of polar bear range over time according to individual interview contributors from
Pangnirtung (n=14). For complete interpretation, refer to Table 4. DS: Davis Strait polar bear subpopulation
and management unit; FB: Foxe Basin polar bear subpopulation and management unit; BB: Baffin Bay
polar bear subpopulation and management unit.
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Table 4. Descriptive summary of historical polar bear distribution around Pangnirtung. Table content was
developed by aggregating individual interview (n=14) results related to polar bear distribution and
abundance in the Pangnirtung area.

Period Polar bear distribution around Pangnirtung

Around the 1960s (when families living in camps around the Cumberland Sound were
relocated to Pangnirtung), encounters with polar bears were generally rare. Polar bears
were mostly distributed outside Cumberland Sound.

Few polar bears were seen around Pangnirtung and hunters would have to travel further
away from the community to harvest polar bears compared to today (see yellow areas,
Figure 14).

Seeing polar bears or harvesting them was rare for families living in camps in the upper
Cumberland Sound but more frequent for families located on the south shore of the
Cumberland Sound towards its mouth (where polar bears were spring hunting in seal

From pupping areas). Observing and harvesting polar bears was then more common also for
1960s to families living on the Cumberland Peninsula on the north side of the Sound.
1990s

From the 1960s up until the early 1990s, main polar bear hunting areas were located along
the eastern shore of the Cumberland Peninsula (yellow area marked with A, Figure 14)
and along the south shore of the lower Cumberland Sound (yellow area marked with B,
Figure 14). One contributor who lived with her family in the Cumberland Peninsula
reported that Inuit were hunting polar bears (including denning females) in this area even
before the 1960s as polar bears had been there for a long time.

By the 1990s, the number of polar bear encounters had substantially increased. Polar bear
sightings and signs of bear presence had become more common in areas where they
were previously rare, in particular they started to be consistently found in the central part
of the Cumberland Sound.

From the 1990s until 2019, polar bear sightings continued to increase and polar bears
progressively expanded their range into the central and upper Cumberland Sound closer
to Pangnirtung. This resulted from the mid-1990s onwards in a progressive shift in the
location of main polar bear hunting areas closer to the community (green areas,
Figure 14). From the early/mid2000s, polar bears have also been consistently and

From increasingly seen in the upper Cumberland Sound where harvesting has also been
1990s to reported in recent years (green dashed line, Figure 14).
2019 While polar bears continue to be found in great numbers within their historic distribution

range (outside and in the lower part of Cumberland Sound), today polar bear hunters from
Pangnirtung do not need to travel as far from the community in order to harvest or see a
polar bear. Coastal areas in the central Cumberland Sound, particularly on the south
shore, are prime polar bear harvesting areas (where bears hunt for ringed seal pups in the

spring).

Individual narratives were highly consistent (n=7) in reporting a progressive shift in the location of
polar bear harvesting areas closer to the community (Figure 14), as well as an increase in polar
bear sightings in the central and upper Cumberland Sound which started approximately around
the 1990s and 2000s, respectively.

“[Back in the 1960s] people from this area [Qimmisuuq area located on south shore of the
Cumberland Sound towards its mouth] used to get polar bear every year, people from
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there [Cumberland Peninsula] used to get more than this area. People here [upper
Cumberland Sound] never used to get any polar bear. [There were] lots of camps around
here [upper Cumberland Sound] but they didnt usually go out polar bear hunting; only a
few maybe but it was very rare. But right now you are guaranteed to see polar bear or
tracks.” (Peter Kanayuk, Pangnirtung)

“When we moved to Pang [in the 1960s], there was no polar bears in this area, so not a
lot of hunting...When snowmobiles were introduced to Pang [in the 1960s] and they were
used more often, by snowmobiles hunters would go polar bear hunting from Pang [to other
places].” (Leesee-Mary Kakee, Pangnirtung)

“Even back then in the 1960s we knew these areas [eastern shore of Cumberland
Peninsula and south shore of the lower Cumberland Sound] were known to have lots of
polar bears. [Those are] areas with open water...There’s a lot of seals, whales around this
area [eastern shore of Cumberland Peninsula], that’s why there was always lots of polar
bears...It seems like polar bears getting close to Pangnirtung...[Since] 2000, even end of
90s. You see polar bear tracks everywhere, all [along] this coast [upper Cumberland
Sound], [and] all the way down.” (Simeonie Keenainak, Pangnirtung)

In addition, two contributors who visited the eastern shore of Cumberland Peninsula and the south
shore of the lower Cumberland Sound (see Figure 14; areas A and B, respectively) in the 2000s
mentioned that polar bears were still abundant in those areas at that time. One of them mentioned
that he had stopped travelling to his cabin in the Cumberland Peninsula in the early 2000s due
an increase in polar bears in the area, making it unsafe.

“l don't go to my cabin anymore [in the Cumberland Peninsula]...because there are too
many polar bears now...[Last time | was there] it was early 2000s.” (Simeonie Keenainak,
Pangnirtung)

In summary, all these observations suggest that as the local polar bear population increased,
polar bears have, from the 1990s onwards, progressively expanded their historic distribution
range into the central and upper Cumberland Sound closer to Pangnirtung, where historically
polar bears were encountered only sporadically. Prior to the 1990s, polar bears were mainly
observed along the south shore of lower Cumberland Sound and the eastern shore of the
Cumberland Peninsula. We note that observations from Pangnirtung contributors suggest that the
polar bear distribution range has expanded —rather than shifted— towards the community of
Pangnirtung in the timespan of a few decades.

Polar bear distribution near communities

Many contributors from both communities described a progressive increase in the number of
bears observed within or close to their community starting from around the 2000s (see also
‘Abundance’ section). Indeed, most individual interview participants (n=13 in Kimmirut; n=9 in
Pangnirtung) indicated seeing more bears in or near communities today than in the past (see also
Table 5). While any type of polar bear could be seen in the vicinity of or within communities,
contributors reported that more inquisitive juveniles, which also tend to be more aggressive than
adults, and sometimes mothers with cubs are the types of polar bears most frequently observed
near communities.
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“In the last few years, we have seen polar bears that come closer to town...[l have noticed
this] in the past 15 years. As per my knowledge, [they come closer to town] more in the
fall...When there is less sea ice, they go close to town for food...They go into town in the
summer and winter time [too] but not as much as in the fall...[l have noticed] maybe more
mothers and cubs [coming close to town].” (Anonymous 03, Kimmirut)

“About five years ago, three [came into town] in one summer season, other times would
be twice [in a season. | think they have been coming closer to town] in the past three
years. | think it has been happening only during spring and summer. | think that those
young ones again [are coming into town], the atigtag. The grown up bears | dont think
they never come close.” (Jawlie Akavak, Kimmirut)

“The younger bears seem to have more courage and be less afraid than the bigger and
older bears. [Also] females with cubs would normally come into the community.” (Joe
Arlooktoo, Kimmirut)

“Nowadays a bear would not hesitate to approach something moving thinking that is food
and they come after the food that is stored in town and this is more often these days...It
is more likely that bears come into town in fall and winter when there is enough ice. Any
kind of bear could come into town.” (Ejetsiak Padluq, Kimmirut)

During individual interviews, participants identified three potential causes that could explain why
more polar bears are observed in or near communities: an increase in polar bear abundance
(n=11 in Kimmirut; n=6 in Pangnirtung); polar bears being attracted by the smell of food in
communities and at the dump and/or by the smell of carcasses from harvested animals near
communities (n=3 in Kimmirut; n=1 in Pangnirtung); and changes in sea ice leading to increased
use of coastal habitat by polar bears (n=2 in Kimmirut; n=1 in Pangnirtung).

“In the past 10 years, everything has really changed. In spring time, we have polar bear
encounters and we have killed | don't know how many for self-defence. When a polar bear
keeps coming back somebody is going to have to Kill it... They may be coming looking for
leftover meat because they can’t catch any or maybe they will be going to the dump.”
(Isaac Temela, Kimmirut)

“Today when there’s a whale hunt here and [community members] leave the carcass...it
attracts polar bears.” (Michael Kisa, Pangnirtung)

“[Polar bears are closer to communities] maybe because there’s lack of ice...Ice melts
faster now...I'm not too sure but that’s how | feel because the ice breaks quicker...[So
bears] come closer to the land.” (Geetee Maniapik, Pangnirtung)

Habitat and seasonal distribution

During individual interviews, contributors from Pangnirtung and Kimmirut indicated that polar
bears can be encountered on the sea ice, in open water and on the land, depending on the season
and prey availability. Many participants associated sea ice (n=10 in Pangnirtung; n=7 in Kimmirut)
and abundant preys (n=6 in Pangnirtung; n=6 in Kimmirut) with ‘good’ polar bear habitat. One
contributor mentioned that low anthropogenic disturbance and the presence of both male and
female polar bears were also important habitat conditions for polar bears. Another participant also
highlighted that the presence of polar bears of different age categories (including young and
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mature individuals) is a characteristic of a ‘good’ polar bear habitat that can sustain a healthy
polar bear population.

“The land and the sea ice would be an ideal place for the bears...where their preys are
abundant. The polar bears would be in the inlets more so than out in the open because
the preys are more abundant there.” (Eliyah Padluq, Kimmirut)

“Polar bears can be on land, ice, water. Theyre able to swim and basically they can live
off anything.” (Lazarusie Ishulutaq, Pangnirtung)

“[A good polar bear habitat is where] there’s less people and good hunting for them, like
lots of seals and clean environment and lots of females to mate with.” (Anonymous 02,
Kimmirut)

“[Their distribution] varies [with] the sea ice: when the sea ice if formed the bears are out
on the ice more, when the ice is gone you cannot tell where the bears are...[Where polar
bears are] depends of their preys, they will be around where there is enough seals and
where they find a washed up [bowhead] whale on the shore.” (Joe Arlooktoo, Kimmirut)

Individual interview participants described seasonal polar bear distribution patterns that were
mainly driven by sea ice dynamics and seal availability. Many contributors (n=9 in Pangnirtung;
n=7 in Kimmirut) commented on the importance of sea ice to polar bears —notably for hunting,
mating and traveling— and explained how sea ice formation influences polar bear distribution and
seasonal movements.

“When the pressure ice or the broken up ice would land to the mainland there would be
more bears coming in. The ice packs are bringing in bears...The current and the wind are
the main causes of the movement of the ice packs...Normally if it had been a lot of wind
coming from one direction for so long the ice packs would come in and stay in and that
creates the bears to come up [on the mainland]. Or the freeze over of the ocean would be
the other one for having the bears coming in. The bears would start coming to the mainland
side during the pup seal season, in March.” (Eliyah Padluq, Kimmirut)

“It’s different ever year. This winter we got lots of northwest wind, that’s why there’s been
blue sky almost all winter. And some years we get southeast wind...we get more clouds
and we get more snow with southeast winds. Some years we get both...but this winter we
got northwest winds a lot more so we might get lots of ice this summer, [old] ice from the
north. That’s what they say, we get [old ice] with northwest wind. [Northwest winds] push
all the old ice from the High Arctic down to eastern Arctic. When spring comes, we change
from [northwest to] southeast wind, [and this] shoves all the old ice [towards our
shores]...If we get southeast wind, [winds] put the polar bears into the shores more.”
(Simeonie Keenainak, Pangnirtung)

“It’s easier to find bears on the coastline when there’s a floe edge. They stay close to the
floe edge. That’s where you see them more...They can hunt better when the ice is thin
because the seal holes are not quite shut yet. TheyTe still open and so for seals, [polar
bears] sit there and for long time wait for the seals to come up and just grab them...Once
[the annual ice] gets thicker theyl1l go open sea because on the open sea there’s more
floe edge and thin ice and all that.” (David Kooneeliusie, Pangnirtung)
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Participants mainly observed polar bears on the sea ice (on the pack ice, at the floe edge or
around polynyas) in winter, in ringed seal pupping areas in spring (March and April), and in coastal
areas (on the shore, on islands, on floating ice or swimming in open water) in summer and fall
until freeze-up.

“In the winter, [polar bears] are out at the floe edge or out in the pack ice...When | am
close to town hunting, | see lots of tracks here around the floe edge...In the spring, they
are going after seal pups so they are more in the fjords and places like Markham Bay,
looking for seal pups or looking for mates. In the summer, they are along the coast, not so
much inland but sometimes...They could be on glaciers too from what | have heard, like
when it gets very hot they spend time on glaciers where they can cool off...In the summer,
you can see them from the boats in the water or along the coast all the way through there
[Markham Bay area] and even through here [coast of Meta Incognita Peninsula]...We see
them on the islands mostly, even on small islands. They want to get out of the water and
rest on the land and there’s a lot of islands here that have potential for bears or where
bears might be.” (Anonymous 02, Kimmirut)

“In the winter, we see bears on the sea ice and very rarely on the land. In the summer
sometimes we see them swimming and most of the times [we see them] along the shore.”
(Jawlie Akavak, Kimmirut)

“[Polar bears are] where there is a good population of seals and where the sea ice is and
the floe edge area and where there [are] polynyas, where there’s open water. Whenever
| go there [Markham Bay area], there are lots of tracks [close to] the polynyas so that’s a
good place for them.” (Anonymous 03, Kimmirut)

“[Where] there’s more ice that’s where the bears will hang out more or on thin ice...And
then when there’s completely no ice, they go into the fjords or open sea, stay in the water
for a while...When there’s big waves coming in, swells, [polar bears] all head up to the
land and then from there they wandered off onto the land...If there’s been big waves that
means there’ll be more bears on the land... And then | used to say well, right now [there
are] big waves. Now is a good time to hunt bears, right after that.” (David Kooneeliusie,
Pangnirtung)

“On the land in summertime, wintertime on the ice...Theyre very smart, polar bear...They
know what they’re doing.” (Meeka Alivaktuk, Pangnirtung)

Some contributors mentioned that polar bears of certain sex or age types have specific habitat
preferences, although this topic was not explored in detail. Three contributors noted that some
big male polar bears (mostly referred to as tulajuitug in Inuktitut) spend most of their time at sea.
These large pelagic bears were described as solitary polar bears which live on the moving sea
ice and in open water, coming to shore only occasionally for mating. Participants indicated that
these ‘sea bears’ also have distinctive morphological characteristics, including a very large size,
a grey or silver stripe on their neck back, and long fur on their front legs due to constant swimming.

“Polar bears that stay out at sea most of their time are larger and have a grey stripe on

their back. There is a different Inuktitut name for these males.” (David Kooneeliusie,
Pangnirtung)
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“There are the big angujuaq, bigger than a 13-footer and going up to 20 feet. They stay at
sea and we very rarely see them. People say that. They stay mainly in the sea and they
can eat their own kind, the smaller polar bear. The size of their head is massive, they are
amazing...l have only seen them a couple of times...They barely go to the land, they go to
the land only when they have to.” (Isaac Temela, Kimmirut)

Sea ice changes

While contributors emphasized the importance of sea ice for polar bears, many (n=9 in
Pangnirtung; n=8 in Kimmirut) also reported changes in sea ice quantity and quality observed
over recent decades. Changes observed included: thinner sea ice, bigger polynyas, changes in
floe edge location (closer to coast), as well as earlier sea ice break-up in and later freeze-up.

“The ice started to break up a lot earlier than it used to do. Like maybe a month earlier or
a month and a half...| feel sometimes that the water is warm because we dont get the ice
like it used to be.” (Peter Kanayuk, Pangnirtung)

“The ice around here [Pangnirtung area] never melted until July but now it melts the
fastest...Now already in April the ice is getting thinner and some part melts fast and it can
be dangerous [to travel]...l started noticing these changes from the 1980s...I used to go
turbot fishing here [in the middle of Cumberland Sound], but now it’s always open water.”
(Matiusie Maniapik, Pangnirtung)

“[Freeze-up is] also happening later than it used to. Even one year they were still able to
go out boating in December and even into January...That was not normal...It used to
happen late October, early November. Now it only happens in early December.”
(Anonymous 04, Pangnirtung)

“[Now] there is possibly less ice and even in summer there seems to be less ice, like
pieces of ice floating around where seals usually are sunning on top in the summer. [l
have also noticed] maybe [less ice in the winter] because right now the ice floe edge is
pretty close. And from what my buddy said when he went to the Markham Bay to go fishing
[this year], like he said that the polynyas were very big and he has never seen them that
way: the ice didnt really form that much and there’s hardly any snow too...Within the past
ten year it seems to be less ice even in the spring, maybe it melts quickly.” (Anonymous
02, Kimmirut)

“When | was growing up, during the month of December we would be traveling by dog
team. Nowadays we are traveling by boats [in December]...on the same routes...This is
how much a difference there is how from back then! The ice used to be really thick back
then...This may have affected some polar bears in a way because it has been affecting
the humans. When it has impact on the humans | am sure it has an impact on the bears
too in a way.” (Eliyah Padluq, Kimmirut)

Several participants from both communities mentioned that while sea ice changes may have an
effect on polar bears, nanuq is highly adaptable to habitat and sea ice changes (see also ‘Future
of polar bears’ section). For example, some contributors mentioned that polar bears are able to
effectively hunt seals also in open water (see also ‘Feeding behaviour’ section). However, others
noted that hunting seals on sea ice may be ‘easier’ for polar bears. Overall, participants shared
the view that while polar bears are highly adaptable predators able to effectively hunt a broad
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spectrum of preys available at different times of the year and in different environments (on sea
ice, on land, and in open water), polar bears are not all equally able to effectively hunt in every
situation as ‘some polar bears are better hunters than others’. Therefore, the apparent diversity
of responses under this theme does not reflect a disagreement between contributors but instead
highlights that the adaptability of individual polar bears to a changing environment varies along a
spectrum and is influenced by local prey availability and polar bear feeding behavior (see ‘Diet
and prey availability’ section).

“Some bears are still as fat as before, but some are not as fat as they used to be...You
know, some bears are good hunters so they are very fat, others that are not so fortunate.
It is just like humans: the good hunters provide themselves good meals regularly, those
that are not as good hunters are not as fat.” (Eliyah Padluq, Kimmirut)

“There is less ice meaning that [polar bear] hunting area on the sea ice is smaller in the
winter. It’s so different. But there is floating ice all the time and [polar bears] got no problem
living on that floating ice.” (Johnny Mike, Pangnirtung)

“[Change in sea ice] doesn't affect the polar bears and it never will affect. Like | said, [polar
bears] pretend to be ice [in open water] and a seal comes to them and they tend to be in
areas where there’s fish. And they also go for the young walrus, the baby ones...When
there is no more ice, the polar bear pretends to be a piece of ice and stays still in the water
for a long time, until a seal comes.” (Leopa Akpalialuk, Pangnirtung)

“The more experienced hunter usually passes word of mouth to everyone to tell how thick
theice is and if it is safe. | have started to notice [thinner sea ice] within the last ten years...|
imagine that this has an effect on the bears because they hunt on the ice. Their hunt
depends on the ice conditions but | believe they are adaptable. They are predators and
they eat what they can hunt.” (Anonymous 01, Kimmirut)

“People have been worried about ice going but one other Elder told me: There’s always
going to be ice in the fjords’. Maybe less ice in the open areas but we have lots of fjords
and he said that there will always going to be ice in those fjords. So bears will have
somewhere to hunt their preys [but] maybe less areas for them. | believe that guy. It is
always going to be cold here and there is always going to be ice in the fjords.”
(Anonymous 02, Kimmirut)

“We know that the polar bears use the ice for their advantage to catch seals. If the sea ice
melts faster then there will be less time for the easier hunts, but they have other means to
hunt...l am sure they will be able to adapt because they are animals but | guess time will
tell.” (Anonymous 03, Kimmirut)

In Pangnirtung and Kimmirut, several participants (n=4 in Pangnirtung; n=2 in Kimmirut) reported
that polar bears are now spending more time on the land and in coastal areas near communities
as a result of changes in sea ice conditions.

“Now, they are getting closer to land and more on land.” (Lazarusie Ishulutaq,
Pangnirtung)

“When the ice is melting or when there is no more ice, the polar bears seem to be going
more inland.” (Matiusie Maniapik, Pangnirtung)
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“The ice is a lot thinner nowadays...Polar bears normally hunt on the ice and out there the
ice is not as stable as it was and as a result the polar bears are coming in the coastal
areas, where towns are, looking for food. Nowadays there is more polar bears coming into
town in search of food.” (Ejetsiak Padluq, Kimmirut)

“[Polar bears] are coming more into town. They have always been around but lately they
have been around more, within the past 10 years. The Elders here know more about [the
reasons why polar bears are coming into town] but from what they say the polar bears are
always looking for food and they rely on the ice [for hunting]. If the ice forms that is where
they are more likely to hunt...They are searching for food, so if there is no ice | guess they
are bound to be anywhere within the coast or the land.” (Anonymous 01, Kimmirut)

In Kimmirut, one participant also indicated that because of sea ice changes, some polar bears
may now be immigrating from northern Québec across the Hudson Strait. Another indicated that
polar bears may be coming into the Kimmirut area from the west in search for preys.

“l have noticed that the temperatures [have changed], the winters were colder back then.
Nowadays is not as cold. | believe that climate change has an effect on the
bears...because polar bears go to wherever ice conditions are good and there is cold
weather. If the climate is changing there too, | think that the bears of northern Québec
area may be also coming up [here]. | have seen clean bears with white fur out in the middle
of the ocean far from land swimming [from south to north into the Hudson Strait].” (Ejetsiak
Padluqg, Kimmirut)

“I believe that the bears are coming [to the Kimmirut area] from that direction, from the
west [Markham Bay area] or they could be coming from the [open] ocean. Even other
hunters have stated that too. If it is true that the bears are coming from that direction and
going towards that direction [movement from the west to the east] maybe the bears in this
area [in the west] will decline because [the bears] are moving. | know that they are
following their preys, the seals, and this is true for all the animals. All the animals follow
where their preys are.” (Joe Arlooktoo, Kimmirut)
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Denning

During individual interviews, contributors from both communities identified known polar bear
denning areas and discussed polar bear denning behaviour and habitat.

Communities Polar bear
® Communities where interviews denning areas ﬁ
were conducted 7 e Kimmirut interview
O  Other Nunavut communities ; contributors [
m ) Pangnirtung interview
contributors !
---= Range of direct observations
”\ . .. Polar bear 0 100 200 km
L L ]

subpopulation boundary

Data sources: Inuit Tapiriit Kanatam i, Inuit Nunangat Map (https://www itk ca); Inuit Heritage Trust, Place Names Program
(http://ihti.ca); Natural Resources Canada; Statistics Canada

]

Figure 15. Polar bear denning areas identified by individual interview contributors from Kimmirut and
Pangnirtung. Polar bear denning areas were obtained by aggregating the specific areas where participants
from Pangnirtung (n=7) and Kimmirut (n=7) had directly observed polar bear dens over their lifetime. One
contributor from Kimmirut also shared indirect knowledge on general location of dens passed on by Elders
(polygon on the south shore of Meta Incognita Peninsula marked with i). Denning areas represented include
both maternity dens and a temporary den (t). DS: Davis Strait polar bear subpopulation and management
unit; FB: Foxe Basin polar bear subpopulation and management unit; BB: Baffin Bay polar bear
subpopulation and management unit.
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Fourteen participants (n=7 in each of Pangnirtung and Kimmirut) had directly observed polar
bears dens over their lifetime or learned their general locations from Elders, and identified specific
polar bear denning areas around Pangnirtung and Kimmirut (Figure 15). Some also noted that it
was uncommon for them to come across polar bear dens and that dens were often difficult to spot
or access. Contributors who described the characteristics of a ‘good’ polar bear denning habitat
and explained that they generally observe maternity dens in hilly or mountainous coastal areas
with good snow coverage (including in proximity of glacier complex), landscape features
facilitating snowdrift formation, and abundant preys.

“My dad and my older friend told me that there are lots of dens down here [along the
southern coast of the Meta Incognita Peninsula]. [Those are good denning spots for bears
because] there’s lots of walrus and seals there and fish.” (Anonymous 02, Kimmirut)

“I have seen dens on Big Island most times. Last year | was looking to see if there may be
a den in the same spot where it used to be but last year it wasn't there. It is on a high hill
[with] a snow area that never melts during the summer. It is not a glacier, it is just snow
but it doesnt melt. | dont recall [seeing other dens]. [| havent noticed any changes in the
time of denning], usually the denning [happens] at the same time.” (Jawlie Akavak,
Kimmirut)

“The mountains are higher and there’s more snow in these areas...Not many people go
in these areas, so they're a really good spot for polar bears to have dens, because no one
goes there...[The den] looks like an igloo. You kind of have to be bent down [to stand
inside]...It’s ice inside. From the [polar bear] breath, [ice forms] inside the den.”
(Leopa Akpalialuk, Pangnirtung)

“[Polar bears] use the fjords to go inland [to their] denning areas to give birth...They always
go back [because] there’s more snow in [the] backcountry. Like being closer to the glaciers
and all that. But they don't use the glaciers...They just use the snow that’s close to the
glaciers...And | have noticed that [polar bear dens] always seem to be always facing
southeast...I dont know why. | know we used to [track dens] with helicopter and
sometimes [we saw dens at] 3,000 feet. That’s really high...this is because the snow is
drier higher up.” (David Kooneeliusie, Pangnirtung)

Some participants explained that females typically give birth to cubs in maternity dens in
December and January, and leave their dens around March or April at the time of year when
ringed seal pups are born.

“Some of the polar bears make a den and stay there all winter. And they’re permanent,
that’s for sure. They stay there until March...all the pregnant ones do that. They come out
of the den in March when the baby seals start to be born and they go out on the ice for the
seals.” (Peter Kanayuk, Pangnirtung)

“I have seen [polar bear] dens in Kagitukutaa [Nanuqg Harbour] and Isuqtug [Noble Inlet]
areas [at the tip of Meta Incognita Peninsula]. The timing of denning could vary but around
winter they start denning and come back out around March or April. Dens are likely on
slanted slopes.” (Sandy Akavak, Kimmirut)
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Some contributors reported that adult males use temporary dens.

“Even angujuait [big adult male polar bears] do that too sometimes. If they are really fat, |
guess. They make a den in the snow and stay there. Sometimes even three or four
months...That is what the Elders told us and | believe it.” (Peter Kanayuk, Pangnirtung)

“Temporary [dens are] not really shut [covered] because they're just temporary ones.
Mostly big males would use the temporary ones a lot. | found if there’s a good snow
bank...they will go in just to use it temporarily...Maybe just to relax, wait for the ice to
freeze up or something...In October [before freeze up] we see many temporary dens and
you could even see [that] the bear is in there because it’s not shut...It’s a big male most of
the time that uses those temporary ones.” (David Kooneeliusie, Pangnirtung)

While changes in timing of denning were not reported, one participant from Pangnirtung noted a
shift in maternity den location due to melting glaciers.

“I have seen a couple dens. | would look up in the mountains and a polar bear would show
up for a bit and then go back in [the den]...They keep their dens in the glacier areas, but
now there is nothing here anymore [showing an area where a glacier used to be]. It melted.
The more the glaciers are melting, the more they move.” (Lazarusie Ishulutaq,
Pangnirtung)

One contributor described how, in the past, harpoons were used to locate maternity dens when
hunting denning females.

“l watched my father looking for dens. They were looking for dens [using harpoons]. If [the
harpoon] went all the way [through show], there’s no [den]. But if you touch ice, that’s
when they knew there’s a den in there. When they touch ice and you keep poking it, if it
goes through, that’s the den.” (Leesee-Mary Kakee, Pangnirtung)

Diet and prey availability

Contributors discussed polar bear diet and feeding behaviour, and reported changes in prey
abundance and availability around Pangnirtung and Kimmirut.

Diet

Contributors described the broad diet of polar bears and all individual interview participants (n=27)
identified ringed seals (natsiq) and their pups, but also other species of seals (including bearded
seals, harp seals, harbour seals) to be the main polar bear preys (Figure 16), together accounting
for approximately 75% (range: 64-90, n=3) of polar bear overall diet according to contributors from
Kimmirut (Figure 17). Additional polar bear preys consistently mentioned were: walrus, ducks and
bird eggs (including eider ducks and their eggs and seagull eggs), whales (including belugas,
narwhals and bowhead whales), fish (including Arctic char), plants and berries (including
seaweed, mountain sorrel [qunguliit; Oxyria digna], crowberries [paungaq; Empetrum nigrum] and
blueberries) (Figures 18 and 19). Preys or diet items that were occasionally part of the polar bear
diet were also mentioned and included: other polar bears, anthropogenic waste and man-made
items, caribou, dogs and Arctic foxes (Figure 16). In Kimmirut, the overall proportion of each prey
in the annual polar bear diet (Figure 17), the seasonality of prey availability (Table 5), and changes
in the availability of prey species (see ‘Changes in seal abundance and health’ section),
particularly seals, were also explored during group interviews.
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Participants from both communities reported that polar bears prey on live animals, but also feed
from carcasses of harvested animals (particularly belugas and narwhals) and whale carcasses
that have washed ashore (particularly bowhead whales). Importantly, a majority of contributors
from both communities highlighted that nanuq is a highly adaptable and opportunistic predator
that can “eat anything”.

“The bears can live a long time, they are good hunters and they are able to adapt. They
can eat anything not just ringed seals, seaweed, [other] seals, berries. Those are [all]
possible foods that [polar] bears can eat.” (Sandy Akavak, Kimmirut)

“They will eat anything. They eat all types of seals and even walrus. They eat fish, they
eat anything...they eat berries, anything. They could eat even other bears and sometimes
when they are coming into communities they would start eating dogs.” (Itee Temela,
Kimmirut)

“Their main meals are seals, walrus and whale carcasses. They eat berries and plants. |
have seen a bear that had a whole bunch of plants in its stomach, you know those sour
plants [mountain sorrel], they look like sugar cane but they are sour. This is what they love
to eat. They eat fish too. We left a whole box of chocolate in our cabins, the bears came
and eat them all...they like eggs very much too, and now and then they will have also the
ducklings and the adults that cannot fly.” (Eliyah Padluq, Kimmirut)

“[Polar bears eat] seal, walrus, whale too if they can get close enough, fish. Those are the
main ones, | think, but seals are the most common preys, any kind of seals...[As for fish],
they eat mostly char. They go to a river and when the fish are going upstream they would
catch them. That would be in August, when the dark season starts.” (Anonymous 02,
Kimmirut)

“I've seen polar bear eating walrus, bearded seal, ringed seals and dead carcasses of
bowhead whales, whale meat after the hunters have hunted whales. | think they eat
anything they can get their hands into...I havent seen a polar bear eating a polar bear
[except] when we went bowhead hunting in 2013...There was a big polar bear just starting
to eat up a male polar [bear]. That’s the only time I've seen that.” (Johnny Mike,
Pangnirtung)

“l saw a polar bear [that had] just killed a caribou in 1995 when | was caribou hunting.”
(Abraham Keenainak, Pangnirtung)

“[Polar bears] also eat berries, blackberries and blueberries in the summer and seaweed
quite a bit.” (Simeonie Keenainak, Pangnirtung)

“l dont know what they don’t eat...polar bears eat anything.” (Leesee-Mary Kakee,
Pangnirtung)
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Figure 16. Polar bear preys or diet items identified by individual interview contributors from Kimmirut and
Pangnirtung (n=27). Arrow thickness indicates frequency of mention by participants with thickness
increasing with number of participants (n) who mentioned the prey/diet item.

Participants from Kimmirut explained that polar bear diet varies seasonally throughout the year
depending on prey availability and the specific ecology and phenology of prey species. For
example, while polar bears consume ringed seals throughout the year (and especially in March
and April when ringed seal pups are born), they will only prey on ducks and bird eggs during the
summer months. Table 5 describes the seasonality and availability of various polar bear prey
species around Kimmirut.
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’4 [l Ringed seals - 47% (range: 25-80)

’4 [ Bearded seals - 14% (range: 10-20)

4 [ Harp seals -12% (range: 0-20)
év [7] Ducks and eggs - 7% (range: 4-10)

‘ B Walrus - 6% (range: 1-10)

< [ Fish - 5% (range: 2-6)

v B Belugas - 4% (range: 1-5)

,4 Il Harbour seals - 2% (range: 0-7)

Q) W Seaweed - 2% (range: 1-2)
+&¢ [l Other plants and berries - 2% (range: 1-3)

«®, Wl Bowhead whales - 1% (range: 0-3)

Figure 17. Relative proportion of preys in annual polar bear diet in the Kimmirut area. Percentages were
derived from proportional piling exercises with three groups of contributors from Kimmirut (n=3; totalling
eight participants). Each group reached consensus on the relative proportion of each prey item within the
annual polar bear diet. Final percentages were calculated using mean values across the groups. Some
polar bear preys/diet items identified by participants during individual interviews (i.e., narwhal, other polar
bears, anthropogenic waste, caribou, dogs and Arctic foxes; see Figure 16) were not included in this figure
as group interview contributors considered their importance to be marginal in the diet of polar bears of the
Kimmirut area.

Kimmirut contributors also commented on changes in the abundance trends of some polar bear
preys. Importantly, they highlighted a major decline in local ringed seal abundance (see ‘Changes
in seal abundance and health’ section) which may contribute to explain variability in responses
related to the relative proportion of ringed seals in the annual polar bear diet (see Figure 17, data
range: 25-80). Participants also noted that beluga whales may have slightly declined in recent
years while the number of bowhead whales seems to have increased in the area. Within the past
five years, some had also observed a local decline in eider duck abundance with fewer nesting
birds and colonies that have moved. Contributors reported that polar bears were increasingly
preying on eggs in eider duck colonies. They also mentioned that one eider colony located in the
Middle Savage Islands was displaced by walruses in recent years. Finally, contributors mentioned
that the seasonal presence (from spring to summer) of orcas appears to have increased in the
Kimmirut area within the last five years. They further explained that when orcas are in the area,
seals and whales —which are their targeted preys— move into shallow waters to escape the orcas
but in turn become more accessible to other predators, including humans and polar bears. All
these important observations provided by knowledge holders contribute to better understand the
complexity and interconnectedness of the ecological system, and how nanuq is situated within
this system.
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Table 5. Seasonality of some polar bear prey species present in the Kimmirut area according to contributors
from Kimmirut. For each season, early phases can be identified (early winter, early spring, early summer
and early fall) and are represented by the lighter colour bars. For each species, grey bars represent
presence or availability and white bars indicate absence; information of interest is highlighted in dark grey
bars. Fu: sea ice freeze-up; bu: sea ice break-up.

Winter Spring Fall

Dec Jan Feb Mar Apr May Jun July Aug Sep Oct Nov

bu fu

Ringed seal Pups

-af
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Pups
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Eider ducks é@ —— Nesting

Arctic char e Running up river ___

Feeding behaviour

Contributors who discussed polar bear feeding behaviour explained that polar bears are effective
seal hunters on sea ice but also on the land and in open water. Polar bears are tactical when
hunting seals modifying their hunting techniques depending on the specific hunting environment
(seaice, land, or open water). It is important to note some contributors also pointed out that some
polar bears are better hunters than others “just like for humans”, meaning that polar bears are not
all equally able to be effective hunters in every situation.

“Polar bears are really good at sea ice hunting for seals, and also in open water and on
the land too for sure...I| have experienced just once [seeing] a polar bear catching a
[ringed] seal through a [breathing] hole on the sea ice...When that seal came up to breathe
the female polar bear cut that seal hole with its front paw...It cut off the nose of the seal
along with the ice. When [the seal has such an injury on the nose] it cannot dive. So the
polar bear technique was to [injure] the nose of the seal so it could not go underwear
anymore. It caught the seal with this strong jaws, it grabbed its head and pulled the whole
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seal through a head sized hole. There is an old saying that says ‘a polar bear can pull out
an entire seal out of a head sized seal hole’ and | witnessed that one time.” (Johnny Mike,
Pangnirtung)

“Polar bears can float anywhere in the water and seals think theyre a piece of ice. They
wait for seals to come to them, acting like they'e ice. Since theyre white and they look
like ice, some seals believe that it’s a piece of ice and go to them.” (Lazarusie Ishulutaq,
Pangnirtung)

“They catch their prey in the water. They pretend to be ice to catch seals. They are
professional hunters.” (Isaac Temela, Kimmirut)

“l know that the bears could eat their catch in the water. Bears could eat anywhere they
are comfortable. Some bear would drag the seal up to the land to eat it [on the land] and
some would eat their catch in the water right there. | have seen bears eating seals on the
land.” (Eliyah Padluq, Kimmirut)

Some patrticipants reported that polar bears prefer to feed on fat from seals and sea mammals.
They also noted that bears will only eat meat “if they are really hungry” and tend not to consume
the bones of their preys.

“Once we came across a bear that had killed a seal and that bear...seems to have just
ate the fat of the seal so | was thinking, | guess, they eat more the fat than the meat of a
seal”. (Akeego Killiktee, Kimmirut)

“When [bears] are fat they rather eat fat of other animals. If they are really healthy they
eat some of the fat and leave the rest of the carcass behind.” (Peter Kanayuk,
Pangnirtung)

“Polar bears eat fat. They can kill seals, they dont eat the meat, just the fat. They eat meat
only when there’s no other [food]...Last week my brother shot a polar bear. | checked the
stomach and there was nothing but fat, just like oil, a little bit of skin there and there. The
polar bears don't chew bones, they dont. You can see the dead seal with all the bones in
them...[Bears prefer] fat, seal fat or any sea mammal fat like whale fat, bearded seal fat,
walrus fat.” (Simeonie Keenainak, Pangnirtung)

“[Polar bears] have big teeth, but they don't eat bones. Even if it’s a fish, they wont eat
the bones...They only eat the meat of the fish, they leave the bone and the head.” (Leopa
Akpalialuk, Pangnirtung)

Four contributors indicated that polar bears can camouflage themselves when hunting for seals
on the land in summer.

“When polar bears hunt seals in the summer, they cover themselves with mud to blend in
with their surroundings, and get the seals as they are lying on rocks. They hunt seals in
the summer too without ice. Because the seals in the lovely days they usually sit on top of
the rocks when there’s no ice, and the polar bears hunt them.” (David Kooneeliusie,
Pangnirtung)
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“In the summertime, some [polar bears] can also make themselves dirty to
camouflage...Polar bears are capable of camouflaging themselves, rolling around dirt and
mud to [disguise] their white presence. | have seen a bear that looked almost like a rock.”
(Ejetsiak Padlug, Kimmirut)

When commenting on polar bears preying on ducks and eggs, some participants who had been
picking eggs around their community noted that while this was not a new phenomenon, there has
been evidence that more bears are feeding in duck colonies nowadays. Up until 2019 (when
interviews were performed) this phenomenon seemed to be a function of the increased number
of polar bears present in the area —which determined an increasing pressure on resources
overall- rather than resulting from a change in polar bear prey species or dietary habits.

“When | was younger, | have heard my father talking about polar bears that were upon the
bird colonies nesting grounds. When [hunters] go egg hunting sometimes there would be
[egg] shells on those islands. Although at that time, when | was younger, there were not
many bears to be seen or many bears to be heard of. [But | remember] my parents and
my father talking about bears upon those islands going after eggs.” (Akeego Killiktee,
Kimmirut)

“[Bears] have seen [bears disturbing bird colonies] you know. It’'s already been disturbed
a lot really badly by polar bears eating eggs like from eider ducks eggs...It's always
probably been ongoing for so many years but people seem to be noticing that more today.”
(David Kooneeliusie, Pangnirtung)

A total of seven contributors (n=5 in Pangnirtung; n=2 in Kimmirut) had either directly observed
polar bears feeding on other polar bears or heard reports of cannibalism from other community
members.

“Some [polar bears] eat polar bear meat...The hungry ones would hunt another polar bear.
| have seen the polar bears with the young ones run away from other bears. In summer
and winter, | have seen them. We saw them running [and thought] why are they running?
All of a sudden, there’s something behind: a bigger bear is after them.” (Peter Kanayuk,
Pangnirtung)

“There are so many polar bears, now, some of them attack other polar bears and kill them
and eat them because there’s not enough food...I saw a dead polar bear attacked by
another polar bear. That must not be the only one, there should be more than that; [but] |
saw only that one.” (Lazarusie Ishulutaq, Pangnirtung)

“When there was a bowhead whale hunt in 2013, there was a polar bear at the site where
the bowhead whale was killed. It was eating another polar bear. | didnt see it [directly],
but it was on the pictures [from the bowhead hunt].” (Abraham Keenainak, Pangnirtung)

“I havent seen a polar bear eating another polar bear. [Although once] we saw a polar
bear eating on the carcass [of] a bear we [had harvested and] skinned the [previous] day.”
(Anonymous 02, Kimmirut)

In both Pangnirtung and Kimmirut, contributors had not observed any significant change in polar
bear diet items over time, except for anthropogenic waste. Some noted that polar bears feeding
on garbage and other man made items is a recent phenomenon. A total of seven participants
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(n=5 in Kimmirut; n=2 in Pangnirtung) had directly observed anthropogenic waste or man-made
items in polar bear stomachs while checking polar bear stomach contents (see also ‘Antropogenic
waste and other unusual observations’ section).

“When we open the [polar bear] stomach, we find ringed seals or their pups, more likely
we see ringed seals or any kind of food they have eaten. | have seen some bears, not a
lot, but | have seen some bears that had come into town that had garbage [in their
stomachs].” (Anonymous 01, Kimmirut)

“[Polar bears] go to the dump, that’s never happened before. Even here sometimes in the
fall they go to the dump and anything they can get, they eat...A few years ago we saw a
polar bear at the dump in the fall.” (Peter Kanayuk, Pangnirtung)

Changes in seal abundance and health

While all individual interview participants (n=27) identified ringed seals or seals in general as
primary polar bear preys, many contributors had also observed and commented on changes in
seal abundance and health over their lifetime.

In Kimmirut, all contributors who commented on changes in ringed seal abundance (n=11) during
individual interviews reported a decline in ringed seal abundance occurring within the last few
decades.

“The number of seals has really declined. In our harbour here, there used to be hundreds
of seals on top of the newly formed ice. Now, | don't see [them] anymore. Our seals are
the ringed seals. | have noticed this in our harbour in the past ten years...because bears
are coming from the west. In the last five years the ringed seals have really declined in
this area.” (Joe Arlooktoo, Kimmirut)

“[Polar bears] are healthy. Their numbers are up and there is food for them. It does not
seem to be as many seals as before though, lately, in the past few summers. Before there
used to be hundreds and hundreds of seals but you dont really see that anymore. | have
noticed this in the past ten, 15 years...and the seals are skinny and not very healthy.”
(Anonymous 02, Kimmirut)

Participatory exercises conducted during group interviews held in Kimmirut also pointed to a major
decline in ringed seal sightings over time, a substantial increase in harp seal sightings, and no
change in the number of bearded seals encountered (Figure 18: plates A, B and C). Groups
interviewed reported that ringed seal abundance had declined by 80% (range: 80-80) since 1960,
and that harp seal abundance had increased by approximately 65% (range: 50-80) since 1950
(Figure 18: plates A and B). Narratives were highly consistent across the three groups. The
coupling of seal and polar bear abundance trends obtained from group interviews conducted in
Kimmirut (Figure 18: plate D) further illustrates that while contributors reported a 92% (range: 90-
95) increase in polar bear relative abundance over the 1960-2019 period within their area of
observation, ringed seal relative abundance (polar bear main prey) had declined by 80%
(range: 80-80) over the same time period.
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Figure 18. Relative proportion of ringed seal (A), harp seal (B) and bearded seal
(C) observations/encounters between 1940 and 2019 and summary of polar bear and seal trends (D) as
observed by Kimmirut contributors during group interviews. This information can be used as a proxy for
seal relative abundance in the Kimmirut area. Information presented is based on interviews with three
groups of polar bear hunters from Kimmirut (n=3; totalling eight participants). Data points were obtained
from proportional piling exercises; each group of participants reached consensus on the relative proportion
of seals they had observed over time for each species (see Appendix 5 for details). The dashed black line
is the mean value. Polar bear trends presented in (D) are the same as those presented in more detail in
Figure 9.

Although quantitative information on relative abundance trends for specific seal species is not
available for Pangnirtung, many individual interview participants provided qualitative observations
on changes in seal abundance around Pangnirtung. Similar to Kimmirut, there was a strong
consensus that the ringed seal population around Pangnirtung had declined in recent decades.
All contributors who commented on ringed seal abundance around Pangnirtung (n=13) reported
a decline with the earliest observation of this phenomenon dating back to the 1980s. Regarding
bearded and harp seal abundance trends, individual interview results were inconclusive as
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guestions related to bearded and harp seal abundance were not asked systematically and only
two contributors offered contrasting observations. Additional group interviews would be necessary
to further document directionality and magnitude of local seal abundance trends in the
Pangnirtung area.

“Ever since | was young, it seems [ringed seals] have declined somewhat. [I] go out
hunting all the time, like every month, every week, and [I] see less and less [seals] every
year...In the last 10 or 15 years | say [ringed seals have declined]. Right now, [there is]
hardly any young seals in this area...So many polar bears hunt them every year. So seal
started to move out somewhere else. If the seals lose their young ones every year, they
wont stay in the same area. Theyll move away.” (Peter Kanayuk, Pangnirtung)

“Now, here, there’s not as much [ringed] seals, anymore. Because polar bears are here
hunting [them]...There are so much polar bears, now, they’re hunting a lot of seals. So
people arent catching as much seals as they used to.” (Lazarusie Ishulutaq, Pangnirtung)

“Because there’s too many polar bears eating the seals, there’s not many seals
anymore...All kinds, any type, even if it’s an adult, even if it’s a mother, if it’s a ringed seal
or bearded seal, it doesn’t matter.” (Leopa Akpalialuk, Pangnirtung)

“There are a lot less ringed seals since | was a boy. [Now] we get more harp seals but
they stay in the summer only and they go back to Newfoundland in the winter... and there
is about the same [number] of bearded seals [compared to when | was a boy], some years
more some years less but it is normal [fluctuation].” (Simeonie Keenainak, Pangnirtung)

During individual interviews, contributors from Pangnirtung and Kimmirut offered various
explanations as to why they thought ringed seals had declined in recent decades around their
community. Potential causes of decline cited by participants included: increase in polar bear
predation, especially around ringed seal pupping areas (n=11); increase in local community
harvest (n=3); ringed seal emigration into other areas (either following preys or due to
displacement by other species) (n=3); increase in maritime transport (n=2); lack of sea ice (n=1);
warmer ocean waters associated with climate change (n=1); increase in fox predation (n=1) and
changing winds (n=1).

“The population of polar bear has grown so much and | believe there are a bit too many
now to sustain the seal populations. The seal population has declined very much over the
last 40 years, 30 years because of the increase in polar bear population.” (Johnny Mike,
Pangnirtung)

“All | can say is that there’s more of the people hunting and with more noise today. They
got better equipment and polar bears are also really harvesting them, like pups. More polar
bears. More seals like being killed and today foxes are not being trapped. Nobody’s doing
trapping anymore. Also, [foxes are] better hunters than polar bears for seal pups. Polar
bears, people, foxes. Everybody’s going after the seals. That’s why the numbers go down.”
(David Kooneeliusie, Pangnirtung)

“I think that [ringed seals] had declined because of the global climate change. [Ringed]
seals are more comfortable in in cold waters. | think that they are searching for cold waters
and | suspect that the decline [is noticeable] in warmer waters [because of] climate
change.” (Ejetsiak Padluq, Kimmirut)
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“Especially in the fall there used to be hundreds of [ringed] seals and you could almost
see them everywhere during their mating season. But we have also seen these man made
[devices] that drive away wildlife because of the ship traffic. We have seen a few of those
around town and maybe [this] has something to do with [declining seals]...[These devices]
make sounds to scare away the wildlife...That’s what the shipping companies or
somebody put in the ocean. We have seen them close to town...That is what some of us
think, [that these devices] are driving away the marine mammals. We thought that those
devices in the ocean were one [cause of decline] but, | dont know, maybe another reason
could be less ice...One Elder said that seals seem to want to go against the wind and we
have been getting quite a bit of south wind in the past years. That one Elder thought that
the seals tend to want to go against the waves or against the current or tide. | heard him
say that one time but he is no longer with us...a very knowledgeable Elder. So [ringed
seals] may be going to different areas. If we keep getting the south wind [ringed seals]
may be going somewhere else. That is what he was thinking: out in the open ocean or
closer to Quebec or Labrador...[Before] we used to get more north wind.” (Anonymous 02,
Kimmirut)

In addition to discuss seal abundance, contributors commented on seal health. While five
participants had not seen any changes in seal health over time (n=3 in Pangnirtung; n=2 in
Kimmirut), nine contributors (n=5 in Kimmirut; n=4 in Pangnirtung) described abnormalities
observed in ringed seal fur over the last 20 years, including fur loss (alopecia) and molting lasting
longer than usual. One contributor from Kimmirut observed alopecia also in bearded seals and
reported a case of severe fur loss in an adult bearded seal in which the animal appeared
completely without fur and lethargic. Furthermore, three participants (n=2 in Pangnirtung; n=1 in
Kimmirut) reported that ringed seals are now skinnier than they were in the past. One contributor
highlighted that unusual molting patterns could be related to an increase in ocean temperatures
and possibly other changes (e.g., salinity). Others explained that because sea ice break up is now
occurring earlier, seals spend less time on the ice and more time on the shore, which can impact
fur molting and growth. We note here that the topic of seal health was not explored in depth during
interviews. Additional interviews would be required to document the extensive 1Q available on this
subject.

‘[Ringed seals] have always being good, there is no difference. Now and then, it is the
same thing as any other animals, they would either being skinny when they are supposed
to be fat or they are sick when they are not supposed to be sick. It is the same thing as in
any other animals.” (Jeannie Padluq, Kimmirut)

“I am noticing a change in the condition of the seals that | have seen within my lifetime. A
lot of them are losing fur and at one point | have noticed that the whole seal had no fur
and | think that this is due to climate change...this was maybe in 2002. | have seen this in
seals that are in between young seals and adults...Fur loss could be anywhere on the
body. | have noticed it more in the summer and have only noticed it in ringed seals...The
meat and the fat of the seals are always good.” (Ejetsiak Padluq, Kimmirut)

“Sometimes | would notice that the seal has fur but then it has some sort of oil on the fur.
Ringed seals are likely to have less fur and if they do have fur we have been noticing
grease or some sort of oil. This is mainly in summer time, the boating season. | have
noticed this in seals that are in between an adult and a young...the seals are in pretty
much normal health except for the fur condition. | would not know why [seals] are like this.
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”

I have started to notice the first seals with these fur conditions about ten years ago.
(Sandy Akavak, Kimmirut)

“We have seen [ringed] seals that we shot with no fur on their back or on their belly but
we still eat them considering that when we cut them up they look healthy inside. That could
be [caused by] being on rocks and rubbing on to them. That is what | think but | dont
know. | see it very rarely and | see it in the summer [not in the winter]. | haven't seen other
seals that are like that [apart from ringed seals].” (Jawlie Akavak, Kimmirut)

“Some of the ringed seals don’t change their fur properly every year...because [seq] ice
breaks up too early. To change the fur, ringed seals have to go on top of the ice. If one
year there is not enough ice or it breaks up too early they don't have time to change their
fur so they have two furs: the old fur that keeps shedding and the new [fur that] starts to
grow. We call them maqoalik, two hair’ [seals]... There are more [two hair’ seals] now. It
used to be [that] maqoalik [were seen] only in the springtime, when they start to lay on top
of the ice...That is the time when there are two hair’ [types] on them: the old and the new
growing hair. They are skinny then because they dont eat anything when they e lying [on
the ice] for almost two months. When they go in the water with the new hair, brand new,
they are fattening up, theyre eating. They're starting to be fat...| see maqoalik throughout
the summer and the winter and it used not to be like that...The ice started to break up a
lot earlier than it used to do. Like maybe a month earlier or a month and a half...I feel
sometimes that the water is warm because we dont get the ice like it used to be... Now,
ringed seals are usually skinnier than used to be. [In the] winter, ringed seals they are
always fat. Right now, even in winter, some seals are skinny. At the floe edge [when] we
shoot them, they sink under water.” (Peter Kanayuk, Pangnirtung)

“The fur of ringed seals might be a little different because they have to stay on top of the
ice to sun tan to get new fur. If there is less ice, the fur doesnt molt properly. Inside the
animal there is an organ [spleen] that looks like a liver attached to the stomach...and every
year it gets red and big in certain times of the year. When [the spleen] is swollen and
becomes red that is when the [ringed] seal wants to be on top of the ice and the fur starts
fo get loose...| am not a scientist but | know because every year | get [ringed] seal to eat
and | notice any little changes that happen in the body of the seal in the different seasons.
That organ [spleen] normally has a bluish dark color and it’s thin, but at certain times of
the year [it can get] swollen and turn with blood inside. When that happens, the [ringed
seal] fur starts to brown and get loose. But the seal has to rub himself on top of the ice to
help get rid of that old fur. And when that happens, [ringed seals] dont want to eat. The
stomach is completely empty for two months and they lose weight. This is in June, July.
As soon as the ice is all gone in fjords and the seals have new fur on them they then
disappear down to Davis Strait to feed on the shrimps and they stay there up until October
and they are fat when they come back...So when they have new fur on, they all move.
Well, not every single one of them move but | would say 90% of the [ringed] seals go out
to the deeper ocean where they can find the shrimps. Since we get a lot less ice, we get
more skinny seals in early summer...We lose more seals [when we hunt them] in the
summer. When we shoot them in the summer they have no fat on them [so] they drown.
We see also some seals with no fur on them because they go on rocks to sun bathe if
there is no ice. Rocks are not like ice so when seals move around they lose the fur plus
the nails, they dont have sharp nails anymore. | have started to notice these changes
since 20 years ago, since the ice has started to melt earlier.” (Simeonie Keenainak,
Pangnirtung)
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Despite the observed local decline in ringed seal abundance and reported changes in seal health,
contributors generally indicated that polar bears have broad diets and that they can adapt to
changes in prey availability. Many indicated that they were not concerned about polar bear
persistence related to changes in local prey availability; however, some participants also
acknowledged that if ringed seals remain scarce, polar bears could move to areas where ringed
seals and other suitable preys are more abundant.

General health and body condition status

Polar bear health indicators

During individual interviews (n=27), contributors from both Kimmirut and Pangnirtung shared
information about what they are looking for (indicators) to assess the health of individual polar
bears, how they assess these indicators, and when. Polar bear health indicators discussed
included: polar bear fatness (n=22); behaviour and movement (n=18); fur and/or hide colour and
condition (n=15); meat/fat colour, smell and taste (n=7); stomach contents (n=3); teeth condition
(n=1); and appearance of internal organs (n=1). Contributors also reported using direct and
indirect measures (or metrics) for assessing these indicators, particularly to determine fatness of
individual polar bears. Some of these metrics may be useful as early warning signs of impending
population changes. Participants assessed the health of individual polar bears both before
harvesting (while observing live polar bears on the land) and after harvesting (during butchering,
hide processing and consumption of harvested bears). Figure 19 describes in detail polar bear
health indicators mentioned by contributors, as well as how these indicators are assessed.
Table 6 provides a summary of the polar bear health assessment process, including stages at
which each indicator is assessed.

Importantly, participants reported assessing the health of individual polar bears holistically,
employing multiple indicators and adapting their scale of assessment to take into account
seasonal variability in polar bear condition. However, contributors highlighted that fatness was
the indicator that most reflected the overall health of individual polar bears as it correlates with
many other indicators. Seasonal variability, and in some instances also geographic variability, of
indicators were important observations made by contributors, highlighting that the assessment of
the health of individual polar bears needs to take into account such variability.

Contributors explained that assessing the health status of individual polar bears was important to
them as it guided their polar bear harvesting and consumption decisions. Many noted that they
preferred harvesting and consuming ‘healthy’ polar bears that provide good quality meat and
hides.

“[l know when a bear is healthy] by observing the bear: if it is fat it seems to be healthy. |
tell people who go harvest bears to only get bears that are fat and not to harvest bears
that seem skinny.” (Kooyoo Padluq, Kimmirut)

“[To eat] we prefer a fat polar bear [rather] than a skinny one. The skinny ones are not so
healthy so they are not very good to eat.” (Anonymous 02, Kimmirut)

“We were able to tell that the one that | caught was healthy because of how much fat it

had on it. It was chubby, you could say that. And also the coat was very white.”
(Anonymous 04, Pangnirtung)
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Table 6. Polar bear health indicators and their associated assessment stages according to contributors
from Pangnirtung and Kimmirut (n=27).

Polar bear health assessment stages

* Observing live polar bears during polar bear
harvesting or other land-based activities
(performed by men and women).

Pre-harvesting
Post-harvesting

* Butchering harvested polar bears on kill sites
(mainly performed by men).

* Cleaning and processing polar bear hides in
the community (mainly performed by women).

Polar bear health assessment stages

Food sharing, preparation and consumption

()]
(3]
 Sharing, cooking and consuming polar bear 3
meat and fat in the community (performed by kS
men and women). S o
) £
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Indicators O|lm| T
Fatness | v | v |V
Behaviour and movement | v/
Fur colour and condition | v/ | v | vV
The heglth of an |_nd|V|duaI pplar bear is Stomach contents v
determined holistically by using various —
indicators at multiple stages. Internal organs condition v
Teeth condition v v
Meat and fat colour, smell and taste v v |V
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Figure 19. Summary of pre- and post- harvesting indicators employed to assess the health of individual
polar bears and their specific assessment metrics according to contributors from Pangnirtung and Kimmirut
(n=27).

Polar bear health indicators

Pre-harvesting
indicators of health

——= Fat polar bear = Indicates good health
— Skinny polar bear = Indicates poor health

Post-harvesting
indicators of health

Fatness

+—— Fat polar bear = Indicates good health
L Slkanny polar bear = Indicates poor health

Shape and weight (direct assessment) - Fat bears
have a round belly and thick limbs; skinny bears have
a more apparent bone structure, long neck and thin
limbs.

Track shape (indirect assessment) — Fat bears
drag their feet and leave claw and fur marks.

Carcass fatness — Healthy bears are big and fat;
unhealthy polar bears are skinny.

Ease of hide cleaning — Hides from fat and healthy
bears are easier to clean than hides from skinny
bears; however bears harvested in fall are more
difficult to clean, even when they are fat.

Scat appearance (indirect assessment) — Fat
bears will have runny droppings; droppings from
skinny bears will be more compact.

Seal carcass condition (indirect assessment) —
Skinny and hungry bears will eat seal meat as well as
fat; fat left on seal carcasses can indicate good bear
health.

Behaviour and movement

Movement — Bears that are fast and energetic are
healthier than slower bears; however, fat bears can
move and run slower than skinny bears due to their
weight.

Human/bears interactions — Bears that interact with
humans may be hungry or aggressive which can
indicate poor health.

Fur colour and condition

White and clean fur - Indicates good health*.
Yellow and dirty fur — Can indicate poor health™.
Thick leg fur — Indicates good health.

* There ig natural and seasonal variability in fur colorand
condition which may not relate to health.

Hide colour and condition

Stomach contents

White, clean, thick fur — Indicates good health®.
Yellowish fur — Can indicate poor health®

* There is natural and seasonal variability in fur colorand
condition which may not relate to heaith.

Fat — Presence of liguefied fat indicates good health.
Seal meat — Presence of seal meat indicates hungry
bear.

Garbage — Can indicate extreme hunger and/or poor
health.

Internal organs

Lesions or abnormalities — Can indicate poor
health.

Broken or missing teeth — Can indicate poor health
and/or old age.

Meat and fat colour, smell and taste

Meat colour — Pale meat can indicate poor health.
Fat colour — White fat indicates good health; yellow
fat may indicate poor health.

Meat and fat smell and taste — Good taste and
smell indicates good health.




Body condition (fatness)

Fatness was consistently used by contributors as an integrated indicator of polar bear health
(n=22). Fatness was considered by contributors as a synonym of health, with fatter bears
consistently described as healthier bears. Participants indicated that fatness could be assessed
using direct but also indirect measures or metrics (Figure 19). Metrics used could provide a
measure of fatness at the individual or population level (e.g., visual assessment of polar bear
roundness and visual assessment of degree of consumption of seal carcasses, respectively).

Fatness can be determined directly by looking at a polar bear shape (roundness) and weight.
When commenting on a standardized polar bear fatness scale conventionally used for in polar
bear research in Nunavut, contributors further identified ‘unhealthy’ versus ‘healthy’ levels of
fatness for individual polar bears (Figure 20).
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Figure 20. ‘Unhealthy’ versus ‘healthy’ levels of fatness of individual polar bears classified based on their
body condition status using the fatness index on a 1 to 5 scale developed by Stirling et al. 2008. Polar bear
categories and drawings of body types are sourced from the Polar Bear Body Condition Index Card used
by the Government of Nunavut, Department of Environment (Government of Nunavut, n.d.).

“The healthy polar bears are nice and fat, while unhealthy polar bears are usually very
skinny...Heathy males show the belly nice and fat.” (Johnny Mike, Pangnirtung)

“The size and the width [indicate health]. You know, if [a polar bear] has a long big belly
hanging out it’s healthy.” (David Kooneeliusie, Pangnirtung)

“If you see a polar bear from the distance, you could tell if it is fat and healthy or skinny. It
is very noticeable to see how it looks. The healthy bears are big and fat. A fat bear has its
stomach almost touching the ground while walking, while a skinny bear has just skin and
bones. It is very noticeable.” (Itee Temela, Kimmirut)

“l have seen all kinds of bears, the ones that are healthy are normally the fat healthy bears.
And the skinny ones, when you see and observe them you can tell that they are not healthy
bears, just by seeing them...When you see a skinny bear you can see the bones sticking
out on the body and they are not healthy.” (Jeannie Padluq, Kimmirut)
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“One good way to tell [if a polar bear is healthy] is by [assessing] its weight and its fat[ness].
[If it is fat], you know, [this means that the bear] has been catching preys like seals and
other game. When it is fat, we know it is healthy. The hair is good and it is a young healthy
bear hunter that would catch preys. That is one sure way to tell whether a bear is heathy
or not: when it is fat.” (Anonymous 02, Kimmirut)

Some participants from both communities indicated that fatness could be determined also
indirectly by looking at the shape of polar bear tracks. In particular, fat polar bears tend to drag
their feet which is reflected in tracks with dragging marks (Figure 21). One contributor explained
that these types of polar bear tracks are typically seen in the spring.

Tracks of a fat polar bear

‘Healthy

bear track” L\_\\\\\

B 5

A

Figure 21. A: Schematic by Sandy Akavak representing a typical polar bear track with dragging marks
indicating a ‘fat’ or ‘healthy’ bear; B: picture of polar bear tracks on the frozen ocean (courtesy of David
McGeachy).

“I would know by looking at the footprints whether a polar bear is healthy and fat or [if] it is
skinny. You can tell by looking at its footprints...As it walks along, a healthy fat bear would
drag along the fur and a bit of the claws. | would be able to tell if it was a fat, healthy bear.
If it was skinny bear it would not show the same dragging marks. It would be just the
footprint without the dragging marks. | can also easily tell by its appearance...If the polar
bear is fat | would notice the jiggle [of the fur] and the fur of the legs would also likely be
thicker. | would be able to tell if a polar bears is skinny or not by looking at its joints, the
high parts of the animals where there is less meat [the shoulders and the hips]. In skinny
[polar bears] those joints would likely be showing...l would be able to tell also by looking
at its neck. In a skinny bear, the neck is really narrow and long and its limbs would be
thin.” (Sandy Akavak, Kimmirut)
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“I can tell by the tracks. When theyre healthy, theyTe kind of drag their paws. It’s really
fun when you can tell they are big by [looking] at their paws...Since | was a little boy, | was
told that when they are dragging [their feet] it’s a big polar bear. But when they'e not
dragging and [leave] just perfect paw [marks] then that’s when it’s always skinnier.”
(Lazarusie Ishulutag, Pangnirtung)

One contributor indicated that the appearance of polar bear scats could reflect fatness and overall
health of a polar bear, although he also added it extremely rare to find scats. In particular, scats
of ‘healthy fat’ bears is runny as polar bears eat mostly fat, while ‘unhealthy skinny’ bears will
have more compacted scats. We note that, while these observations are important for the broad
understanding of health indicators and their multiple measures of assessment, given the
difficulties in finding polar bear scats on the land this metric is less suitable for the systematic
monitoring of polar bear body condition status.

“The droppings of a healthy bear would likely be runny as opposed to a skinny bear that
would have the droppings a bit more compact.” (Sandy Akavak, Kimmirut)

Other two participants mentioned that the degree of consumption of a seal carcass preyed upon
by a polar bear provides indirect insights on the level of hunger of that polar bear, which in turn
relates to its body condition status and overall health. They explained that finding leftover fat on
seal carcasses could indicate the presence of fat and healthy polar bears, while seal carcasses
on which both meat and fat have been consumed could indicate the presence of skinny and
hungry polar bears. Assessing the degree of consumption of seal carcasses in an area could
therefore provide additional information on the nutritional stress that the local polar bear
population may be subjected. We believe this measure of assessment may be well suited to serve
as an early warning signal for changes in the local polar bear population.

“If [olar bears are] really healthy, theyl eat some of the fat and leave the carcass behind.
They just eat the fat, mostly fat.” (Peter Kanayuk, Pangnirtung)

“If theyre really hungry theyll eat [seal] meat too but they’ll go for just the fat...first.
Sometime when you open the gut of a polar bear mostly you can see it’s liquid, just the
fat.” (David Kooneeliusie, Pangnirtung)

Finally, participants reported that polar bear fatness can be assessed while observing live polar
bears on the land, when butchering harvested bears on kill sites but also during polar bear hide
processing. Women specialized in polar bear hide processing highlighted that polar bear fatness
can be determined based on ease of hide cleaning. They explained that polar bear body fat
content is reflected in how difficult it is to scrape fat off a hide: hides from skinny bears are more
difficult to clean than hides from fat bears. However, one contributor also explained that the hides
of polar bears harvested in the fall tend to be more difficult to clean than those harvested in winter,
even when they are fat. This last comment highlights natural seasonal variability that has to be
taken into account when utilizing specific assessment metrics.

“When I'm cleaning the skin that’s when | know [if the bear was fat]...It’s harder to scrape
the excess fat from the skin [if the bear] was not fat...When [a bear is] healthy it’s easy to
scrape off the fat and the fur is white.” (Meeka Alivaktuk, Pangnirtung)

“If it is a skinny bear, the hide is harder to clean.” (Jeannie Padluq, Kimmirut)

71



“Hides of fat bears are easier to clean and skinny bears are very hard to clean and there
is more work to do because you are not scraping [the fat] but you are trying to cut through
it...Some of the bears harvested in the fall have less hair [in the paws area] because [the
bears] have been walking during the summer and part of the fall. In the winter their fur
grows back and [the paws] are easier to clean. | have done so many [hides] that | know
what they go through. And the bears that are harvested in the fall are dirtier than the bears
that are harvested in the winter and this has always been like this. Even if they are not
skinny, the bears harvested in the fall are a bit harder to clean than the bears harvested
in the winter.” (Akeego Killiktee, Kimmirut)

Behaviour and movement

Many contributors stated that how a polar bear moves and behaves is also an indicator of health
(n=18). In general, healthy bears are fast and energetic, whereas significantly slow movements
can be indicative of poor health. Some patrticipants indicated that fat bears can also move slowly
due to their weight.

“Sometimes you see very skinny polar bears that are not moving as heathy polar
bears...Just by the movements you can tell that they are not as healthy: they don't move
as fast as a healthy polar bear. It is a very lazy type of walk.” (Matiusie Maniapik,
Pangnirtung)

“The unhealthy ones will be like more slow or may limp.” (Geetee Maniapik, Pangnirtung)

“[l can tell if a bear is healthy] by looking at the way it moves. When they are fast when
they are start running, that is a healthy bear. | know that if it is a starving or unhealthy bear
they won’t move as quick.” (Akeego Killiktee, Kimmirut)

“It is pretty obvious, a healthy bear, it is more alive [and has] more energy compared to an
unhealthy one, which is skinny and slow. It is pretty easy to tell the difference by the
outlook appearance.” (Anonymous 01, Kimmirut)

“Healthy fat bears would run slower, and skinny bears would be a lot faster. A skinny bear
runs fast while a fat bear moves slow.” (Sandy Akavak, Kimmirut)

When discussing polar bear health, some contributors further noted that polar bears that interact
with humans and come near communities may be hungry and aggressive which could indicate
poor health. We also note here that when talking about ‘problem bears’ many contributors
mentioned healthy juvenile individuals that tend to be more inquisitive and aggressive (see
‘Human-polar bear interactions’ section).

“The polar bear that | have observed are healthy but the bears that are hungry are the
ones that tend to come to the community...The ones that come to the community some
are hungry but bears nowadays coming in the communities are more aggressive and
attack humans even if they are not hungry.” (Itee Temela, Kimmirut)

“If we see an unhealthy [bear] it is likely in the time when there is no ice, in the summer or

the early fall when there is no ice...l have seen both young ones and older ones that looked
unhealthy.” (Anonymous 01, Kimmirut)
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“When you see a polar bear that is not running away then it is not as healthy as the others,
it is hungry. Even if you scare it off, it keeps returning. That is a hungry polar bear.”
(Matiusie Maniapik, Pangnirtung)

Fur colour and condition

Fur or hide colour and quality was also identified as an indicator of polar bear health (n=15) which
can be assessed while observing live bears, as well during butchering and hide processing.
Contributors reported that white, clean and thick fur generally indicates good health while yellow
and dirty fur could be indicative of poor health.

“[Healthy bears have clean fur] because I think they move in ice and water when they're
healthy, they swim a lot and they clean themselves a lot.” (Simeonie Keenainak,
Pangnirtung)

“They are very noticeable when their yellow fur is not really healthy.” (Michael Kisa,
Pangnirtung)

“Sometimes they are dirty, sometimes they are clean. | would think that a good healthy
bear is clean, it is more white. [Unhealthy bears are] more dirty, not as white, and skinny
looking.” (Anonymous 01, Kimmirut)

We note that participants also reported natural seasonal and geographic variability in polar bear
fur colour and condition which may not relate to health. For example, one participant specialized
in processing polar bear hides explained that polar bears harvested in fall generally have dirtier
fur than those harvested in winter. A hunter also noted that polar bear fur is generally yellower in
summer when bears spend more time on the land. In addition, some participants highlighted that
fat stains on polar bear neck and head indicated that bears had been preying on large animals.
Others mentioned that bears may camouflage by covering in dirt and mud as they look for preys
on the land. Finally, one contributor mentioned that polar bears from the Pangnirtung area are
‘yellower’ than polar bears from the Qikigtarjuaq area, thus highlighting the geographic variability
of this indicator. Therefore, although related to polar bear health in some context, fur colour in
itself was not described as a definitive indicator of health.

“To us, anything that has an ugly looking hair, it’'s not healthy...[Unhealthy bears have]
very brownish colour of hair...Healthy [bears] look like fat and [have] really clean [fur].
Really nice, white...Sometimes they get brown hair in the neck area because they have
been eating fat, maybe bowhead whale.” (Peter Kanayuk, Pangnirtung)

“The younger it is, the more white. It’s not because bad health or good health...some are
really yellow even when they’re adult.” (Davidee Nowyuk, Pangnirtung)

“If the fur is really clean you can tell [the bear] has been eating good and if the coat is
really good [clean and white] you can maybe tell that the bear has been swimming out in
the ocean a lot... [But in the summer, when polar bears hunt on land they] look pretty dirty.
That is their way to camouflage themselves when they hunt on land so they won't be as
visible: they dirty themselves up in the mud when they hunt on land.” (Anonymous 02,
Kimmirut)

“A healthy polar bear has nice fur: all white, not too yellow. That’s a healthy bear. Yellow
ones or dirty [can be] healthy too.” (Isaac Temela, Kimmirut)
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Meat and fat colour, taste and smell

Polar bear meat and fat colour, taste, smell and overall quality was identified as an additional
indicator of health (n=7) that can be assessed during butchering, hide processing and/or during
food preparation and consumption. Contributors explained that white fat generally indicated good
polar bear health while the presence of yellow fat and pale meat suggested poor health. Good
meat/fat taste and smell were also perceived as a sign of good health.

“If the carcass of the bear looks good to eat, we won't waste it as long as the bear looks
healthy enough...if the carcass is fat enough and by looking at the colour of the meat. If
the meat has a good colour and it is not pale, it means it is a good meat, but if the meat is
kind of pale it does not look good and we won't eat it...[l can tell] if a bear is healthy by its
look, and the taste and smell of its meat.” (Itee Temela, Kimmirut)

“It has always been mentioned that some bears have really bad smell [while] others don't
have any smell. Inuit have the knowledge that it’s always been like that. [| mean] the smell
of the meat.” (Joe Arlooktoo, Kimmirut)

“[When] fat is really white, that’s healthy. [And when] you dont see any brown spots on
the fat area, we feel that’s healthy.” (Peter Kanayuk, Pangnirtung)

“A healthy polar bear often will have nice fat on [its hide]. It's easy to scrape off, it’s not
really yellow. It’s easier to clean...I've worked on one that wasnt really very healthy, the
fat looks a little more yellow and it’s harder to scrape off.” (Anonymous 04, Pangnirtung)

Stomach contents, internal organs and teeth condition

Some patrticipants reported that stomach contents (n=3) and internal organs (n=1) from harvested
polar bears can be examined during butchering as indicators of health. They noted that healthy
polar bears would have seal remains and mostly liquefied fat —looking almost like water— in their
stomachs. The presence of anthropogenic waste or unusual prey items may indicate poor health
or hunger and may correlate with poor body condition. One participant further explained that the
presence of lesions or abnormalities on internal organs can also be indicative of poor health.

Lastly, one contributor highlighted that broken or missing teeth could be signs of poor health
and/or old age. Poor teeth status was also correlated with poor body condition.

“The bears with less or broken teeth would be skinny or skinnier bears...| have seen bears
with no [canines] and they are skinnier. | have seen that twice.” (Joe Arlooktoo, Kimmirut)
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Changes in polar bear body condition and general health

Contributors shared their observations of changes in polar bear fatness (body condition) and
overall health over time. These are presented below per community. In this section, polar bear
fatness is discussed alongside general polar bear health given that ‘fatness’ was identified as the
main indicator of health by participants from both communities (see ‘Polar bear health indicators’
section).

Kimmirut

In Kimmirut, changes in polar bear body condition and health were discussed during both
individual and group interviews. Qualitative individual interview results are presented and
discussed together with quantitative findings from group interviews.

Temporal changes in body condition status

During individual interviews (n=13), when discussing temporal changes observed in polar bear
fatness (body condition status), contributors shared multiple perspectives which are summarized
in Table 7. While it was acknowledged that level of fatness differs from polar bear to polar bear —
depending on the hunting skills of individual bears—, a majority of contributors reported observing
more polar bear in poorer body condition compared to the past. Some participants interpreted this
observation as indicative of a general decline in polar bear body condition over time in the
Kimmirut area, although some also specified that the change they had observed was slight.
However, some contributors expressed the view that polar bear body condition had remained
stable or were uncertain about any change in polar bear body condition over time.

Table 7. Observations on temporal changes in polar bear body condition status in the Kimmirut area based
on individual interviews (n=13).

Frequency of

Type of observation Notes

responses
More “skinny bears” or polar bears in Five contrlbutqrs interpreted th|§ observatlo'n' as
o a general decline of polar bears’ body condition
poorer body condition compared to the 7 . L )
status with one of them noticing this change
past o
within the past 10 years.
Body condition may have declined but it 1 The contributor noted that more time was
is still unclear at this point required for a definitive answer.
Two women specialized in hide processing and
No change observed 3 one hunter provided this answer.
One contributor (Elder) was not confident in
commenting on this aspect as he was not
actively harvesting anymore at the time of the
Unknown 2

interview. However, he also mentioned
observing a decline in body condition while still
harvesting.
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Group interviews with active harvesters (n=3,
totalling eight participants) were important to
clarify some of these uncertainties,
minimizing potential biases!!, as well as
understand the degree of change observed.
Changes in polar bear fatness were
determined  using  proportional  piling
exercises over the 1 to 5 body condition types
used in conventional monitoring (developed
by Stirling et al. 2008) and repeated over
three time periods: (1) around 1990;
== (2) around 2005; and (3) within the last three
. years (2016-2019) (Figure 22). Group
interviews indicated that the increased
number of ‘skinny bears’ reported by
Figure 22. Mikidjuk Kolola (left), Sandy Akavak individual interviewees were likely a function
(centre) and Joannie Ikkidluak (right) participating in of a population increase rather than the result
proportional piling exercises on polar bear body  of a substantial change in polar bear body
condition around Kimmirut. condition status over time. Group interview
results highlighted that overall changes in
polar bear body condition status in the
Kimmirut area were very minor across the three time periods examined (Figure 23). This finding
likely explains uncertainty in individual interviewees’ responses (Table 7).

In summary, based on proportional piling exercises, for each time period (around 1990, around
2005, and last three years [2016-2019]) most polar bears observed were classified within
‘average’ or ‘fat’ body condition categories and, overall, proportions of polar bears observed per
body condition type had remained similar since the 1990s (Figure 23). Starting from 2005, there
was a small increase in the proportion of ‘skinny’ bears —about one percentage point from the
1990 level. Over the 2016-2019 period, there was also a shift of a few percentage points from the
‘fat’ to the ‘average’ body condition type compared to 2005 (Figure 23). In particular, there was a
slight decline in the proportion of ‘fat’ polar bears from 49% (range: 48-50) observed around 2005
to 45% (range: 40-50) observed in 2016-2019. This decline was mainly compensated by a small
increase in the proportion of ‘average’ bears from 42% (range: 30-49) observed around 2005 to
45% (range: 30-55) observed in the 2016-2019 period. However, overall, across the time periods
examined, changes were minor with the majority of bears (over 94%; range: 92-98) classified
within ‘healthy’ fat levels (Figure 23). In fact, there was a consensus among group interviews
contributors (n=4, totalling 15 participants) that polar bears exhibiting body condition types 1 and 2
had ‘unhealthy’ fat levels and that polar bears with body condition types 3, 4 and 5 had ‘healthy’
fat levels (Figures 20 and 23).

11 The presence of skinny bears attracted to food available in or near communities could magnify
perceptions of poor body condition among community members who do not travel far from the community.
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Figure 23. Relative proportion of polar bears observed per body condition type (1 to 5 scale developed by
Stirling et al. 2008) over specific time periods (around 1990, around 2005, and last three years [2016 to
2019]) in the Kimmirut area. Percentages were derived from proportional piling exercises with three groups
of contributors from Kimmirut (n=3; totalling eight participants); mean values are presented over each bar
with respective value ranges provided in brackets in light grey. Polar bear categories and drawings of body
types are sourced from the Polar Bear Body Condition Index Card used by the Government of Nunavut,
Department of Environment (Government of Nunavut, n.d.).

Contributors who had observed a decline in polar bear fatness over time mostly attributed these
changes to an increase in polar bear abundance combined with a reduction in the abundance of
ringed seals (polar bear main prey) and changes in sea ice conditions reducing polar bear access
to seals.

Some participants also highlighted that skinny or ‘unhealthy’ polar bears tended to be observed
close to the community in the summer and fall when there is less sea ice and hunting is more
difficult for polar bears.

Some contributors linked poor body condition with young polar bears being abandoned by their
mothers or with old age. In particular, two Elders shared observations of polar bears that were
“smaller in size”. While this change could be related to a true decrease in body size possibly due
to shorter interbreeding times (i.e., polar bears that invest less in growth and mature early to
increase their reproductive potential) or reduced food availability (i.e., polar bears that are born in
cohorts with reduced food resources and therefore that did not grow as large), it could also be a
sign of immigration of polar bears exhibiting a different body size phenotype from adjacent
subpopulations into the Kimmirut area (see also ‘Sea ice changes’ section).
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Finally, participants highlighted that whether observations of polar bears in poor body condition
have implications for population persistence remained uncertain at the time interviews were
performed.

“Not from my personal experience but from what | hear from other people, polar bears
[are] skinnier nowadays...| have an idea that could explain why [polar bears] may be
skinnier: back then the bears were a lot healthier because this area had more ringed seals
for them to eat. Nowadays, there is less ringed seals. When the bear population was high,
likely the polar bears hunted the seals until the numbers declined. | recall baby seals and
younger seals within their first year of age coming in a lot around the end of July and back
then there was a lot of those young seals coming in, whereas today there are a lot less,
almost next to none. When | was hunting back then, 1 would likely be catching about 20 to
30 seals in a day whereas today they are catching less, like one, two or three in a day
hunt.” (Sandy Akavak, Kimmirut)

“When | was a child, in the 70s, there were hardly any bears...but in the 70s and 80s polar
bears were fatter compared to today...In particular, during the summer polar bears are not
as fat and they seem skinnier also during the fall and winter. In the spring, some bears
could be skinny and some bears could be fat...Nowadays, [polar bears] seem to be not as
fat as they used to be. One of the reason could be [related to changes in] the sea ice
conditions because sea ice provides [a platform for the polar bears to hunt] the seals that
are sun bathing or that are under the ice. | know this since the time my grandfather used
to tell us stories [about polar bears] and up to this day | have seen that the polar bears are
doing the same as my grandfather told me.” (Kooyoo Padluq, Kimmirut)

“Some [polar bears] seem to be way too skinny, probably there is not much in their
stomach. One Elder had to shoot a bear for defence since it was close to his cabin and he
had never seen a skinny bear, it was a very unhealthy bear. But there’s some healthy ones
too but we start to see a bit more skinny bears here and there. In the past 10 years or
less...I may be seeing them more in the summer when it is harder hunting for them, when
there is no ice...The skinnier bears are at the dump or they come close to town looking for
food...I have always seen healthy bears there [Markham Bay area].” (Anonymous 02,
Kimmirut)

“Mostly young bears that | have seen that are quite skinny. But that other one | saw was
a female, but it could have been from old age too like an old bear, very skinny and
unhealthy...I think that [skinny young bears] have either lost the mother or the mother
pushed them away. There are more bears coming into town and sometimes a mother bear
may be harvested not knowing that it has cubs, sometimes we cant see cubs. We are not
supposed to hunt family groups and | know people respect that. If it has cubs nobody hunts
that but if it had cubs that we did not know about that we dont see maybe a mother bear
may be harvested without not knowing about the cubs.” (Anonymous 02, Kimmirut)

“All the bears that | have caught were in good shape from the first to now...and the bears
I have observed some are skinny and you can tell they are hungry....I think it is fair to say
that they are the same [as the past] but | guess maybe we will wait and see what we will
observe in the next five years. My thinking anyway if we get less sea ice we will be able
to find out if we start to see more skinny bears. But for now most of them are in relatively
good shape.” (Anonymous 03, Kimmirut)
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Temporal changes in overall health

When invited to discuss general polar bear health (considering polar bear fatness along with other
health indicators; see ‘Polar bear health indicators’ section), individual interview contributors often
noted that both ‘healthy’ and ‘unhealthy’ bears are encountered today. Similarly to observations
of body condition status, there was a general sense that in recent year the proportion of unhealthy
polar bears may have increased compared to the past, however the odds of encountering
unhealthy polar bears continued to be low.

“Some of them are really skinny and hungry. The first polar bear we saw last year, the six
footer male, was all bony; that was the first one we saw last year. Then a couple of days
later we saw a healthy male, it seemed healthy. We see healthy looking ones and not
healthy looking ones, bad hunters and good hunters...polar bears seem getting to be
hungrier. | started to notice that about eight years ago.” (Isaac Temela, Kimmirut)

“l have seen my share of unhealthy ones and also healthy ones too...it is less likely to see
unhealthy ones than we do healthy. The odd bear here and there are unhealthy and | see
more frequently healthy bears...If we see an unhealthy [bear] it is likely in the time when
there is no ice, in the summer or the early fall when there is no ice [...] | have seen both
young ones and older ones that looked unhealthy.” (Anonymous 01, Kimmirut)

“The polar bears that | have observed are healthy but the bears that are hungry are the
ones that tend to come to the community.” (ltee Temela, Kimmirut)

Group interviews with active harvesters (n=3, totalling 8 participants) were then performed to
further explore temporal changes in overall health status of polar bears in the Kimmirut area.
Proportional piling exercises were used to record the relative proportion of ‘healthy’ vs ‘unhealthy’
polar bears observed around Kimmirut over three time periods: (1) around 1990; (2) around 2005;
and (3) within the last three years (2016-2019) (Figure 24). During group interviews, ‘health’ was
assessed and understood as a general characteristic going beyond the fatness (body condition)
indicator alone. Participants expressed proportions of ‘healthy’ vs ‘unhealthy’ polar bears
employing all of the pre- and post-harvest indicators they were familiar with (see ‘Polar bear health
indicators’ section). While over 90% of the polar bears observed by contributors were considered
‘healthy’ across the three time periods, group interview participants reported a slight increase in
the proportions of ‘unhealthy’ polar bears since 2005 (Figure 24). In particular, around 2005 the
proportion of ‘unhealthy’ bears had increased to 8% (range: 5-10) from to the 2% (range: 0-7)
level recorded around 1990, and further increased to 9% (range: 5-15) in the 2016-2019 period
(Figure 24).
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‘Healthy’ polar bears
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Figure 24. Relative proportion of ‘healthy’ vs ‘unhealthy’ polar bears observed in the Kimmirut area over
three time periods (around 1990, around 2005, and last three years [2016 to 2019]). Percentages were
derived from proportional piling exercises with three groups of contributors from Kimmirut (n=3; totalling
eight participants).

Section summary: temporal changes in body condition status and overall health

In summary, based on individual and group interviews performed in Kimmirut, from around 1990
to 2019, over 90% of the locally observed polar bear population had been within ‘healthy’ fatness
levels and ‘good’ overall health (Figures 23 and 24). However, in more recent years —within the
2016-2019 period— minor changes had been observed from previous years, including a shift of a
few percentage points from the ‘fat’ to the ‘average’ body condition type and a small increase in
the proportion of polar bears considered ‘unhealthy’ (Figures 23 and 24). At the time interviews
were conducted, such changes were not reflected in observations related to cub productivity and
survival which had been stable since the 1990s (Figure 11; see ‘Size of family groups, cub
productivity and survival’ section). Given the rate of environmental change reported by
participants —including observations of major declines in local ringed seal abundance and
changes in sea ice conditions—, continuous documentation of Inuit observations will be required
to understand how polar bear body condition and health will evolve over time.

Pangnirtung

In Pangnirtung, participants discussed changes in polar bear body condition and overall health
during individual interviews only (n=14); therefore, unlike for Kimmirut, quantitative information
generated though group interviews is not available for this community. Observations specific to
changes in polar bear fatness over time are presented below, followed by comments made by
contributors regarding general polar bear health.

80



Temporal changes in body condition status

Contributors from Pangnirtung shared similar perspectives as individual interview contributors
from Kimmirut as summarized in Table 8. Pangnirtung participants acknowledged that polar bear
fatness levels vary on an individual basis due to differences in hunting skills/success but possibly
also due to body type, with this making it difficult to assess temporal changes. Despite these
limitations, a majority of individual interviewees reported observing more polar bears in poorer
body condition compared to the past with some of them interpreting this observation as indicative
of a general decline in polar bear body condition over time within the Pangnirtung area. Earlier
signs of change dated back to the 1980s but were more consistently observed starting from the
late 2000s. However, similarly to Kimmirut, some expressed the view that polar bear body
condition had remained stable or were uncertain about any change in polar bear body condition
over time. (Table 8).

Table 8. Observations on temporal changes in polar bear body condition status in the Pangnirtung area
based on individual interviews (n=14).

Frequency of

Type of observation Notes
responses
More “skinny bears” were noticed starting from:
el ” . the 1980s (n=1), the late 2000s (n=1), 2010
More “skinny bears” or polar bears in (n=1), the last 2 years [2017-2019] (n=1). Six
poorer body condition compared to the 7 . ; : .
ast contributors interpreted this observation as
P indicative of a general decline in polar bear
body condition status.
No change observed 5 Two women specialized in hide processing and

three hunters provided this answer.

One contributor explained that it was difficult to
Unknown 2 identify a general trend given individual
variation in polar bear fatness.

“Some polar bears are really good hunters and some are not. Some polar bears do better
than others.” (Johnny Mike, Pangnirtung)

“It doesn't matter what animal they are, some of them live to be skinny, just like people.
You know, it doesnt matter what they eat, how much they eat, they1l be skinny. But | think
the polar bears are like that too.” (Simeonie Keenainak, Pangnirtung)

“They used to be fat all the time [back in the 1960s] ... [Today], when we go boating, we
see lots of polar bears during the summer. In summer, we see lots of very, very skinny
bears. We even worry about them. They might not make it through the winter because
they are so skinny... [Within the past 10 years] some of them [polar bears] seem to be
skinnier. Because we see a lot more bears, we see more skinny bears too. Even when we
dont look for them or we don't expect to see polar bears, we see them.” (Peter Kanayuk,
Pangnirtung)

“There’s not much change to the fat...People don't want to eat the meat if there’s not much
fat in it.” (Michael Kisa, Pangnirtung)
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Similarly to Kimmirut, Pangnirtung contributors who had observed a decline in polar bear fatness
over time reported three main potential causes, acting alone or in synergy, that could explain this
phenomenon: an increase in polar bear abundance leading to increased competition over and
reduced access to preys (mainly ringed seals), less sea ice cover leading to reduced access to
preys, and a decline in ringed seal abundance observed around Pangnirtung.

“Polar bears are getting skinnier because there is not enough food and the polar bear
population has grown more.” (Matiusie Maniapik, Pangnirtung)

“[Polar bears] seem to be getting smaller and | think theyre hungry. Now, there are too
many polar bears and it’s harder for them to catch food, like seal. And that’s why they’re
getting smaller and smaller because theyre not eating as much as they used to do
before...Theyre smaller and, when theyre smaller, they dont have much fat. It’'s harder
for the smaller ones to hunt compared to the bigger polar bears...[Polar bears are] not as
energetic as they used to be. They are slowly losing [their energy]. | think this is because
they don’t catch much food anymore...Each year, there is not much ice anymore so they
can’t hunt as much. And with too many polar bear [there is] not enough food.” (Lazarusie
Ishulutaqg, Pangnirtung)

“Polar bears they tend to get skinnier now too because there’s hardly any seals left in this
whole Cumberland Sound.” (David Kooneeliusie, Pangnirtung)

Some participants also mentioned that the poor hunting success of older bears and the chemical
immobilization of polar bears for scientific research could explain why some individual bears were
observed in poor body condition.

“When [polar bears are] not active as hunters anymore they get skinnier and myself, | don't
want to harvest big males...Sometimes there’s hardly any fat [on older bears].” (David
Kooneeliusie, Pangnirtung)

“The ones that have been put to sleep are the ones that are usually skinny. There is no
specific gender or age.” (Matiusie Maniapik, Pangnirtung)

Three contributors explained that skinny polar bears observed within close proximity of the
community tended to be juvenile bears and seen more often in spring and summer.

“[Today] some [polar bears] are healthy [but] we keep seeing kind of skinny polar bears,
especially younger ones. Young ones alone, maybe three or four years old, are usually
skinny. Females are usually fatter or big...I see the skinny ones like in the spring and the
summer...more skinny bears in the late 2000s. When you go around you see more skinny
bears now. There is not enough food and they are having hard time catching seals, | guess
some of them.” (Peter Kanayuk, Pangnirtung)

“I've seen some [healthy bears] too but the ones I've seen that...interact with this
community in the past years haven’t been really fat.” (David Kooneeliusie, Pangnirtung)
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Temporal changes in overall heath

When asked to discuss general polar bear population health (considering polar bear fatness along
with other health indicators), five contributors mentioned that polar bears observed around
Pangnirtung were generally ‘healthy’ and three highlighted that bears are not as ‘healthy’ as they
used to be.

Two participants further noted regional differences in polar bear body condition and health,
explaining that bears living on the northern side of the Cumberland Peninsula and that do not
come inland are usually healthier.

“[Polar bears] seem to be healthier along the coastline [northern side of the Cumberland
Peninsula] instead of [Cumberland Sound] here because there’s more plenty of sea
mammals along the north side of Baffin Island and that’s why the bears are healthier.../
would say the [bears] that stay out at sea, way out there, that almost live off their own
icebergs, 1'd say they’re always healthy.”” (David Kooneeliusie, Pangnirtung)

In addition, one male polar bear hunter and one female contributor specialized in hide processing
both observed a greater number of polar bears with yellow fur (which are not preferred for
harvesting), particularly in the Cumberland Sound area. However, based on contributors’
narratives, this difference appears more likely as a function of geographic variation rather than
reflecting a true difference in health status (see ‘Polar bear health indicators’ section).

“I have noticed more [bears] in [the Cumberland Sound] area [with fur that is] kind of really
yellowish... | have never seen anything like that on the north side [of the Cumberland
Peninsula]. Just here in this Cumberland Sound.” (David Kooneeliusie, Pangnirtung)

“The fur got more yellow and it’s skinny...But the whiter it is, the fatter the polar bear is...If
you see a yellow skin, it’s skinner, too. But if it’s white, it’s fat. That’s the change.” (Leesee-
Mary Kakee, Pangnirtung)

Although the proportion ‘healthy’ vs ‘unhealthy’ polar bears observed over time was not
systematically explored in Pangnirtung through group interviews, one male polar bear hunter
estimated at 80% the proportion of ‘healthy’ polar bears he had observed in recent years and one
female contributor did not notice any change in polar bear health over time from cleaning and
processing hides.

“I would say 80% of it [local polar bear population] are healthy...In the past we dont see
much polar bear like we do now... but it seems like the polar bear that we caught down
there, most of it was pretty healthy bears.” (Simeonie Keenainak, Pangnirtung)

‘I dont think there is any difference between then and now.” (Meeka Alivaktuk,
Pangnirtung)
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Section summary: temporal changes in body condition status and overall health

Based on individual interview results alone, we believe that changes in the body condition status
and overall health of polar bears in the Pangnirtung area may follow a similar pattern to what was
observed in Kimmirut. At the time interviews were conducted, a recent decline in body condition
status and overall health had been observed by some contributors; however, the magnitude of
this decline may not have been substantial given that observations were not unanimous and also
considering that some participants who had noticed a decline in polar bear body condition
stressed that healthy and fat polar bears were still observed. Group interviews would be required
to clarify these uncertainties, including confirming changes in body condition and general health
status of polar bears in the Pangnirtung area and identifying their magnitude.

Mortality, diseases and abnormalities

In this section, all quotes related to polar bear mortality, diseases and abnormalities were
anonymized to preserve confidentiality.

All interviewees (n=35) discussed polar bear non-hunting related mortality, diseases and other
abnormalities they had directly observed or heard about from relatives and Elders. We specifically
probed on fur loss (alopecia) lesions, asking direct questions supported by pictures (see
Appendix 4, interview guide) given such occurrences were reported in other subpopulations,
particularly in the southern Beaufort Sea, Alaska (see Atwood et al. 2015). In general, contributors
were able to provide detailed observations about what they saw, including where, when and type
of animal(s) involved (adult vs. young polar bear; female vs. male). The level of detail provided
by participants suggested a strong ability to detect and recall unusual polar bear observations.

Overall, participants considered non-hunting related mortality (including starvation), diseases
(including fur loss or alopecia) and other abnormalities to be rare or uncommon. As such, single
occurrences could be recalled almost one by one.

In addition, most contributors did not recall Elders talking about dead or sick polar bears in the
past. Only one contributor from Kimmirut mentioned learning about starving polar bears from his
Elders when he was young (around the 1950s); those starving bears were described as “polar
bears that died” and considered a rare occurrence. One contributor from Pangnirtung recalled
Elders saying not to eat polar bear liver which was known from experience to be source of toxicity
(scientifically known as vitamin A poisoning).

“No, they [Elders] didn't [talk about polar bear abnormalities or diseases], but they [Elders]
just told us not to eat the liver or we will lose our hair. That’s what they said. They told us
to never eat the polar bear liver.” (Interviewee 01, Pangnirtung).

Tables 9 to 11 summarize signs of diseases (lesions and syndromes) or abnormalities reported
by contributors from Kimmirut and Pangnirtung and provide differential diagnosis based on
scientific veterinary knowledge. Figure 26 specifically displays locations of some cases of fur loss
or alopecia observed by contributors.
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Non-hunting related mortality and starvation

Among Kimmirut and Pangnirtung contributors (n=35), 23 of them (n=16 in Kimmirut; n=7 in
Pangnirtung) had never directly observed or heard of mortality due to causes other than
harvesting. Observations of polar bear mortality due to starvation or other natural causes were
reported by a total of 12 participants (n=7 in Pangnirtung; n=5 in Kimmirut) as rare and single
occurrences with five events observed around Kimmirut and 12 events around Pangnirtung
(Appendix 7, Table 3S). The first occurrence recalled dated back to the 1960s and the most recent
one was made in 2019 (the year interviews were performed). Polar bear mortalities were often
reported to local conservation officers. Importantly, mortalities suggestive of disease outbreaks —
that is, involving more than one animal and/or multiple species at once— were not observed.

While causes of polar bear mortality events observed by contributors remained mostly unknown,
participants mentioned old age, starvation, severe traumas (e.g., polar bear falling in an
avalanche), drowning (e.g., polar bear trapped by ice when hunting seals), and killing by another
polar bear as some potential causes of death (Appendix 7, Table 3S).

“l saw a dead polar bear that was washed up on the shoreline. | went on the site with the
wildlife officer who went to investigate and got the skull and everything. There is so many
things that could have happened: sometimes when they are seal hunting, they can really
sheak up and get really close [to the seal], the seal then goes down and the bear would
go in there to and sometimes they cannot get up and cannot back out and they drown
because of the ice. During the springtime [especially] in May, June. And one time a good
friend of mine in Igaluit was tracking a polar bear by dog team and saw [a similar thing],
he saw polar bear tracks disappearing into a seal hole and never came back out and
drowned. You know, those things happen.” (Interviewee 08, Pangnirtung)

When discussing episodes of cannibalism, contributors reported that "it's been known for a long
time that polar bears eat other polar bears.” One contributor from Pangnirtung mentioned that this
phenomenon may be happening more often now since polar bear numbers have increased.

“Sometimes we see lonely cubs and we know a male polar bear killed the mother. Well, |
think the male polar bear tried to kill the young ones and the mother tried to protect them
and ended up being killed...l heard in my younger age that the polar bear do that but from
then, since there is more polar bear, we start to see more. | think | have been noticing this
[cubs alone] more in the last five years...and we know that the cubs won't make it alone
but we just leave them because we are not allowed to kill small polar bears but that is just
wasted." (Interviewee 06, Pangnirtung)

Seventeen of the 35 Inuit experts we interviewed (n=9 in Kimmirut; n=8 in Pangnirtung) reported
having seen or heard about starving or severely skinny polar bears (Appendix 7, Table 4S).
However, those occurrences were uncommon. For example, one contributor specified he had
seen “very skinny” polar bears only six times in the last 40 years.

“We see some that dont look like healthy, they look like very skinny but not many. | would

say six altogether in the last 40 years. You could tell that they were sick just by looking at
them.” (Interviewee 11, Kimmirut)
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Signs of diseases, syndromes or abnormal lesions

When talking about observations of polar bear diseases or sicknesses, contributors mostly
referred to ‘skinny’ or ‘very skinny’ polar bears, including old individuals or polar bears that were
unfit for human consumption.

“Sick bears are really skinny. | would not know if it was from sickness or from starvation,
but it is really obvious from the appearance. | have seen a few sick bears in my time, but
it is the odd one.” (Interviewee 05, Kimmirut)

“Sick polar bears are very noticeable, they have yellow fur, and they are skinny. It was
rare to see sick skinny polar bears [in the past] and it is still rare [today].” (Interviewee 14,
Pangnirtung)

“I have never seen or heard of a sick polar bear but of very old polar bears with teeth
falling off. | have seen that only once when | was living in the outpost camp.”
(Interviewee 13, Pangnirtung)

Overall, observations of conspicuous polar bear disease and sickness were rare with
16 contributors (n=8 in each of Kimmirut and Pangnirtung) reporting specific lesions or syndromes
they saw while examining harvested polar bears or while observing live individuals. These
included: signs of fur loss or alopecia; limping or lame individuals; white spots in the liver; greenish
lumps in the subcutaneous fat and in the muscles; brown spots in subcutaneous fat; dull and soft
claws; and posterior paralysis. Eleven contributors observed those as single events; over their
lifetime, only five contributors had seen or heard of a few polar bears displaying a specific
lesion/syndrome. Table 9 provides a list of possible causes, or differential diagnosis, based on
scientific veterinary knowledge for the lesions and syndromes described by participants. Tables
10 and 11 include a description of disease occurrences reported by contributors.

“Some bears do not look healthy at all now...l notice from the meat that sometimes it does
not look healthy and sometimes it is not even edible. | notice that the fat sometimes has
some lumpy or infected areas, they are kind of greenish in color. They are mainly in the
fat, between the skin and the meat, but sometimes | have seen it in the meat too...| have
noticed this in three bears that | have harvested in the years 2016 and 2017 ...1 have seen
them in both female and male bears that were adult but younger that the big polar bears...I
have never seen those before, and | have heard that other people mentioned they had
encountered those type of lesions foo...l have taken some samples to the Conservation
Officer, but they have never reported back what it was.” (Interviewee 02, Kimmirut)

“Sometimes liver’s got big white stuff on it and through it...We just say tigulluk [which in
Inuktitut means] bad liver’. Even seals have it sometimes and even caribou...You dont
see this often, only [in] a few [polar bears]. And you can see some little round brown spots
when you cut the fat under the skin. It is not only in polar bears but also seals and whales.
They are small, about a quarter inch. | see it sometimes.” (Interviewee 01, Pangnirtung)

Interestingly, one contributor told us that Elders had known for a long time that posterior paralysis
is a sign of rabies in polar bears; he had learned this in 1970s when he saw a polar bear with
paralyzed hind legs. Scientific information of rabies in polar bears, including its presentation in
the paralytic form, are more recent (Taylor et al. 1991). This example, amongst others, highlights
the value of 1Q to understand and assess polar bear health.
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“I have never seen a sick polar bear. Except for one time when | saw a polar bear that was
dragging his back legs. He was walking only with his front legs, and it was a big bear [too].
| asked the Elders Why is the polar bear doing that?’ and the Elders said ‘He got rabies’.
When the polar bear gets rabies, the back legs are numb, so he drags them.”
(Interviewee 06, Pangnirtung)

While specific questions regarding trichinosis were not asked, only one contributor specifically
mentioned being aware that polar bears can be infected with Trichinella spp., which has
implications for human health.

‘I have been hearing in other areas that they [polar bears] have trichinosis. Last year, |
think one tested positive for trichinosis here in [Cape] Dorset and then more recently in
Sanikiluaq area polar bears [have been found] with trichinosis.” (Interviewee 07, Kimmirut)

Lastly, ectoparasites were not observed on polar bear hides.

“I have seen other animals with little bugs on them but never on a beatr. If they [polar bears]
had little bugs we may not even touch them.” (Interviewee 03, Kimmirut)
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Table 9. Types of lesions and syndromes observed in polar bears by participants interviewed in Kimmirut
and Pangnirtung (n=35), including a list of possible causes —or differential diagnosis— based on scientific

veterinary knowledge.

Observed lesions or syndromes

Possible causes

v'Ice-related injuries
v Infectious diseases
v' Endocrine disfunctions
v" Nutritional deficiencies
Fur loss or alopecia v' Chronic stress
v' Congenital disease affecting hair development
v" Disorders of the molt cycle
v' Pollutants
v Mange
v’ Traumas
v' Bacterial diseases that can cause joint/bone infections or
arthritis (e.g., Brucella spp., Erysipelothrix rhusiopathiae)
v' Systemic bacterial diseases causing thrombosis
. (e.g., E. rhusiopathiae)
Limp or lameness v' Viral encephalitis (e.g., distemper virus)
v" Protozoan encephalitis
(e.g., Sarcocystis spp., Toxoplasma spp.)
v" Heavy metal toxicity
v" Fluoride toxicity
Brownish round spots (about 0,6 cm) v' Parasites (e.g., granulomas of tapeworm larvae — polar
in the subcutaneous fat bears serving as aberrant hosts)
. v' Systemic bacterial diseases causing thrombosis
Also observed in seals and whales . .
(e.g., E. rhusiopathiae)
v" Hemorrhages
Big white spots on and throughout v'  Parasites
the liver (e.g., liver flukes, hydatid cysts of Echinococcus granulosus)
) i v' Abscesses or granulomas of bacterial origin
Also observed also in seals and caribou
v" Tumors
Greenish lumps in the subcutaneous
fat and muscles v' Older traumas
v' Inflammation of fat tissue
Also observed in beluga whales
Dull and soft claws with layers of v' Nutritional deficiencies
keratin splitting v Traumas
v Viral infection (e.qg., distemper virus)
v' Congenital defect that affects keratin production
Paralysis of hind legs v’ Traumas
v Rabies
v Other encephalitis

(e.g., distemper virus, protozoan infections, neurotoxins)
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Table 10. Occurrences of lesions and syndromes —except fur loss— observed in polar bears by participants interviewed in Kimmirut and Pangnirtung
(n=35), including type of lesions observed, number of contributors reporting the observation (n), timing of observation (when available; otherwise
marked as ‘NA’) and detailed description of the observation made by individual contributors. Fur loss observations are reported in Table 11.

Observed lesions or syndromes N Timing Description of occurrence

One adult male polar bear walking with a limp (the back leg could not bend).
Early 1990s Direct observation close to Qikigtarjuaq.
Interviewee 14, Pangnirtung

One polar bear observed limping, ‘the back leg joint could not bend".
Direct observation made in summer.
Interviewee 07, Pangnirtung

Limping polar bears n=3 2015

Knowledge of limping polar bears reported from other hunters.

Recentyears Interviewee 02, Kimmirut

A few harvested polar bears with small brown spots (approximately ¥ inch) in the
Small brownish round spots _ subcutaneous fat. Similar lesions also observed in seals and whales.
; n=1 NA - ;
in the subcutaneous fat Direct observation.

Interviewee 01, Pangnirtung

A few harvested polar bears with big white spots on and throughout the liver.
Big white spots in the liver n=1 NA Similar lesions also observed in seals and caribou. Direct observation.
Interviewee 01, Pangnirtung

Three harvested polar bears (adults, females and males) with greenish lumps in

the subcutaneous fat (mostly) and meat. Similar lesions also observed in beluga
n=1 2016-2017 whales. Direct observation (first time these lesions are observed) and reports of

similar lesions from other hunters in recent years.

Interviewee 02, Kimmirut

Greenish lumps in the
subcutaneous fat and muscles

One harvested polar bear (7-footer) with ‘weird claws’ on the rear feet. The hide

was easy to clean meaning the polar bear was likely in good body condition. Direct
n=2 Recentyears  observation made during hide processing (same bear observed by two

contributors).

Interviewees 01 and 02, Group 4, Kimmirut

Dull and soft claws with layers of
keratin splitting

One adult polar bear observed dragging its back legs. Direct observation.

Paralysis of hind legs n=1 1970s Interviewee 06, Pangnirtung
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Fur loss lesions or alopecia

Fur loss or alopecia was explored by asking direct questions supported by pictures showing
specific fur loss lesions (see Appendix 4, interview guide). Most participants (n=23) had not
observed lesions consistent with the pictures shown. However, these contributors had sometimes
noticed polar bears with small furless spots on the neck, head and paws associated with scars
and injuries, including ice-related traumas. These observations were considered as normal
occurrences that were seen in healthy individuals both in recent years and in the past. Adult males
in particular were reported to often display furless scars on the neck and head that were likely
caused by fighting with conspecifics during the mating season (Appendix 7, Table 5S).

“[Polar bears] have lots of scars in the neck area from fighting, playing around, trying to
get a female and these kinds of things.” (Interviewee 06, Pangnirtung)

“l have seen scars maybe [due to] males fighting together...l have seen mostly in males
because when they start mating, they fight...and with any polar bears because they use
their head and neck to go through the ice.” (Interviewee 07, Kimmirut)

“The males tend to fight [during mating season for the female], that’s why they have no
more fur, from fighting. | have caught a polar bear that’s fought another polar bear before,
and had no fur, like from the scratches.” (Interviewee 04, Pangnirtung)

Example 1

Figure 25. Pictures of fur loss in polar bears. These pictures were used as prompts during interviews in
Pangnirtung and Kimmirut (n=35). See Appendix 4 for full picture set used during interviews. Presentations
similar to check marked pictures were observed by contributors, while lesions similar cross marked pictures
were not observed. Image sources: Atwood et al. 2015 (example 1); USGS (example 2); Government of
Nunavut (example 3).
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Twelve of the 35 participants interviewed (n=7 in Pangnirtung; n=5 in Kimmirut) reported
observing polar bears with fur loss similar to the pictures used, varying in severity and localization.
Lesions observed included extensive alopecia localized in the neck, shoulders and body;
symmetrical alopecia on the head; and large areas of alopecia on the paws without scars and
skin overgrowth (Figure 25). These observations were sporadic and mostly reported as single
events (Table 11 and Figure 26).

“I have seen in an old bear something like this [referring to example 1 in Figure 25], they
weren't scars, but the fur was coming off [in the neck area] due to be so old. That was the
only time | saw something strange. That bear was a big male, angujuag...It was some time
ago, | don’t remember the year...| have [also] seen areas on the paws with no fur
whatsoever, maybe because it was an old bear. There were no scratches, but it was just
no fur on it. It was just a male bear, not a big one. | have seen it only one time. It was
some time ago, not recent.” (Interviewee 01, Kimmirut)

“In early spring 2007, | saw close to town a mother bear that had two cubs. The cubs were
OK, but the mother was so skinny. That was the only [sick bear] | have [ever] seen...it was
wobbling and acting like it was [almost] drunk. | have [also] noticed that some part of the
fur was missing. The condition of the fur was not normal...it had bold spots on the
neck...about 20 cm in diameter and only on one side. [It looked] exactly like this picture
[referring to example 1 in Figure 25]” (Interviewee 10, Kimmirut)

“I recall | have seen polar bears with abnormalities twice. [Description of a severely skinny
polar bear]. The other one, | don't remember exactly, but | think [I saw it] right around
2010. It was a cub, atigtaq. It was the only bear, it was alone [without the mother]. | noticed
some abnormalities in the fur with bold spots around the neck. It looked like that one
[pointing at example 1 in Figure 25].” (Interviewee 12, Kimmirut)

“l have seen one like that [referring to example 1 in Figure 25]. That was maybe around
the 1980s...I was out polar bear hunting [on the north side of the Cumberland Peninsula].
| saw the bear and | got closer. It was a big bear. | saw a bold, naked area [on its neck]
and | decided not to kill it. That was not good for nothing...it was not that fat but was not
that skinny either. It was a male. [l think it was] smaller than a nukaug. It was around
February...l havent seen anything like that again. [The hair loss] was mostly on one side
[of the neck] and a little bit on the other side too. It was completely black [It appeared even
more severe than example 1]. | was thinking that maybe it was scratching all the time,
[maybe it was] itchy or something. No [there was no blood visible].” (Interviewee 01,
Pangnirtung)

“l saw a polar bear that was harvested, and its side was black. It had a wide area with no
fur, and it was all scarred. It was a really poor skin. It was something like that [example 1
in Figure 25] but it was on the side [of its body]. The area was about 20 cm wide.”
(Interviewee 07, Pangnirtung)

“I have seen something like this [fur loss on the paw, similar to example 3 in Figure 25]
but not too many. Sometimes they hit rocks and they lose the fur.” (Interviewee 09,
Pangnirtung)

Wide areas of alopecia or thinning of the fur were only observed on the neck and shoulders (n=10)
or on the side of the body (n=1). Gross presentation of lesions was similar to signs of alopecia
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described in polar bears of the southern Beaufort Sea, Alaska (Atwood et al. 2015). Earliest
observations dated back to the 1980s in Pangnirtung and the 1990s in Kimmirut, while most recent
observations were made in 2013-2015 in Pangnirtung and around 2010 in Kimmirut.

Both female, male, adult and young polar bears, including cubs-of-the-year, had been observed
with alopecia. In some instances, fur loss was associated with poor body condition, but it was also
observed in healthy individuals.

Some contributors considered fur loss lesions as a hormal condition in polar bears, especially in
adults and likely resulting from ice-related or hunt-related injuries, fighting with other polar bears
and, more in general, old age (Table 11). Lastly, one contributor commenting on pictures of fur
loss localized on polar bear paws (see example 3 in Figure 25) recalled that sled dogs used to
have similar lesions, especially in the spring when rubbing the surface of their paws on the thawing
and freezing ice.

“When the ice is melting, like the first layer is slush, and the top freezes a bit just slightly,
a thin layer. Dogs used to hunt and very quite often in the springtime they were going on
the slush. So, | think that’s what happens too with polar bears. After a warm sunny day in
the springtime, it becomes slushy, and at evening, night-time and early morning that slush
freezes. So it can scratch [the fur and skin on the paws], like it used to scratch dogs.”
(Davidee Nowyuk, Pangnirtung)
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Table 11. Occurrences of fur loss (alopecia) lesions observed in polar bears by participants interviewed in Kimmirut and Pangnirtung (n=35),
including timing of observation, detailed description of what was observed by individual contributors, localization of fur loss lesion on the animal,
interviewee reporting the observation, and code used in Figure 26 for observations associated to a specific location (NA: information not available).

Timing Description of observation Area Interviewee Code
Around 2010 One lone cub with extensive fur loss area on neck. Direct observation. Neck :Sitr(;mi%\tlee 12, K12
2007 One very skinny adult female with unstable posture and fur loss area on one side of the neck (about 20 cm Neck Interviewee 10, K10
in diameter). The female had two cubs that looked healthy. Direct observation made in spring. Kimmirut
One polar bear hide difficult to clean because a lot of fur was missing on the neck and she had to remove a Interviewee 03,
1990s ; . : - . : Neck L NA
large area of the hide. Direct observation made during hide processing. Group 4, Kimmirut
One harvested adult male with fur coming off easily from the neck area and one harvested adult male with Neck Interviewee 01
NA furless areas on the feet. Considered to be associated with old age. Direct observation (not recent) made S ! NA
- . . Feet Kimmirut
during hide processing.
A few polar bears observed with alopecia on the neck, head and feet (but without scars and skin Neck Interviewee 01,
NA - e - - - ) Head Group 1, NA
overgrowth). Considered a normal condition associated with polar bears going through ice. Lo
Feet Kimmirut
2013-2015 One har\_/ested polar bear with furless area on the side of its body (approximately 20 cm in diameter). Direct Body Interwgwee 07, NA
observation. Pangnirtung
2013-2015 One _harvested polar t_Jear with sym_metrlcal hair loss on the snout possibly due to an ice related injury and Snout Interviewee 07, NA
considered normal. Direct observation. Pangnirtung
Around 2010 One harvested male that was quite skinny and with extensive fur loss on the neck. Direct observation. Neck g];irgvrlﬁr\%er?g()& P08
One harvested skinny young female polar bear with small area of fur loss close to claws of one foot Interviewee 01
Early 2000s (approximately 6x1cm - similar to example 3 but not as extensive). Considered to be associated with Foot = : ' P01(a)
. o . ; ; ; angnirtung
walking on deep snow covered with ice. Direct observation made in April.
1990s One harvested polar bear with extensive fur loss on neck and shoulders. Observation made by a relative. Neck g;ig’r'l?r\;\fje:g%‘ NA
One adult male polar bear in good body condition with fur loss on one side of the neck (similar to example 1, Interviewee 14
1990s but not as extensive). Considered to be associated with fighting with other polar bears. Direct observation Neck P - ' P14
. : angnirtung
made in spring.
One adult male polar bear with extensive fur loss area on the neck and in good body condition. Direct Interviewee 01,
1980s : : . Neck ; P01(b)
observation made in February along the shore of the Cumberland Peninsula. Pangnirtung
NA A few polar bears observed with fur loss areas on the feet (similar to example 3, but without scars and skin Feet Interviewee 09, NA
overgrowth). Considered to be associated with traumas. Direct observation. Pangnirtung
Adult or old polar bears with thinner fur on the neck and head, likely caused by fighting with other bears and  Neck Interviewee 11,
NA . . . : NA
hunting seals. Direct observation. Head Pangnirtung
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Figure 26. Location of some polar bears with fur loss (alopecia) observed in the Pangnirtung and Kimmirut areas.
Codes reported on the figure refer to occurrences described in Table 11. This figure only includes occurrences that
were associated to a specific geographic location. Table 11 offers a comprehensive list of polar bear fur loss
occurrences discussed by participants that were consistent with fur loss pictures used for probing during the
interviews. DS: Davis Strait polar bear subpopulation and management unit; FB: Foxe Basin polar bear
subpopulation and management unit; BB: Baffin Bay polar bear subpopulation and management unit.
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Anthropogenic waste and other unusual observations

Some contributors (n=7) reported finding anthropogenic waste and/or plastics in the stomachs of
some harvested bears (Appendix 7, Table 6S). Participants from both communities described
polar bears found with plastics and other waste in the stomach as sick or unhealthy bears.
Observations of polar bears scavenging at the dump or found with garbage or man-made items
in their stomach were made in more recent years, approximately within the last 10 years.

“[Polar bears] go to the dump. That’s never happened before. Even here sometimes in the
fall they go to the dump and anything they can get, they eat...A few years ago we saw a
polar bear at the dump in the fall.” (Interviewee 01, Pangnirtung)

“Back then [in the past], when | opened them up | would notice their main diet which is
seal meat. That’s what | would notice back then. But nowadays | am noticing leather gloves
or other garbage in the stomach. | think that this is happening because they are hungry.
[The first time | saw some garbage in the stomach of polar bears] was around 2010.”

“In 2015, | have harvested a bear that had skidoo parts in his stomach. That was the only
thing that was in his stomach...l have encountered another bear with skidoo parts inside
him. They were both close to my camp. When | noticed that they had skidoo parts inside
—plastic, part of the skidoo seat— / would just leave the meat...they were in between a
young bear and an adult bear, they looked healthy enough otherwise.” (Interviewee 02,
Kimmirut)

“When my buddy opened the stomach to see its content we saw nothing but white plastic
shopping bags in there and it was sad and bad to see...that was last summer [2018] July
or August. Was very close to town [at the] dump. We were coming back to town and they
wanted to harvest it before it hurt somebody. It might have been a young female, maybe
three, four years [old]. But we still got the meat.” (Interviewee 06, Kimmirut)

“In the later years | have heard of [polar bears] foraging in dumps but normal bears would
have ringed seals in their stomach as opposed to unhealthy ones that would have
whatever they could get their paws on.” (Interviewee 05, Kimmirut)

Lastly, when invited to discuss other unusual observations or abnormalities, three participants
described injuries or non-healed wounds (Appendix 7, Table 7S). Two participants reported
harvested polar bear bears with lip tattoos and ear tags as abnormal events. One participant had
seen a bear with abnormal pigmentation of the skin and another one observed a three-legged
polar bear. Finally, in Kimmirut, one contributor had observed a male polar bear with half-white
and half-black fur, which he described as a hybrid bear or aktak nanug.

“The Elder shot, the defence Kkill, it seemed to have a wound in the back, maybe that had
something to do with being so skinny. It was maybe a [natural] injury or maybe it got away
from somebody, somebody maybe shot it, wounded it but didnt get it. That is possible. It
was close to town. There was no Wildlife Officer in town so | had to go take a photo and
he had a written statement that is why | know a bit about it. That was about five years
ago.” (Interviewee 06, Kimmirut)

“There hasnt been any change other than one time | harvested a bear with a tag number.
That’s the only abnormality.” (Interviewee 14, Pangnirtung)
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“I had encountered a polar bear with white [skin on the] paws...all four paws were white
and one of the paws had some black spots on it. This got me to think: “Why is this like
that?” | have seen this just in one bear...it looked heathy there was nothing wrong with
it... It was just the colour of the paws and the [colour] of the nose was normal...| have
seen this maybe within the last 10 years...The hide was given to me [to be cleaned] and
the hunter didnt tell me where he got the bear from. He [the hunter even] asked my late
father why the bear was like that. He [my father] didnt know why. This [seeing a bear with
white paws] was unusual and my father didn’t know anything about that.” (Interviewee 03,
Kimmirut)

“Eight years ago | observed [a polar bear that was] somewhat black and white. The fur
looked funny, white on the back and black in the front. It was a half-breed or something. |
saw it one time in this area [pointing to Big Island]. We thought it was a mixed breed, a
black bear with a polar bear or a polar bear with a grizzly, | dont know. It was years ago
[at the end of] the springtime, turning into summer days. We were going at the floe edge
hunting [when we saw this bear]. It was a male, someone said it was about eight feet...It
was climbing up and then it went down again. | wish | took a picture but | didnt. | wasn't
the only one seeing it, also my late parents saw it...The Elders would say in Inuktitut: “We
havent seen that kind of polar bear before, dont catch it! You may get sick!” We call it
[that kind of bear] aktak nanuq: aktak means black bear and nanug means white bear.”
(Interviewee 13, Kimmirut)

Human-polar bear interactions

During individual interviews, contributors from both Pangnirtung and Kimmirut discussed changes
in human-polar bear encounters and interactions. Participants described more frequent
encounters with polar bears; changes in how polar bear behave towards humans; increased
damage caused to cabins and property by bears; increased concerns over public safety; as well
as some strategies put in place by Pangnirtungmiut and Kimmirutmiut to minimize risks
associated with polar bear presence both on the land and in communities. Collectively,
observations on human-polar bear interactions indirectly corroborate abundance information
documented thought this study. In addition, information presented here can be useful to co-
develop targeted mitigation strategies.

Most participants indicated they encountered and observed more polar bears today than in the
past (see also ‘Abundance and demography’ and ‘Habitat and distribution’ sections). Contributors
identified four main factors which could explain why human-polar bear encounters have increased
in recent decades: an increase in polar bear abundance; greater distances traveled by community
members today which increases their chances of encountering polar bears; more intensive use
of coastal areas by polar bears as a result of changing sea ice conditions; and a change in the
behaviour of polar bears which have become less scared of humans and noises.

“There is more polar bear-human interference now than before also because hunters can
travel long distances. So we tend to run into more polar bears as we hunt and the
population has grown so much.” (Johnny Mike, Pangnirtung)

“In the 50s and 60s, there were hardly any polar bears. | hardly saw them maybe because

I was not grown up enough to go hunting by dog team. In the 70s, probably they were
starting to increase, again that may be because we had more equipment to travel with

96



[instead of using] dog teams. The equipment allow us to travel further.” (Jawlie Akavak,
Kimmirut)

“I have noticed changes in the ice condition. Way back the ice used to be really thick and
as times progress [the sea ice] is getting thinner. The ice is a lot thinner nowadays...This
is affecting [polar bear hunting] behaviour. Polar bears normally hunt on the ice and out
there the ice is not as stable as it was and as a result the polar bears are coming in the
coastal areas, in town areas, looking for food.” (Ejetsiak Padluq, Kimmirut)

Many participants commented on changes in how polar bear behave in relation to humans. In
both communities, several contributors (n=9 in Pangnirtung; n=7 in Kimmirut) reported that polar
bears nowadays tend to be less fearful and more aggressive towards humans than they were in
the past. Many also mentioned that juvenile polar bears are generally more inquisitive and
aggressive than older bears.

“When a bear comes approaching sometimes we have to fend it off and we will fire a
warning shot to warn the bear and scare it off. Back then, if you were to fire a warning shot
it was likely to scare the bear off. But now if you were to fire a warning shot towards a bear
it would just keep approaching. | started to notice this around the year 2000. | think that
they are hungry. [l have noticed] this pretty much [in] all the seasons...It looks like there is
more young bears than long time ago...and likely the young ones are harder to fend off
than adult bears. The young ones have less fear and less experience.” (Ejetsiak Padlugq,
Kimmirut)

“I have observed and heard outside of the community [that polar bears] are more
aggressive and tend to kill humans more often than in the old days...The bears that have
really silky and white furs are the aggressive ones, the clean ones. They are called kakirait
nanuit. They could be either females or males, they are not too old and not too young.”
(Itee Temela, Kimmirut)

“The bigger [polar bears] are not so aggressive compared to the smaller ones...It’s kind
of like teenagers, when youre a teenager you don't really listen to the rules...Polar bears
have the mind of a human, like youre not allowed to bother them as they might fight back
like a human would do...Polar bears are getting more and more and they are not scared
at all when you shoot at them. Even if you almost shoot them they won't move, and
sometimes theyl leave but then they’ll come right back.” (Matiusie Maniapik, Pangnirtung)

Participants offered various explanations as to why polar bears have become less fearful and
more aggressive towards humans. Some contributors mentioned that polar bears have become
accustomed to being around people and hearing noise from human activity. Others suggested
that polar bears are no longer afraid of humans in part due to having been handled in the past for
bear research. Some noted that hunger may cause polar bears to be more inquisitive or
aggressive. Lastly, two contributors from Pangnirtung also suggested that hunting mostly adult
male polar bears (angujuaq) could be the reason why polar bears, including juveniles, “would go
in places they should not go” and interact more with humans. We also note that an increased
number of juvenile polar bears as a function of the population increase could also partly explain
contributors’ observations of less fearful polar bears.

“Back then, when you saw a polar bear, they would run away right away, like, they were
scared of people back then. And now when they see people, theyre not scared, even if
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you try to scare them off, they wont run off. So they re not as scared as they used fo be...I
think it’s because of the biologists who put them to sleep. Like, maybe because of that,
they’re not as scared as they used to be.” (Leopa Akpalialuk, Pangnirtung)

“When | was young, as soon as [polar bears] see, hear, or smell anything they used to
run...They started to run from a long ways away. [People] used to let a few dog loose to
stop the bear. Right now, you could drive almost right close to them and they dont even
notice you. They’re pretty different...Since the 1990s, maybe even earlier than
that...Some of them just look towards you and they keep doing their own [things]. | dont
know why, they got used to the noise, | guess.” (Peter Kanayuk, Pangnirtung)

“[Polar bears] aren't scared of noises or people anymore. In the past, they dont even want
to see the tracks, human tracks, let alone the man there. As soon as they cross the human
tracks they usually run away. But now they can follow the human tracks or skidoo tracks.
TheyTe too many noises in this world now. Wild animals are used to hearing noises so
they dont get scared anymore with noises. It's with all the animals... and particularly
young male polar bears, like four or five years old. | have started to notice this change
within the past 20 years.” (Simeonie Keenainak, Pangnirtung)

‘It seems like [polar bears] got mad. They like to smash things more than ever: cabins,
people leave their skidoos out on the land and polar bears would smashed them. Maybe
because they were put to sleep, it seems they are mad at the humans.” (Simeonee
Keenainak, Pangnirtung)

“At the time | was a boy, polar bears were afraid of humans but now they are not as afraid
of humans anymore. Maybe this is happening because they have put them to sleep and
they became angry for being handled by humans, so therefore, they became more
aggressive...I have noticed this change when they started to tranquilize them in 1979, that
is when they started to put them to sleep...My father was one of the people who would go
out with the biologists to help tranquillize the bears so that is why | remember.” (Kooyoo
Padluqg, Kimmirut)

“Some people say that [bears] that were tranquillized changed after and became angry
but | dont know if that’s true. | don't have any proofs...There’s more bears coming and
they don't seem too scared of people anymore. Maybe it was the case also before, in the
past. Maybe we are just seeing more bears and maybe some bears are hungry or more
hungry than others and that can change their behaviour.” (Anonymous 03, Kimmirut)

“Today, when a polar bear comes, it doesnt get killed. Back then, it had to be killed
because if it doesnt get killed they would come back all the time... there was a man who
got killed because that polar bear probably kept going back and it wasnt afraid anymore.
Any polar bear that comes to camps or places where there’s people they should be killed.”
(Leesee-Mary Kakee, Pangnirtung)

“The angujuaq is the leader and if there are less of them the females and young polar
bears would go in places they should not go to.” (Michael Kisa, Pangnirtung)

In both communities, contributors also reported increased damage to cabins, food caches and
property caused by polar bears.
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“Polar bears have been damaging a lot of cabins in the recent years, coming into camp
and damaging cabins. | dont know why, even when they are not hungry they damage
camping areas and | don’t know why...We started to build cabins in the year 2000s...
before there were no cabins and everybody was living in tents when they were out
camping...[Damage to cabins] mostly happens to some people’s cabins while others in
almost the same areas do not get damaged...Bears were coming into camps even when
people were camping in tents...Back then it was a problem but not as big of a problem [as
it is now].” (Jeannie Padluq, Kimmirut)

“Now, polar bears even break cabins because there are so many. They seem to be getting
more dangerous going into cabins trying to look for food...We cant even have food caches
anymore because there’s a lot of polar bears that just go after it. [Once we] left our cache
there, went to Pang for a bit and came back and the polar bears had gotten it.” (Lazarusie
Ishulutag, Pangnirtung)

In addition, participants acknowledged that increased human-polar bear interactions can happen
as a consequence of other harvesting activities that can attract polar bears, especially narwhal
and beluga whale harvest. In the Pangnirtung area, polar bear tags are usually finished by the
time whale harvesting takes place. Contributors from Pangnirtung also reported that in recent
years turbot fishing processing practices have changed with more fish scraps left on the ice (tails
and organs) with this contributing to potentially attracting more polar bears in the upper
Cumberland Sound where commercial turbot fishing takes place in the winter.

Some patrticipants reported that ‘problem bears’ are more likely to be juvenile polar bears which
have a more inquisitive behaviour and may be hungry because they are still learning how to hunt
effectively. However, participants also reported that bears of any age or sex category can become
a ‘problem bear’ when drawn by hunger, which makes them interact with humans more closely
than they would otherwise.

Importantly, all individual interview contributors (n=27) highlighted their concern for public safety
resulting from increased human-polar bear encounters and more frequent bear aggressions.
Many shared the view that polar bears posed a greater public safety concern today compared to
the past and pointed to increasing risks of conflicts between humans and polar bears.

“Back in the days when we were hunting animals we were not afraid to be anywhere. We
were used to even sleep outside beside our gamutiik [sled] because the bears were not
around...At that time we had no worries to encounter a bear or being attacked by a bear.”
(Eliyah Padlug, Kimmirut)

“Now you can see polar bear [around] like even in the summer. Were scared to camp, set
the tent anywhere. The polar bears are everywhere now. We are an endangered species
other than polar bear.” (Simeonie Keenainak, Pangnirtung)

“Since there’s more polar bears now, it’s harder to relax when you re out on the land. From
what | can remember as a little boy, there were barely any polar bears back then, and now
there are a lot...It’s hard to relax.” (Leopa Akpalialuk, Pangnirtung)

“When it comes to humans and polar bears, it’s more dangerous nowadays because polar
bears attack. And we have heard stories of polar bears attacking and killing humans.”
(Abraham Keenainak, Pangnirtung)
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Participants highlighted that polar bears are now posing a public safety concern both on the land
and in or near communities. Polar bears killed in defense of life and property were described as
a recent phenomenon around both Pangnirtung and Kimmirut.

‘[l am concerned about] the safety of the town when [bears] came in. When [my
neighbours] made a defence kill [in 2015-16] is when | realized about the possibility of
them [polar bears] coming into town. And | have heard that polar bears are coming in more
into town. My main concern would be about the safety of the town’s people.”
(Anonymous 01, Kimmirut)

“Il am concerned about the community and if a bear comes in on a regular basis then
children are endangered because children play outside. This has become my concern for
the past ten years...Another concern | have is for those younger boys or younger hunters
using only small guns [rifles], like the 222, when they go on the land. That type of gun [rifle]
could become dangerous because...the 222 cannot kill a bear even if you hit it in the head
and the bear could turn [against you] and end up killing [you].” (Joe Arlooktoo, Kimmirut)

“When | see people going up to the hills [around Pangnirtung], | hope they have a
protection or something like that, you know. I'm always worried about that. And even when
my daughter and my people, my families, when they go into the end of the road there for
fishing with a rod during summertime, | keep telling them you know, hope you guys have
protection...Right now my safety’s really concerned because as | said earlier, people say:
“No, there’s no bears, | have not heard nothing.” Well, | said you only got two legs, they
got four legs.” (David Kooneeliusie, Pangnirtung)

Several contributors shared stories of dangerous encounters with polar bears.

“Once | was with my wife and family down here go caribou hunting and a polar bear came
to our camp and it was close to killing my family. That happened in early 2000s. My wife
is now terrified [of polar bears] after that encounter...Around 2000, | was here to go hunting
caribou. | woke up around 4:00 in the morning and the boat was rocking, and there was a
polar bear on my boat. We had just cooked seal meat that night and we woke up with a
polar bear on the boat. We didnt want to shoot it because there was a big possibility that
| was going to shoot the motor. | heard that when you yell as loud as you can, you can
scare the polar bear. So | yelled from the top of my lungs and it got scared and it fell off
the boat...It was a female and it had cubs, atiqtalaaq.” (Lazarusie Ishulutag, Pangnirtung)

“We were camping with my sister-in-law, she was sleeping in the tent and we were in a
cabin...That’s how she grew up too, in summertime to be sleeping in tent. She didnt want
to sleep anymore in the tent, because she was hearing these footsteps from polar bear
and my dog was barking in the cabin. The next day we were told that there was a polar
bear on our area. Not just one time, almost every other year they’ve been coming...I hear
some people [say] they don' like to be sleeping in tents anymore, because polar bears
are close and they can come at night where they are camping. Or even in summertime if
we are camping down here, we would sleep in the boat anchored, not on the land,
anchored in the water.” (Meeka Alivaktuk, Pangnirtung)

“People get killed by polar bears these days. They are unpredictable so we just have to
know them...l know there have been a couple of very serious [incidents here]. One was a
tourist who was camping by the river and one was a local guy who was guiding [caribou
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sport hunters]. They got attacked by bears and during the night. [Those were] close calls.
Those are the ones | know of but in the region last year there have been even a couple of
deaths.” (Anonymous 03, Kimmirut)

Participants also described how Pangnirtungmiut and Kimmirutmiut are now finding ways to adapt
to increased polar bear presence by putting in place strategies to mitigate risks of dangerous
interactions with polar bears and minimize damage to property. Some explained that, starting
around the 2000s, residents from both communities have started to use more fixed cabins instead
of tents when camping on the land.

‘I don't recall when | first noticed defence kills but the bears that come in [the community]
are normally killed to make sure that the community is safe from bear attacks and | find
that the community is working really well in this area and people defend each other from
bear attacks.” (Joe Arlooktoo, Kimmirut)

“Even back then, my mother would tell me to be safe and always carry a gun [rifle], just in
case there might be a polar bear. They can just pop up at any time.” (Lazarusie Ishulutaq,
Pangnirtung)

“Like for our cabins what we do is we put nails to our cardboard and cover the
windows...board it up.” (Geetee Maniapik, Pangnirtung)

“We always bring dogs when we go out anywhere, mostly for fishing. We always bring two
dogs [with us] and when a polar bear is coming in [the camp] they would start barking. We
always do that, even if it is only for an overnight [trip]. If we dont bring a dog we wont
sleep overnight out there. It is too risky! Before when | was a kid they were not as many
polar bears as there is now. There is a lot more polar bears now therefore we need to
bring dogs [with us].” (Jawlie Akavak, Kimmirut)

Contributors shared tips on how to handle encounters with polar bears but also emphasized the
importance of teaching younger generations about how to coexist with polar bears safely.

“I am not sure if [polar bears] have changed but | know that they have always been known
to be dangerous and scary. When we were really young, we would be told how to act when
we encounter a polar bear because they've always been dangerous and scary...We were
always told if a person has a child and you encounter a polar bear, to not look at your
child. Because if you look at your child theyll go after it. And when a polar bear is ready
to attack, it stands up. When it’s standing and it goes to you, you pick up [an object], grab
it and scream really loud...The loudest sound you can make. | dont know, if a polar bear
is running after you, you got to make a sound, hoo, hoo, hoo, hoo, and then it can go right
back.” (Leesee-Mary Kakee, Pangnirtung)

“The only concern | have now is when our young children and our young teenagers go out
hunting smaller game at a walking distance from the community. Knowing that the bears
are everywhere now, they need to be more cautious. They have to be taught to be more
cautious when they are walking away from the community. And they have to be taught
more nowadays to make sure they are safe because we are hearing that the bears are
attacking humans every now and then since we started having bears around...When we
hear that the bear is sighted right near our community or coming into the community, | am
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afraid when my small children are out there not knowing if the bear is actually in the
community.” (Akeego Killiktee, Kimmirut)

Future of polar bears

Many contributors indicated it was difficult to or would not comment on the future of polar bears.
Some explained one cannot predict the future and therefore preferred not to comment on this
theme.

“I dont know [the future]. You don't know what’s going to happen in the future.” (Matiusie
Maniapik, Pangnirtung)

“[The future] is what | would like to know too, so | can’t say.” (Anonymous 01, Kimmirut)

Participants who discussed what the future may look like for polar bears were not generally
concerned about the ability of polar bears to adapt to changing environmental conditions
associated with climate change.

“I am not worried about polar bears because they're healthy and really good. When we
hear people say theyre going hungry and dying because of climate change, | think
otherwise. They have plenty of food to eat. We hear very often that polar bears are
endangered, that when the ice melts they say there won't be any more polar bears. | think
otherwise...because they have plenty to eat...[Polar bears are] better than humans when
it comes to hunting because that’s all they do, right? Always looking for food, even if theyre
not hungry.” (Abraham Keenainak, Pangnirtung)

“I believe a little bit that if there is less ice, [polar bears] get less food but | think that it is
an ongoing [aspect] of polar bear life, you know some day they get old but in the last few
years we have seen polar bear that come closer to town. They are like human beings:
they try to harvest seals and some of them are luckier than others. The unlucky ones tend
to [harvest less preys] and that’s when their health starts to kind of deteriorate...In the last
few years we have seen polar bears that come closer to town...When there is less sea ice
they go close to town for food...but you know, polar bears can catch fish and eat other
things other than seal...The ones that | have seen are mostly healthy, there may be a rare
one that is a really skinny one. But most of them they look healthy.” (Anonymous 03,
Kimmirut)

However, one contributor explained that while polar bears were highly adaptable, they may face
difficulties finding suitable denning habitat if snow cover continues to decrease. Another noted
that polar bear hide quality could be impacted in the future by changes in sea ice availability.

‘I am aware of the weather changes today: it is a lot warmer with the climate change. |
think the bears will be able to survive the global climate change, maybe because they are
top predators. | have not noticed polar bears being affected by climate change. Today
there is a lot less snow and | think that polar bears may not have a place to den because
of lack of snow. If the bears will be unable to nurse because of lack of snow where they
can den, | am uncertain of what would happen to them.” (Sandy Akavak, Kimmirut)

“My only concern is that the ice goes out, the land, you know, and everything goes out and
melts a lot faster now. That means [polar bears] are going to spend more time on the land
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and...my question is how the skin will turn out in the future, you know. They seem to have
been eating more [from the land] than they were before, like eggs.” (David Kooneeliusie,
Pangnirtung)

Several participants from Pangnirtung and Kimmirut shared some perspectives on human-polar
bear interactions and how these may evolve into the future. Some indicated that a continued
increase in polar bear abundance will pose an increasing threat to the safety of community
members.

“It seems like [were] getting more and more, another 20 years and we would have polar
bears everywhere.” (Simeonie Keenainak, Pangnirtung)

“It will get more dangerous if the [polar bear] population keeps growing and growing.”
(Lazarusie Ishulutag, Pangnirtung)

“Nowadays | am noticing [polar bears] coming into town more and my concern would be
what if they start eating people and hunting people.” (Ejetsiak Padluq, Kimmirut)

“For the future, | would be concerned if polar bears are overpopulated that would not be
too good for the humans but it is hard to predict the future.” (Akeego Killiktee, Kimmirut)

Several contributors also emphasized the importance of healthy polar bear populations for future
generations and maintaining Inuit cultural traditions.

“I hope there will be enough [polar bears] for the future. | know there are, | can say there
are more [bears] than there were before. But according to the researchers they re saying
there’s less, but | would say there’s more from my experience. | hope that numbers stay
because it’s for the younger generation...At a very young age, men, young teenagers start
hunting. They have to learn, they have to, for their kids. There should be hunting, there
should be. The numbers shouldnt be too low. But still, from what | know, there’s a lot more
polar bears now.” (Geetee Maniapik, Pangnirtung)

“For what | have been hearing internationally they are saying that polar bear habitat is
[withering] and | guess in the future it may become harder to harvest bears. Although |
think that we are going to keep harvesting bears. We may not going to be able to sell the
hide but we will still harvest them for the meat.” (Anonymous 02, Kimmirut)

“I don't like...polar bears to be [extinguished], | want them to be increased...Same with all

animals...We live with, we live on seals and all the wild animals, like polar bear, seal,
caribou, fish. We mostly live with, live on those.” (Meeka Alivaktuk, Pangnirtung)
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Polar bear management and stewardship

During individual interviews, contributors voiced their perspectives and concerns related to polar
bear management and stewardship. They also shared their views on existing communications
between polar bear researchers and Nunavummiut, and suggested ways to improve knowledge
exchange and foster trust building between Nunavummiut, polar bear researchers and wildlife
managers.

Concerns over public safety

Concerns over public safety emerged strongly during interviews. When prompted to discuss their
concerns about polar bear management, all individual interview contributors (n=27) highlighted
that they were especially concerned about increasing polar bear aggressions and human-polar
bear encounters that posed a threat to human safety (see also ‘Human-polar bear interactions’
section).

“Now, there’s so many polar bears you hear stories of people being attacked by polar
bears in different communities.” (Lazarusie Ishulutaq, Pangnirtung)

“My only concern is about the safety of the community and people that go out. The safety
is my highest concern. | have this concern since the 90s.” (Sandy Akavak, Kimmirut)

“Polar bears have increased in numbers and they start to come to communities more often.
This is my concern!” (Kooyoo Padluq, Kimmirut)

Harvest quotas and hunting regulations

Contributors shared perspectives on harvest quotas and hunting regulations primarily in the
context of their concerns over public safety. While many participants acknowledged polar bear
management efforts, some felt harvest quotas and hunting regulations should better
accommodate increasing human-polar bear interactions and associated safety concerns. Several
contributors from both communities also noted that current polar bear management practices
differed from how Inuit would traditionally manage their interactions with polar bears. Some
expressed the view that Inuit should have greater control over polar bear harvest management in
order to keep people safe. The importance of IQ in polar bear management and stewardship was
emphasized.

When commenting on the quota system, many contributors recognized that management efforts
have been successful in increasing polar bear abundance (see also ‘Abundance’ section).

“I think the management system is working properly because [polar bears] are increasing,
they are not decreasing. People follow the management and listen.” (Peter
Kanayuk, Pangnirtung)

However, several participants from both communities expressed the view that polar bear
harvesting quotas should be increased to address concerns over public safety (n=7 in
Pangnirtung; n=3 in Kimmirut), as well as to support healthy seal populations and Inuit food
security (n=1 in Pangnirtung). None of the participants suggested a reduction in existing harvest
levels.
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“[The quota system] has worked pretty well so far because if there were no quotas in the
past then we wouldnt be seeing polar bears as often as we do now. But | think some
changes need to be made so that polar bears don’t endanger the lives of human beings.”
(Anonymous 04, Pangnirtung)

“Nowadays with the quotas being in place and with sometimes bears coming into camps
and into the community and needing to be scared off, they [management partners] would
need to work on getting quotas up higher than the normal quota range.” (ltee Temela,
Kimmirut)

“It would be nice if there can be more harvesting so the [bear] numbers can decline a bit
because for younger generations and like, to whoever goes out hunting it’s worrisome...It
can be worrisome to encounter a polar bear, like you want to enjoy yourself out there but
on the side of that you have to worry about polar bears coming. | would like that
[population] to drop a bit.” (Michael Kisa, Pangnirtung)

“For the sake of the seal pups, the quota should increase...If there is no immediate
management put in place to increase the harvesting of polar bears in Nunavut, | am afraid
that the seal population is going to be very low. So therefore food security for human
beings is going to be endangered, that is what | think.” (Johnny Mike, Pangnirtung)

Some contributors nonetheless emphasized that harvest management should remain
sustainable.

“I'd like to see maybe a bit decrease in population for safety reasons but not to the extent
[polar bears] would become an endangered species. And hopefully the polar bears can
survive whatever the changes we go through.” (Anonymous 03, Kimmirut)

Three contributors from Pangnirtung also expressed their lack of support for the quota system in
place and suggested reverting to traditional Inuit polar bear stewardship practices to ensure public
safety.

“I talked to other people in different communities and they all think that if we did it like back
then, like killed polar bears whenever they come and it doesnt matter how much, it would
be safer for everyone. It wouldn’t be as dangerous...Other Elders in other communities
think that’s how it should be now because there’s foo many.” (Lazarusie Ishulutaq,
Pangnirtung)

“The Inuit knowledge should not be touched. If it’s been touched, Inuit way back then
would say don'...or even today. And they should not put any quotas on polar bears.”
(Leesee-Mary Kakee, Pangnirtung)

When discussing polar bears killed in defense of life and property, several participants stated that
how ‘problem bears’ and defence kills are managed nowadays was not sufficient to keep people
safe, goes against Inuit ways, and contributes to making bears less fearful of humans. Many
contributors (n=5 in Pangnirtung; n=1 in Kimmirut) specifically explained that “scaring polar bears”
that come into camps and communities as opposed to harvesting them —as Inuit traditionally did—
was not an adequate way to address concerns over public safety.
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“Inuit have a culture. When the polar bear comes into the community...the law will say try
to scare them off before you shoot them’. In Inuit law, there’s no such thing as ‘scare them
off’. You harvest it. Kill it. Why try to scare it off? He’s coming back anyway. Might end up
coming back during the night, not during the day, you know. It doesn’t work really...In the
older days, a bear comes into the camp it's a dead bear. Instead of try to scare it
off...That’s not Inuit way. That’s not Inuit law or nothing...When we do that, we just try to
making that bear smart who'll go visit again next time.” (David Kooneeliusie, Pangnirtung)

“Today, when a polar bear comes, it doesn't get killed. Back then, it had to be killed
because if it doesnt get killed they would come back all the time and damage anything
that’s old. Weve heard stories...that there was a man who got killed because that polar
bear probably kept going back and it wasnt afraid, anymore. Any polar bear that comes
to camps or places where there’s people they should be killed.” (Leesee-Mary Kakee,
Pangnirtung)

Some explained that Inuit are often reluctant to Kill polar bears in self-defence, thus putting their
safety at risk. This tension was highlighted in a story shared by a participant from Pangnirtung.

“The polar bear was very close to one of the tents and the family woke up because their
dog was barking. And they woke up and left the tent right away but they had forgotten their
baby in their tent and the polar bear was so close they had to kill it to protect their baby.
When | heard the yelling, | thought it was because of a wolf. So | grabbed my gun [rifle].
There was other people there with their guns and | kept telling them to shoot [the bear]
before it attacks the baby. But the other people kept saying that the government says we
cant shoot them. The polar bear was getting ready to jump on the tent where the baby
was. And since no one would shoot it, | had to fight one of the guys who had the gun. And
we were fighting over the gun. He got it and had the chance to shoot [the bear] before it
jumped.” (Lazarusie Ishulutaq, Pangnirtung)

Several contributors (n=5 in Kimmirut; n=1 in Pangnirtung) also shared the view that defence kills
should not be subtracted from community harvesting quotas. Some suggested that hides from
polar bears harvested in self-defence should be returned to the hunter rather than being kept by
the local Wildlife Officer (n=2 in Kimmirut; n=1 in Pangnirtung).

“Back in the old days, any polar bear was harvested without having to have a tag.
Nowadays with the tags and quotas in place, it is very difficult. Bears come in and out and
having no tags and having to encounter a bear it is not a very pleasant experience. Having
to defend your life and cannot kill a bear because of the quotas or the tags being used up
[makes things] much more difficult now than in the past...Defence kills should not be used
[to determine] the quota for the next hunting season and the hide is taken away...They
should make change in these areas, too.” (Eliyah Padluq, Kimmirut)

“When we harvest a ‘defence kill’ that comes from the quota, the hunter doesnt get to
keep the hide. The hide should be given to the person who killed the bear for defence.”
(Kooyoo Padlug, Kimmirut)

“[Defence kills] should not come out of the quota system. Because it’s self-defence. When

that happens, you lose your quota, that polar bear skin. The polar bear is usually taken,
skinned by the Wildlife Officer. We dont want anybody to take what we catch, if we want
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to use it. Because it’s not endangering the polar bear. If we ve only got a few polar bears,
yes get it out of the quota, but there’s so many polar bears.” (Peter Kanayuk, Pangnirtung)

When discussing hunting regulations, two contributors from Kimmirut suggested extending the
current polar bear harvest season into the summer, when human-bear interactions are likely.
Some contributors (n=2 in Kimmirut; n=1 in Pangnirtung) also expressed a desire to harvest polar
bear cubs?2.

“Some of the management decisions are not too accurate. During the summer time when
it is not harvest season the bear will come up to the community and has to be chased
away. But then when it is chased away it1l come back and it has to be called a defence
kill. Why cant we have the year round quotas or something similar in place? Because if
we could hunt the bears during the summer season we won't be too afraid...Why cant
they have something put in place for the summer too? Maybe that way we won't be too
afraid to be out [on the land].” (Akeego Killiktee, Kimmirut)

“If the management could include summer harvesting quotas that would be beneficial, as
well as to include in the management to harvest cubs. | heard Elders saying that they
would like to have cubs and | would like to experience that myself too, the taste of the
meat of a cub...Long before | was born they did harvest cubs and my grandparents used
to mention that they would love to be able to harvest cubs.” (Kooyoo Padluq, Kimmirut)

Five participants (n=3 in Pangnirtung; n=2 in Kimmirut) further suggested changes to sex-
selective harvesting practices?® that would lead to an increase in the amount of females harvested.

“I know theyre protecting [female polar bears] for the future but if [hunters are] not going
to get females, [polar bears are] just going to grow...more numbers. Because just males
are being harvested. | feel there are more polar bears around because cubs are growing
up...More males are caught than females. There are being more and more polar bears.”
(Geetee Maniapik, Pangnirtung)

Throughout discussions related to harvest quotas and hunting regulations, participants
emphasized the importance of Inuit Qaujimajatugangit in polar bear management and
stewardship.

“I think Inuit 1Q should be used to manage [polar bears]. 1Q should be given a chance like
science knowledge that has been ruling polar bear quota. | think 1Q should be put in place
to manage the polar bear population as much as science has been used for quite some
time...I think 1Q should be given better consideration for managing polar bear
populations.” (Johnny Mike, Pangnirtung)

12 The harvest of polar bear cubs and family groups is permitted in Nunavut under certain conditions.
Hunters must request and obtain a permit in order to be allowed to harvest polar bear cubs. Some
contributors were not aware of the existence of this provision which speaks to the need for greater
information dissemination on this topic among Nunavut harvesters.
13 Interviews were conducted in 2019 soon before the polar bear harvest sex ratio was adjusted to one
male for every female (1:1) across Nunavut.
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Communication

Many participants from Pangnirtung and Kimmirut expressed their interest in scientific research
conducted on polar bears. However, while acknowledging communication efforts made by polar
bear researchers to date, several participants from both communities stated that they would like
to receive or have access to more information about scientific research conducted on polar bears.
Many highlighted that polar bear research communication with community members could be
improved (n=8 in Kimmirut; n=6 in Pangnirtung).

“I did not receive information from scientists, | have never talked to a scientist before.
[When | was part of the bear survey], | was just counting the bears and | did not receive
information back. We were just counting and they did not forwarded the conclusions. They
didn’t tell me.” (Anonymous 01, Kimmirut)

“l think that scientists do provide good information because that’s their duties to do,
whenever they do science they should share all the information so that everybody is
aware. Or at least give them to the HTOs and they can provide them to the public.”
(Anonymous 03, Kimmirut)

“Because scientists dont report to us directly, we hear the information through the news
first before the information comes back to the community... They seem to conduct studies
more often by helicopter and then we would hear back information through the news first
before we are given [information] to us directly.” (Kooyoo Padluq, Kimmirut)

“Whenever we harvest a polar bear, we let the HTO know, we give them samples, all the
samples that they require. Other than that, | don't know of any other reporting system...If
[communication] was better, then the community would be more aware of what the
situation is, the community as a whole...I dont know what’s already happening now, but
that information needs to be shared with not only the HTO but with the community itself,
through maybe community consultations or community information sessions.”
(Anonymous 04, Pangnirtung)

Perspectives shared by participants highlighted that improving polar bear research
communication was particularly important given the presence of some community mistrust
towards scientific research methods and polar bear researchers, and the existence of divergences
between scientific and Inuit observations.

“People down South say that the polar bears are becoming extinct, that is because they
have never been up here and when they are counting the population, they do not check
all the places. They just go to some places but not all.” (Matiusie Maniapik, Pangnirtung)

“And information [from polar bear scientists] is sometimes provided and sometimes it’s not
really true at all. That’s my concern. Number of bears are not going down. They're not
starving yet. The population’s still going up so which just means [bears are] still eating
good...I have heard so many times on the news or talking to the people that polar bears
are not actively hunting in open water. To me, that’s not so...That’s not true...l see [polar
bears] all the time and then when | hear on the news that there is no ice, that polar bears
will be starving, theyl be all gone, no way. Where do they get that information from? It’s
not true. Someone is giving out not true information at all to the world. It’s really wrong.”
(David Kooneeliusie, Pangnirtung)
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“People that count the bears and study the bears they do not normally consult back to the
town’s people...When they do bear observations in the summertime, if they say that the
numbers are declining that’s where | would debate. Sure they are white and easy to be
seen in the summer time but some of them can also make themselves dirty to camouflage.
| think that people that survey the area by helicopter there is a certain percentage that they
don't see, compared to what we see. Polar bears are capable of camouflaging themselves,
rolling around dirt and mud to [disguise] their white presence. | have seen a bear that
looked almost like a rock...I am kind of on defence when they are stating what they see
compare to what | see.” (Ejetsiak Padluq, Kimmirut)

“Scientists who don't live in our communities and who live down South say that they have
a lot of knowledge about our animals but yet the Inuit are the ones who would know more
because we are in the community and are the observers of our animals. We are telling,
you know, what we know. But the scientists who come up will say ‘1 know these’. But we
say no, you don'.” (Itee Temela, Kimmirut)

Many contributors (n=9 in Kimmirut; n=4 in Pangnirtung) offered concrete suggestions for
improving communications and fostering trust building between community members, polar bear
researchers and wildlife managers. Several participants highlighted the need for polar bear
researchers to share more information with and seek input from community members. Some
suggested that information on polar bear research could be made more readily available to
community members —including youth— through different media (e.g., community radio, reports,
social media, community meetings, school presentations) in both English and Inuktitut.

“Scientists could help out by providing documentation of their studies or [communicating
information through] the local community radio.” (Ejetsiak Padluq, Kimmirut)

“We hear information from the scientist through the radio but they don't give reports...[l
would like] if they could keep us informed about what they did. | like to know what is going
on in my surroundings, so if | have to do a lot of reading | can do so. If they could [provide
reports] to the community that would be helpful, in Inuktitut...If they report back to me in
English, | will have to have someone help me.” (Akeego Killiktee, Kimmirut)

‘[Researchers should be] providing documentation of what they know [more widely] even
videos.” (Anonymous 01, Kimmirut)

“[Scientists can improve the communication of information about bears with me and the
community] by making [information] more readily available online...[They] can give us the
links of the websites where we can look [the information] up.” (Anonymous 02, Kimmirut)

“Right now we have Facebook...to find out now which community [has] been interacting
with the polar bears [and when bears] are coming into the community. We find out now a
lot faster than before.” (David Kooneeliusie, Pangnirtung)

“I dont know if scientist have met with the member of the public each time or if they ever
have. I think that they should inform the public themselves [through] community meetings.”
(Jawlie Akavak, Kimmirut)

“What scientists can share? What they know, what theyve done, what theyve studied.
And maybe [share their knowledge] even to the high school. If they can come and share
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what they e learned and what’s going on, the students will know what’s happening to the
polar bear population up here.” (Meeka Alivaktuk, Pangnirtung)

“If the scientists themselves cannot come to the community, [they can] work with the HTO
and then they will pass [the information]. What information they got, they can pass it onto
the community with the local radio station or something like that...What is taken from the
North should come back to the community as information.” (David Kooneeliusie,
Pangnirtung)

Participants also mentioned that they were particularly interested in obtaining scientific
information on the health, abundance and distribution of polar bears.

“[l am interested to know] if [polar bears] are sick or not, you know? And we could give
[samples] to them [researchers] so they can find out if something is wrong with the bear
or anything like that. That’s important.” (Peter Kanayuk, Pangnirtung)

“[l am interested to know about] their health because theyre our meat, like we only hunt
[polar bears] for food, not just for fun.” (Geetee Maniapik, Pangnirtung)

“I have strong concerns there because our Elders say polar bears hunt even better in the
summertime because that’s when theyTe building up the fat for the winter, right, and
there’s no ice during the summertime unless there’s that multi-year ice coming in. So there
has to be better knowledge, this needs to happen.” (Anonymous 04, Pangnirtung)

“I think that looking at the heath of polar bear would be very helpful and | have just heard
that some polar bears may have more chances of getting PCBs [contaminants]. It would
be interesting to receive more information about that.” (Anonymous 03, Kimmirut)

“I would be interested in knowing if they are declining [or] if they are still the same. If they
are more healthy or if they are less healthy. This would be good to know.” (Anonymous 01,
Kimmirut)

“I would like to know the population numbers of polar bears...I think | have the right to
know the population numbers, the health [of bears] and what management does.” (Ejetsiak
Padluqg, Kimmirut)

Several contributors emphasized that relationship building and creating opportunities for dialogue
between science and IQ was key to improving knowledge exchange and fostering trust building
between Nunavummiut and polar bear researchers. Some encouraged polar bear researchers to
engage more with Nunavut communities in order to develop greater mutual understanding and
ensure that accurate information was shared.

“The scientists have to work with community members to give accurate information.”
(Kooyoo Padlug, Kimmirut)
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“I think there should be, like | said earlier, a better relation between the researchers or the
scientists and the people in the community so that information is accurate and that the
community knows what the scientists know because we often say this is the truth because
this is what we re hearing’ or this is our knowledge’. If we're not hearing the scientist side
then the truth may not be the whole truth...Because we're not hearing what theyte
saying...There’s always studies saying that polar bears are decreasing and that theyre
becoming endangered and all that but us, were seeing more [polar bears]. So there has
to be better communication...between the two so that the information is accurate.”
(Anonymous 04, Pangnirtung)

“All the information are in the community...[Scientists should] work with the people along
the coastline of Baffin Island. That’s where the bears are. And the kids start seeing polar
bears when they are still on their mother’s back. So that’s a good information...If scientists
work together [with communities] | know more people will listen or myself, | would.”
(David Kooneeliusie, Pangnirtung)
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CONCLUSION

This study explored the detailed historic and contemporary knowledge held by Nunavut Inuit about
polar bear ecology and health, as well as the importance of nanuq to Inuit and perspectives on
polar bear management and stewardship.

Overall, interview contributors from Pangnirtung and Kimmirut reported that polar bears they
encounter are today generally healthy. Observations suggestive of a healthy polar bear population
included: an increase in polar bear abundance systematically reported by participants over their
lifetime, no change in cub productivity and survival reported over time, females with two cubs
being most frequently observed, and rare reports of polar bear disease or non-hunting related
mortality. However, in recent years, contributors pointed to some subtle changes —which could be
early signs of change— in polar bear health, including a slight decline in polar bear fathess and
overall heath noted by some participants and occasional reports of hair loss (alopecia).
Participants had also observed changes in polar bear prey availability and habitat condition over
time, including changes in sea ice quality and quantity and a major decline in the abundance of
ringed seal (the main polar bear prey) observed around both Kimmirut and Pangnirtung. At the
time interviews were conducted, such changes were not reflected in observations related to cub
productivity and survival, which had remained stable according to contributors from both
communities. Contributors emphasized that nanuq is a resilient and opportunistic predator that is
highly adaptable to changes in prey availability and habitat conditions. Regular documentation of
Inuit observations will be required to understand how polar bear population health, including body
condition status and population demographics, evolve over time.

Importantly, results from this study highlighted public safety concerns arising from increased
human-polar bear interactions and encounters. Public safety both in the community and on the
land was unanimously raised by participants as a primary concern that should be addressed.
Testimonies from project contributors suggested that polar bear management today must find
ways to address public safety concerns, while ensuring that polar bears persist into the future and
remain available for future generations.

This study illustrated that Inuit Qaujimajatugangit offers unique year-round historical and
contemporary ecological observations which can enhance our collective understanding of nanuq,
and provides key insight and perspectives on polar bear management and stewardship. Polar
bears experts interviewed demonstrated a strong ability to detect and observe ecological changes
over time and recall unusual events; they also identified polar bear health indicators employed to
guide their harvesting and consumption decisions. Furthermore, this report explored the
specialized knowledge held by Inuit women and men, who can both make unique contributions to
our understanding of polar bear health. Collectively, our findings therefore highlight the substantial
contributions that 1Q holders can make to polar bear research, monitoring and adaptive co-
management.

Inuit Qaujimajatugangit emphasizes the importance of maintaining respectful relationships
between humans and polar bears and reminds us of our collective responsibility towards nanuq
and future generations. To this end, generating opportunities for knowledge and information
exchange among Nunavummiut, polar bear researchers and wildlife managers will be important.
We therefore hope this work can serve to inform polar bear management and decision-making,
as well as ongoing and future community-based monitoring and research efforts in Nunavut and
beyond.
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APPENDIX 1. Contributing authors — biographies

Biographies and pictures are provided below with permission. Please refer to ‘Contributing
authors’ section for a comprehensive list of contributing authors.

KIMMIRUT

Jawlie Akavak

Jawlie was born on April 6, 1951 right on the other side of
the bay of Kimmirut (at that time named Lake Harbour).
Jawlie lived all his life in Kimmirut and vividly recalls that the
community was quite different when he was a child. In the
winter, only 20 people lived in the community. In the
summer, other Inuit living in outpost camps further away
would come into town and, for a week or two during sealift
time, the population of Lake Harbour would double.
Although Jawlie does not consider himself a polar bear
hunter, he has been observing polar bears all his life. He has

' been regularly travelling on the land and harvesting country

food since his youth, and continues to do so today. When he
goes on the land, Jawlie always brings along his dogs that
alert him and his family when polar bears are close by, and
help them to stay safe while traveling and camping on nuna.

Sandy Akavak was born on June 14, 1941 in the outpost

camp of Nuvuktigpaaraluk, the “outermost point on the

land”. He was raised on the land. During his childhood, he

was always on the move traveling between his family’s
. summer, spring and winter camps. When his father starting

working with the RCMP in 1947, he and his family relocated
to Kimmirut. His father helped RCMP officers travel from
place to place by dog team and boat, and Sandy followed
along. In 1967, his father retired and Sandy took over the
job, becoming an RCMP officer himself at a time when the
last few dog teams were used to travel. Sandy has been
mainly based in Kimmirut ever since, and worked for a few
years in Igaluit and Pangnirtung in the 1970s. Similar to his
father, his job was to help RCMP officers travel on the land
and between communities. Back then, there was no

Conservation Officer; the RCMP was responsible for polar bear management, including quotas.
In the late 1960s, Sandy remembers that there was a quota of only three polar bears for the
Kimmirut area. He vividly remembers the first polar bear he harvested in 1962 as it was the same
day his daughter was born. At that time, he sold the hide —a 9 footer— for $50 in Igaluit, which is
much lower than prices obtained in the 1980s and beyond. Although Sandy does not harvest polar
bears anymore, he still enjoys travelling on the land and harvesting country foods.

119



Rosemary Allen

Rosemary was born in 1964 in an outpost camp near
Qikigtarjuak. At the age of two, she went to Toronto for health
reasons and then moved to Inuvik as her father was working
for the DEW line sites. Rosemary moved back to Qikigtarjuak
in 1979, and then to Kimmirut in 1984 where she has lived
ever since. In 2018, she started to clean polar bear hides.
She has prepared two polar bear hides to date.

Joe was born on the land in one of the earlier Hudson’s Bay
Company trading posts located on the north side of
Frobisher Bay. His father worked for the Company, and
travelled with Joe and his family. At the age of three, Joe
moved to Kimmirut with his family; they travelled all the way
by boat crossing Frobisher Bay first, and then following the
8 coast up to Kimmirut (at that time known as Lake Harbour).
- Joe and his family lived in Kimmirut for about ten years, then
| moved to Cape Dorset, and two years later returned back to
the Kimmirut area. At that time, Joe was a young boy eager
to learn more about his culture, and how to hunt the ‘Inuit
way’. In the outpost camp of Qijujuaq, he learned the
traditional lifestyle living in sod houses made with moss, soil,
and a bit of drift wood. There, he also learned how to hunt
seals on his own in a kayak.

In the early 1960s, he moved to Kimmirut and has lived in the community ever since. Although
Joe now does not actively hunt polar bears anymore he still goes out on the land, and uses the
hide of the last polar bear he harvested as a warm mattress to sit on in the gamutiik. Joe holds a
wealth of knowledge about nuna and its wildlife. He is eager to pass on what he has learned over
his lifetime to the young Nunavummiut, tomorrow’s leaders.
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Joannie Ikkidluak

Joannie was born on June 10, 1945. He grew up in an
outpost camp in the Markham Bay area. At that time, he was
traveling by dog team, by boat, and also walking long
distances on the land.

Joannie recalls seeing his first polar bear in the 1970s. He
harvested a polar bear for the first time in 1987 —this bear
was a 13 footer which was going after the bait he had used
for his trapline. Since then, Joannie has been polar bear
hunting almost every since then. He was a board member
for the Nunavut Wildlife Management Board for a number of
years.

Akulujuk Judea

+ l!' o Akulujuk was born in 1949 in Kimmirut. She started cleaning
y polar bear hides in the early 1970s and has been cleaning
5 e ES polar bear hides up to this day.
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Akeego Killiktee

Akeego Killiktee was born on September 5, 1952 in an outpost camp located in Kugalik. She grew
up on the land living with her family in Qijujuag, a place named after a tree log. She moved to
Kimmirut in 1979 and has been living in the community since then. In her adult life, she has
enjoyed living on the land especially during the spring. Akeego has been cleaning polar bear hides
since 1979. She has cleaned and stretched so many hides that she is not even sure how many
she has done to this date. She now wishes she had counted them from the start! Today, Akeego
enjoys traveling on the land whenever she has the opportunity and she is thankful whenever she
can eat country foods.

Mikidjuk Kolola

Mikidjuk was born on November 19, 1949. He grew up in an
outpost camp in the Kimmirut area and started to travel on
the land at the age of nine.

In the 1950s, Mikidjuk never heard anyone talking about
polar bears in the Kimmirut area. He recalls observing his
first polar bear in the early 1960s when he used to camp in
tents during the warmer season. At that time, Mikidjuk was
~ not worried about polar bears but nowadays travelling on the
land can be dangerous due to the presence of polar bears.

Mikidjuk is a polar bear hunter who enjoys travelling on the
land and observing wildlife.

Pitsiula Michael

Pitsiula was born on January 18, 1965 in Igaluit. He spent his childhood in Kimmirut and lived in
an outpost camp in the Markham Bay area from 1977 to 1990 — going back to the community by
boat and skidoo during that time. Pitsiula then moved to Cape Dorset in 1990, and back to
Kimmirut in 1993 where he has lived ever since.

Pitsiula started observing polar bears around 1970s, and regularly travels to his preferred hunting
grounds in the Markham Bay area. He also occasionally travels to the south shore of the Meta
Incognita Peninsula.

Pitsiula harvested his first polar bear when he was 16 years old. Since then, he has participated
in many polar bear hunts and has been helping with polar bear sport hunts in Kimmirut.
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Saimata Onalik

| Saimata was born in a tent on the shore of Lake Harbour on
July 11, 1958. She has cleaned three polar bear hides over
her lifetime.

Eliyah Padluq

Eliyah was born in an outpost camp on March 12, 1941. Eliyah grew up on the land and throughout
his childhood he lived with his family in over seven different camps located along the south shore
of Baffin Island, on Meta Incognita peninsula, and on Big Island. Eliyah has lived in the Kimmirut
area all his life and he knows the land surrounding Kimmirut as if it was his backyard! In his
lifetime, Eliyah has harvested over 30 polar bears: the first one was “at a time when counting time
was not needed” and the last polar bear he harvested was just last year, in 2018. Eliyah continues
to enjoy traveling on the land and the ocean and harvesting wildlife, including the mighty polar
bears, up to this date.

Ejetsiak Padluq

Ejetsiak was born on April 1966 in the outpost camp of Qijujuaq, about 55 km east from Kimmirut.
He lived in Qijujuaq with his family until 1982. His grandfather was the leader of the outpost camp;
when he passed away in 1982, Ejetsiak moved to Kimmirut with his family where he has lived
ever since. Ejetsiak is an avid hunter. He has been harvesting polar bears since the age of 17
and even lost count of how many he has harvested.
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Jeannie Padlug

Kooyoo Padluqg

Kooyoo was born in Igaluit. He grew up on the land in the outpost camp of Qijujuag until he
was 16, and then moved to Kimmirut with his family. Since then, he has been living in Kimmirut.
Kooyoo loves country foods and regularly goes on the land to harvest seals, caribou when
possible, fish, birds, whales, bird eggs, and polar bears. He has been working at the Hamlet for
over 30 years.

Davidee Temela

Jeannie Padlug was born on June 9, 1949 in Kimmirut right
in town where the nursing station is now located. She grew
up in Kimmirut and Itinnaapik, a camp close by town at the
mouth of the harbour. Throughout her life, Jeannie has
cleaned and prepared over 60 polar bear hides and she
does it up to this date. Jeannie is very active in the
community. She very much enjoys going to the school and
sharing her knowledge with young Kimmirumiut. Amongst
other things, Jeannie enjoys going out on the land. She likes
going to lakes “especially if they have fish”.

Davidee was born in Kimmirut in 1984. Since the early
1990s, he has been travelling on the land with his father,
observing and harvesting wildlife. Today, Davidee is a very
active harvester who provides country food for his family.
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Isaac Temela

ltee Temela

Isaac was born on November 24™, 1978 in Igaluit, at that
time known as Frobisher Bay and still part of the Northwest
Territories. Isaac has lived in Kimmirut since his early
childhood. He started hunting at the age of twelve using an
old fashion Chipmunk .22 rifle. Even before then, since he
was nine, Isaac has been mining soapstone in the Markham
Bay area. Every summer, Isaac goes together with other
miners from Kimmirut and Igaluit to Tatsittut (Inuktitut name

, for Markham Bay): the place of mist and fog. He has been

doing so for over thirty years and sometimes he has traveled
by tugboat to bring the mined soapstone from Kimmirut to
Igaluit. Isaac harvested his first polar bear when he was
sixteen years old in a cold day in January. He enjoys his land
and observing all the wildlife that lives in it, including the
majestic polar bears.

On September 2, 1948, Itee Temela decided it was time ‘to
see the world’ once her mom was in Kimmirut during one of
the regular trips she was doing from the outpost camp of
Ukialivilut where she was living with her family. Itee grew up
on the land, in Ukialivilut during her early childhood and in
Qijujuaq, closer to Kimmirut, in her young adult life. She still
goes to Qijujuaq every fall to wait for the whales to come
back; four years ago, she visited Ukialivilut, a place where
she holds strong connection to, since her mother was buried

. there.

Itee is still an active hunter and goes regularly out on the
land to harvest country foods. Seals are her favourite. Since
her childhood, she has been helping scraping and stretching
polar bear hides and she still does it today.
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PANGNIRTUNG

Leopa Akpalialuk

- i =

Meeka was born in Nunataq and lived there until she was
eight years old. From there, her family moved to and lived at
another camp for two years before Meeka and her family
were relocated to Pangnirtung by the federal government. In
1969, Meeka went to residential school in Churchill,
Manitoba, for one year. She lived in Igaluit from 1994 to
1996 to receive training for a job at a school.

After polar bear quotas were established, Meeka was the
first woman in her community to harvest a polar bear (in the
1980s). At that time, she had to travel further from the
community to harvest polar bears than where people travel

' to harvest them today. Although she has not harvested polar

bears since, she has cleaned many hides over her lifetime
and is experienced with polar bears through that work. She
also participates in polar bear hunts with other community

members. Meeka enjoys traveling on the land to go hunting (for seals, beluga and caribou) and
fishing almost every year. Two years ago, she built a cabin and has been traveling there mostly

in the summertime.
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Leesee-Mary Kakee

Leesee-Mary was born in an igloo and grew up in Ujjuituq
(“place of bearded seal”) until she was nine years old. She
began hunting with her father at a very young age. In the
summertime, she would go fishing and seal hunting with her
father. Leesee would also accompany her father whenever
he went polar bear hunting: “My father wanted to leave me
behind when he was going after the polar bear, but | wanted
to go so badly | cried.” She was eight years old at the last
time she went polar bear hunting with her father. When she
was 14 years old, Leesee moved to Pangnirtung. At that
time, she and her father stopped hunting. She would travel
back and forth between areas where each side of her
parents’ family lived. She would travel by foot or boat in the
summer, and dog team in the winter and spring. She moved
to Pangnirtung in 1962 and has lived there since.

In her lifetime, Leesee has helped cleaned polar bear hides on two occasions. Today, she still
actively travels on the land. She has a cabin that is accessible by boat in the summertime.

Peter Kanayuk

Y

Peter Kanayuk was born in 1951 at Usualuk, an outpost
camp located close to Pangnirtung. He spent his childhood
and early life in Qimmisuug on the south shore of
Cumberland Sound. Peter grew up on the land, hunting with
his family and travelling by dog team. He remembers a time
when many dogs in camps were sick and dying; because of
that, families were forced to relocate to Pangnirtung. His
family was one of the last few to be relocated to Pangnirtung
in the mid-1960s. After attending residential school in
Manitoba, Peter worked briefly for the RCMP. He then
settled permanently in Pangnirtung where he became a
heavy equipment operator.

Peter has spent his life hunting and traveling on the land
surrounding Pangnirtung. He has been hunting polar bears
since he was about 20 years old and continues to go hunting

with his son-in-law. He travels on the land year-round and has had to scare polar bears away
from approaching his camps. Throughout his lifetime, he has gained considerable experience
observing, hunting, and butchering polar bears.
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Abraham Keenainak

Abraham was born on the land and moved to the Nunataq
area, where he lived until he was 21 years old. When he
married, Abraham moved to Igalulik and lived there for about
five years before moving to Pangnirtung in the late 1960s.
In Pangnirtung, he was introduced to the snowmobile; up
until then he had only travelled by dog team. Abraham
worked for the Hudson Bay Company for about five years,
trading sealskin, polar bear hides, as well as wolf and fox
pelts. He then worked as a heavy equipment operator.

Abraham caught his first polar bear when he was in his 30s,
and harvested his last polar bear in 2018. He has caught six
polar bears over his lifetime. Today, in the spring and
summer, Abraham goes camping on the land to hunt
caribou, seal, fox, walrus and polar bear, as well as goes
fishing. He also harvests beluga and narwhal. He has seen

bowhead whale on his trips but has never harvested one himself. Since retiring in 2006, Abraham
has had more time to go hunting: “The only thing that stops me from hunting is bad weather!”

Simeonee Keenainak

Simeonee learned how to hunt polar bears from his father in
the 1960s, and has spent most of his time camping and
traveling on the land around Pangnirtung and Igaluit. Until
the 1980s, he worked as an RCMP officer, moving from
community to community every two years. In the past, he
would travel by dog team. Today, he travels by boat and
skidoo, depending on the season. He has travelled on the
land wherever he has lived.

Simeonee is experienced with all of Cumberland Sound,
from wildlife to sea ice and travel conditions. His first polar
bear hunt was with his father, and since then he has gone
hunting for polar bears around Pangnirtung and Igaluit; his
most recent harvest was in 2005.

In addition to polar bears, he has harvested a range of

wildlife — “anything that moves” — across broad areas where he has lived. He continues to go
camping all year round. In addition to hunting, Simeonee also observes and encounters wildlife
through photography. Since 2017, he has been the Chairperson of the Pangnirtung Hunters and

Trappers Organization.
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Michael Kisa

Michael Kisa was born during the summer in a sod house at
Qarmakuluk. After his mother passed away during childbirth,
his godmother brought him to Pangnirtung. He has lived
there since, although he lived in a camp with his parents for
three years when he was a teenager.

In the 1990s and 2000s, Michael worked as a Conservation
Officer in Pangnirtung. He would spend time tracking polar
bears and measuring their tracks. Michael caught his first
polar bear at 19 years old and has harvested approximately
15 polar bears since. He harvested his last polar bear two
years ago. Michael has also had three personal encounters
with polar bears. Today, he enjoys travelling by boat to catch
fish and narwhal.

David Kooneeliusie

David was born on Nunatag, just outside of Pangnirtung. He and his family have lived in many
places, including Ikaluktutiak (Cambridge Bay), Qikigtaq, Pelican Island, North Pangnirtung Fjord,
and Qikigtarjuag. He went to residential school in Churchill, Manitoba, from 1965 to 1968.

David learned how to hunt and butcher polar bears at a young age from his father. He also worked
for Parks Canada for 25 years. During this time, he became experienced with observing polar
bears through bear surveys and research by helicopter and snow machine. These surveys
included making observations at dens, recording tracks and sightings, and mark-recapture. David
was transferred to Pangnirtung in 1997, where he started working full time. He has lived in
Pangnirtung since then, apart from traveling for Parks Canada training. After moving to
Pangnirtung, he has not been hunting as much, except to teach his children how to hunt. David
retired in 2009.
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Lazarusie Ishulutaq

i Lazarusie was born on the land in Usualuk in 1948. He grew

POLAR B” S up on the land in Cumberland Sound, traveling with his
b o : family by dog team between winter, summer and spring
camps. He also grew up hunting seal and caribou amongst
other country foods. The first polar bear he saw was in the
1950s and, back then, it was a rare event. Lazarusie lived
many years in Qipisa (an outpost camp located on the south
shore of Cumberland Sound) harvesting seals to sell their
skin. When the sealskin market collapsed in the early 1980s,
he was forced to relocate to Pangnirtung. That was also the
time when polar bears started to increase in the area.

Lazarusie has experience with hunting, butchering and living
with polar bears. He has harvested over 10 polar bears since
the 1970s and continues to harvest them today (last harvest
in 2017). Because of his experience, he guides sport
hunters on their polar bear hunts around Pangnirtung. Lazarusie has also harvested other wildlife
such as seals, caribou, fish, walrus, beluga, ducks, and he continues to travel in the Cumberland
Sound year-round. He shared insights about relationships with polar bears that were gathered
from both his own observations and the experience of family members.

Geetee Maniapik

Geetee Maniapik was born on the north side of Cumberland Sound, and lived there until she was
four or five years old. Her father would travel by dog team at least once a year along the north
side of Cumberland Sound, where her mother's parents were living. Geetee moved to
Pangnirtung when her parents had to relocate into a settlement. She also lived at a permanent
camp on the land near Pangnirtung, where she would travel back and forth to the community. She
lived for a couple of years in Igaluit around 1966 and would travel there by boat. She moved to
Pangnirtung permanently in the 1970s, when her father had tuberculosis.

Over her lifetime, Geetee has cleaned or helped clean over thirty polar bear hides. Geetee started
working on polar bear hides at a very young age while helping her grandmother and sister clean
hides. Geetee has also hunted three polar bears. Today, she harvests seal, beluga, and fish. In
the spring, she goes fishing almost every weekend.
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Matiusie Maniapik

Matiusie was born on 20 January 1950 in the outpost camp
of Qipisa on the south shore of Cumberland Sound. His
family then moved north to the outpost camp of Igalulituug
in the upper part of Cumberland Sound, and Matiusie grew
up there until he was a teenager. Around 1966, the
government relocated him and his family to Pangnirtung
where he has lived since.

Matiusie spends time on the land hunting caribou and fishing
and has different cabins that he uses according to the
hunting season. He had been hunting polar bears since he
was 19 years old, and has harvested over seven polar bears
in his lifetime; his last polar bear harvest was in winter 2015
at the dump in Pangnirtung. Since polar bears hide prices
have declined about five years ago, Matiusie has lost
interest in polar bear hunting. However, he is still aware of
polar bear hunting activities taking place around Pangnirtung. He enjoys traveling year-round on
the land and observing and hunting other wildlife.

Johnny Mike

Johnny Mike was born in Pangnirtung in 1955. He lived in
the outpost camp of lllungajuk in the mid-1960s in the upper
part of the Cumberland Sound. He has lived mostly in
Pangnirtung except for brief periods in the 1970s, late
1990s, early 2000s, and from 2016 to 2018, when he was
located mostly in lgaluit. During those periods, he still
travelled frequently to Pangnirtung. Johnny also lived for a
short time in Qikigtarjuak.

Johnny served as MLA of Iqgaluit and Minister of
Environment for the Government of Nunavut between 2014
and 2018. He is an active and experienced hunter and
enjoys travelling regularly within the Cumberland Sound to
harvest and observe different animals (seals, walrus,
"% caribou, beluga, narwhal, and fish): “That is my experience
and it is quite of an experience!” He began hunting polar
bears in 1992, when he shot his first young female in self-defence while caribou hunting, and
continues to harvest polar bears whenever he has the chance. He has harvested bears on the
north and south of Cumberland Sound, as well as around Igaluit while living there in 2004. Johnny
shared his knowledge about polar bears, which he learned from his own observations, as well as
from his family and Elders.
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Davidee Nowyuk

Davidee was born in Qipisa and lived there until 1980, when
he was almost 30 years old. His family was one of the last
to remain on the land. Davidee moved to Pangnirtung in the
early 1980s and has lived there since. When he first moved
into the settlement, there was a school and hospital (due to
many people getting sick). The Hudson Bay Company was
also purchasing pelts and furs at the time.

Davidee is an active polar bear hunter and goes polar bear
hunting whenever he has the chance. He harvested his first
polar bear at a young age, when polar bear hunting was
rare. He has harvested five to six polar bears over his
lifetime, with his last harvest four years ago. He continues
polar bear hunting when he gets the chance. In addition to
polar bears, Davidee often goes turbot fishing, as well as
general fishing, clam digging, seal hunting, berry picking,
and caribou hunting. He also participates in whale hunts with other hunters from the community.

Anonymous

The project contributor was born in and has lived most of her life in Pangnirtung. As a child, she
spent some time in Igloolik and Igaluit. While growing up, her family always harvested polar bears
and she remembers hunting polar bears with her family around Pangnirtung.

Since 2008, she has cleaned over eight polar bear hides for her family and other community
members. She has also harvested one polar bear (in 2014). Over her lifetime, she has harvested
various wildlife (caribou, seals, fish, ducks, beluga and narwhal) and has encountered polar bears
when travelling on the land, whether by skidoo or boat. Her husband and sons hunt polar bears
and, as a family, they encounter polar bears on the land throughout the year. Today, she still
travels on the land near Pangnirtung, depending on the season.
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APPENDIX 2. Project team

Dominique Henri — Environment and Climate Change Canada

Dominique is an environmental social scientist with expertise in traditional/local
knowledge research. Through her work, she strives to support community-
identified research priorities and wildlife co-management in Inuit Nunangat. As
project co-leader, Dominique contributed to project initiation and design, funding
applications, fieldwork, data analysis, results sharing, and overall project
management. She lives in Montréal, QC.

Matilde Tomaselli — Polar Knowledge Canada

Matilde is a veterinarian with expertise in participatory wildlife health surveillance
. and participatory epidemiology. As project co-leader and community research
lead, Matilde contributed to funding applications, project design and execution,
including data collection, analysis and results sharing. She conducted all the
interviews with community-based researchers from Kimmirut and Pangnirtung.
Matilde recently relocated to Prince Edward Island from Cambridge Bay, NU
where she worked and lived since 2013.

Markus Dyck — Government of Nunavut

Markus is a polar bear biologist. He led the initial community engagement,
contributed to project design and funding applications, and provided assistance
in project execution.

Naomi Akavak — Kimmirut

Naomi is a community-based researcher and interpreter with expertise and
interest in oral history. She facilitated and translated interviews conducted in
Kimmirut and contributed to report validation and results sharing in her home
community.

Pudloo Pitsiulak — Kimmirut

Pudloo is a community-based researcher and youth interested in learning about Inuit
Qaujimajatugangit. He facilitated and translated interviews conducted in his home community.

Doreen Kanayuk — Pangnirtung

Doreen is a community-based researcher and youth interested in learning about
Inuit Qaujimajatugangit. She facilitated and translated interviews conducted in
Pangnirtung and contributed to report validation and results sharing in her home
community.
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Rosemary Kanayuk — Pangnirtung

Rosemary is a community-based researcher and youth interested in learning
about Inuit Qaujimajatugangit. She facilitated and translated interviews conducted
in her home community.

Board members of the Mayukalik Hunters and Trappers
Organization — Kimmirut

gl AT, Board members contributed to project design and offered guidance throughout

v £ % the project.

Pitsiulala Akavak — Kimmirut

Pitsiulala is a former Manager at the Mayukalik HTO. She contributed to project planning and
logistics in her home community.

Board members of the Pangnirtung Hunters and Trappers
Organization — Pangnirtung

\ERE S F A Board members contributed to project design and offered guidance
: ‘m*rfm“"} Qﬁ, throughout the project.

George Qaqgasiq — Pangnirtung

George is a Manager at the Pangnirtung HTO. He contributed to project planning and logistics in
his home community.

Pamela Wong — Trailmarks Systems

Pamela is a researcher trained in polar bear biology and social sciences with expertise in
traditional/local knowledge research. She contributed to data analysis and report writing.

Evan Richardson — Environment and Climate Change Canada

Evan is a polar bear research scientist that has worked across the Canadian Arctic
in support of polar bear conservation. He contributed to research design, offered
input during the preparation of this report and reviewed the final draft.
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APPENDIX 3. Invitation letter and consent form

Invitation Letter

Dear

You are invited to participate in the research project Inuit knowledge about polar bear health for
the Davis Strait polar bear population. The main goal of our project is to document Inuit knowledge
about polar bear health, abundance and distribution to support management decisions for the
Davis Strait polar bear population. This research has potential to assist your community in
communicating Inuit perspectives on polar bear health and hunting.

The project is being conducted by Environment and Climate Change Canada and the Government
of Nunavut, Department of Environment. This research is supported by local HTOs in Igaluit,
Kimmirut and Pangnirtung. It is also partly funded by the Nunavut Wildlife Management Board.

Procedures
To fully participate in an interview, you will need to provide approximately two hour(s) of your time.

The discussion will be audio recorded, photographed, and notes will be taken. We will be meeting
at on at

You will offered the amount of $ for your participation in the interview. Light
refreshments and snacks will be provided.

The information and opinions that you share during the interview will be included in the results of
this project and will be shared publicly in the form of reports, publications, or related project
outputs (e.g., maps, posters, presentations, news items, postings on the internet). During analysis
of the interviews, original audio, photo, transcript, and/or map recordings will be securely stored
at both Matilde Tomaselli and Dominique Henri’s offices. Following analysis, with your permission,
this information will also be stored in this community and made publicly accessible for heritage,
education or research purposes.

Contact information

If you have any questions or concerns about this project, or the consent you have provided,
please contact Matilde Tomaselli, Dominique Henri or your local HTO.

Matilde Tomaselli (Lead Researcher) Dominique Henri (Project Leader)

Polar Knowledge Canada Environment and Climate Change Canada
matilde.tomaselli@polar.gc.ca dominigue.henri@canada.ca

CHARS campus, Cambridge Bay, NU 105 McGill Street, 7" Floor, Montreal, QC
(867) 391-0056 (514) 496-9024

Thank you for your participation!
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Consent Form

I have received the invitation/information letter that goes along with this consent form. |
understand the interview will be audio recorded, and that photographs will be taken with my
permission. | understand that the information | share during the interview will be used by the
research team in reports and publications related to this project.

I have been fully informed of the objectives of this project. | understand these objectives and
consent to being interviewed for the project. | understand that steps will be undertaken to ensure
that this interview will remain confidential unless | consent to being identified. | also understand
that, if | wish to withdraw from the study, | may do so without any repercussions. However,
withdrawal from this study cannot happen after publication of the information documented through
this project.

| would like my name and the information | provide used as follows (please tick four boxes):

I want to be identified by name, image and/or voice in research findings, reports and
publications related to this project.

| wish to remain anonymous. My name, image or voice will not be used in communicating
the finding of this study.

| want to provide a brief personal biography to the research team and | give permission for
it to be included in any reports and publications related to this project.

I DO NOT want to provide a brief personal biography to the research team.

| want to provide a photograph of myself to the research team and | give permission for it to
be included in any reports and publications related to this project.

| DO NOT want to provide a photograph of myself to the research team.

I want my original audio, photo, transcript, and/or map recordings to be publicly accessible
and stored for future use in this community for heritage, education or research purposes.

| DO NOT want my original audio, photo, transcript, and/or map recordings to be publicly
accessible.

Participant consent: (print name)

Verbal consent, check here:
Date(s) of consent:

Witness signature:

(sign name)
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APPENDIX 4. Interview guide — individual
Interviews

Questions included in the interview guide were designed with the primary objective of collecting
robust information that can (a) help understand polar bear health over time within the study area,
(b) complement existing scientific information, and (c) allow for comparisons with other traditional
knowledge studies conducted on polar bears for the Davis Strait subpopulation.

Interview questions were co-developed among project team members. Feedback and input was
also provided by other polar bear researchers with the intent of making this project relevant for a
wide range of stakeholders.

It is important to note that the interview guide was used as a flexible support tool. Themes were
explored with contributors in such a way that their narrative guided the interview. Interviews were
also customized to capitalize on the experience of contributors. Contributors could add or skip
topics depending on their expertise.

The abridged version of the interview guide is presented below.
SECTION 1. PROJECT INFORMATION
Project intro and team introduction.
SECTION 2. GENERAL INFORMATION AND LIFE HISTORY
2(1) Personal information.
SECTION 3. CULTURAL SIGNIFICANCE OF POLAR BEARS
3(1) Are polar bears important to you? Why?
3(2) What have you used polar bears for throughout your lifetime?
SECTION 4. EXPERIENCE WITH POLAR BEAR HUNTING AND LAND USE
4(1) Have you ever hunted polar bears or participated in a polar bear hunt?

4(2) Apart from hunting polar bears, have you done any activities that allow you to see
polar bears?

4(3) Can you show us on the map the area(s) of land and ocean where you regularly travel
to and you are most familiar with (no matter if it is for hunting polar bears or other activities
such as fishing, seal hunting, egg picking or camping)? Can you tell us when do you do
these activities over the different seasons?
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SECTION 5. POLAR BEAR HEALTH AND ECOLOGY
5(1) How do you know that a polar bear is in a good shape or healthy?

5(2) In your opinion, what are the types of things you look for to know that polar bears are
doing well? (i.e., what factors make polar bears healthy)

5(3) Do you think that polar bears around this community are doing well or are healthy?
5(5) Can you describe what polar bears do and where they are at different times of year?

5(6) Are you seeing any changes in what polar bears do and where polar bears travel now
compared to the past?

5(7) Over the time you have spent in this community, has the number of polar bears
changed (increased, decreased or remained the same) according to your observations?

5(8) Over the last 10 years, has the number of polar bears changed (increased, decreased
or remained the same) according to your observations?

5(9) Do you see the same number of cubs, young and adult polar bears as in the past?

5(10) Do you think that the number or size of the family groups have changed from the
past?

5(11) Where do polar bears den and why do they go there? Can you show us on the map
where you have seen dens?

5(12) Have you observed any changes in dens?

5(13) Have you observed changes in how many cubs female polar bears have compared
to the past?

5(14) Have you observed changes in how many cubs survive after their first years?
5(15) Have you observed any changes in how polar bears behave in the mating season?

5(16) How do you know if a polar bear is fat or skinny (assess fatness)? Are the polar bears
that you see/hunt now are as fat as the polar bears you saw/hunted in the past?

5(17) Over the time you spent in this community and surrounding area, have you observed
any changes in the behaviour of polar bears?

5(18) Can you describe what polar bears eat (their diet)?

5(19) Do you see differences between what males and females eat? Between adult bears
and younger bears?
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5(20) Have you noticed any changes in what/where polar bears eat now compared to the
past?

5(21) Have you noticed any changes in the number or health of the animals that polar bear
eat?

5(22) Have you ever seen polar bears eating other polar bears? Do you see it more or less
now than in the past?

5(23) What makes a good polar bear habitat (or place to live)? Why?
5(24) Have you noticed any changes in polar bear habitat?
5(25) How would you describe a sick bear? Have you ever seen a sick bear?

5(26)* Have you ever seen anything strange in the polar bears that you have observed or
hunted so far?

5(27) Have you ever seen a dead polar bear which had not been intentionally harvested?

5(28) Apart from hunting, are there any other causes of death for polar bears that you know
of?

5(29) Have you seen any other changes related to polar bears that you would like to talk
about?

SECTION 6. GENERAL CONCERNS ABOUT POLAR BEARS

6(1) Do you have any concerns related to the polar bears around this community?
SECTION 7. MANAGEMENT AND COMMUNICATION

7(1) What do you think about the current polar bear management system?

7(2) Are there traditional ways (values/practices) about harvesting bears? Are these still
being used since quotas came in?

7(3) Do you think polar bear population boundaries for the Davis Strait population
accurately represent polar bear movements in this region?

7(4) Have you received information from scientists who conduct research about polar
bears?

7(5) How do you think the future looks like for polar bears and people?
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SECTION 8. FINAL QUESTIONS

8(1) Is there anything else that you think is important and that you want to tell us about

polar bears?

8(2) Who else in the community is knowledgeable about polar bears?

8(3) If you were interviewing other Nunavummiut about polar bear, is there a question you

would ask them that you are curious about?

8(4) That is all the questions we have for you. Do you have any questions for us?

SECTION 9. CONCLUSION

Thank-you note, honorarium and other.

*Pictures used to probe on observations of lesions and abnormalities for question 5(26).
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Alopecia or hair loss on body
— Example 1

From:

Atwood et al. 2015. Prevalence
and spatio-temporal variation of
an alopecia syndrome in polar
bears (Ursus maritimus) of the
southern Beaufort Sea. Journal
of wildlife diseases 51(1): 48-
59.
https://doi.org/10.7589/2013-
11-301



https://doi.org/10.7589/2013-11-301
https://doi.org/10.7589/2013-11-301
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Alopecia or hair loss on face
— Example 2

From:

USGS Technical
Announcement: Polar Bears in
Alaska Observed wtih Patchy
Hair Loss and other Skin
Lesions. http://www.north-
slope.org/departments/wildlife-
management/studies-and-
research-projects/polar-
bears/polar-bear-health

Hair loss, overgrown skin
and bloody lesions on the
paws — Example 3

From:

Communication prepared by
the Department of Environment
of the Government of Nunavut
posted at the Amarok Hunters
and Trappers Organization,
Igaluit, NU.


http://www.north-slope.org/departments/wildlife-management/studies-and-research-projects/polar-bears/polar-bear-health
http://www.north-slope.org/departments/wildlife-management/studies-and-research-projects/polar-bears/polar-bear-health
http://www.north-slope.org/departments/wildlife-management/studies-and-research-projects/polar-bears/polar-bear-health
http://www.north-slope.org/departments/wildlife-management/studies-and-research-projects/polar-bears/polar-bear-health
http://www.north-slope.org/departments/wildlife-management/studies-and-research-projects/polar-bears/polar-bear-health




APPENDIX 5. Participatory exercises — group
interviews

Group interviews were performed after individual interviews and were designed with intent to:
(1) corroborate and refine qualitative information documented though individual interviews; and
(2) document complementary quantitative information to improve the assessment of polar bear
health and interpret 1Q in context.

A series of participatory exercises was designed using methods and techniques from the
participatory epidemiology tradition and adapted to the wildlife research context (see Mariner and
Paskin 2000; Tomaselli et al. 2018). Various themes were explored through participatory
exercises (Table 1S). Here we provide a description of the main exercises and techniques used
during group interviews (for more information on participatory epidemiology methods see
references provided above). Proportional piling was one participatory exercise that was utilized —
either alone or in combination with other types of exercises— to generate quantitative information
(Figure 1S and Table 1S).

Table 1S. Themes discussed and associated participatory exercises employed during group interviews
conducted in Kimmirut.

Themes Associated participatory exercises

Participants’ range of direct Mapping exercises

observations and travel intensity

Polar bear relative distribution Proportional piling & mapping exercises

Polar bear relative abundance Proportional piling, drawing & temporal line exercises
Seal relative abundance Proportional piling, drawing & temporal line exercises
Polar bear cub productivity and Proportional piling exercises with visual cues

survival

Polar bear body condition (fatness) Proportional piling exercises with visual cues

Polar bear general health Proportional piling exercises

Polar bear diet Proportional piling exercises & seasonal calendar with visual cues

In general, participatory exercises were performed by all participants from a group with the
objective of collaboratively ‘solving’ the exercise, reaching consensus and providing a common
answer when possible. Mapping exercises designed to explore the geographic range of
participants’ direct observations were the only exercises performed individually. Importantly,
guantitative results generated by combining information provided by each group were validated
with study contributors in feedback sessions to ensure sure summary results accurately reflected
participants’ observations.
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Schematic of proportional piling

Mg
N I\

15%

10%

Fixed volume of counters Collaborative work Measuring counters
(e.g., beans, rice) — to separate counters —_— to enerateg ercentages
used as unit of measure proportionally g P g

Figure 1S. Schematic of the proportional piling technique. One group of participants (from left to right:
Mikidjuk Kolola, Sandy Akavak, Joannie Ikkidluak) solving together a participatory exercise on polar bear
body condition using the proportional piling technique. A fixed volume of counters (0.5 kg of beans) was
used to generate proportions. Beans were then measured using a measuring cup to generate percentages.
When proportional piling was used in combination with mapping exercises (i.e., polar bear relative
distribution exercises), a smaller counter (rice) was used to account for map size. Grains of rice were
counted manually to generate percentages. Figure adapted from Tomaselli et al. 2018 (Appendix B).

Participants’ range of direct observations and travel intensity — mapping exercises

First, we determined the spatial extent of the ecological observations of group interview
contributors (or ‘range of direct observations’) over four predetermined time periods: (1) during
the 1960s; (2) during the 1990s; (3) around 2005; and (4) over the last three years (2016-2019).
These time periods were used to optimize complementarity and comparability with scientific data
available for the Davis Strait polar bear subpopulation. For each time period (as applicable
depending on contributors’ age), individual participants were asked to draw on a topographic map
the areas or routes they had regularly travelled through. A maximum of four hand-drawn maps
were generated per contributor, representing the temporal evolution of individual travel habits or
areas of observations (Figure 2S). Hand-drawn maps were then transposed in QGIS and ArcGIS
and combined for each group and time period to create maps representing: (1) the geographic
range of direct ecological observations for all participants interviewed; and (2) travel intensity
within this range (see Figure 7).

We note that maps representing the range of direct ecological observations of individual
contributors were also obtained during individual interviews. Individual interviews maps were
combined with group interview maps to display the overall ‘range of direct observations’ (see
Figure 6) which provides the spatial context for interpretation of the information documented
through this study.
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Figure 2S. Example of hand-drawn maps representing the geographic range of direct observations for
three group interview participants over three time periods.

Polar bear relative distribution — proportional piling & mapping exercises

For each group of participants, hand-drawn maps representing the geographic range of
participants’ direct observations were produced. This information provided the basis for
determining polar bear relative distribution using proportional piling exercises conducted
collaboratively by each group. Counters (grains of rice) were used to represent polar bears.
Participants were free to determine the total number of counters to use for each exercise but had
to place them on a topographic map in a proportional way, such that more counters corresponded
to more observations of polar bears. A maximum of four maps were generated per group,
representing the temporal evolution of polar bear relative distribution within participants’ range of
observations and providing insights into differences in polar bear relative density at different
locations (Figure 3S).

After the exercises were completed, maps were photographed, and grains of rice used in each
map were counted manually so that proportions could be drawn. Maps were transposed in QGIS
and ArcGIS and counters substituted with data points. For each time period, final polar bear
relative distribution maps were produced in ArcGIS using the kernel density estimation method
(see Figure 13). By having the ‘range of direct observations’ clearly delineated for each group of
participants within our distribution maps, we were able to account for differences in observations
across groups. In particular, we were able to discriminate between areas where polar bears were
not observed (corresponding to zero number of counters) versus areas where participants did not
go (corresponding to data not available) (see Martinez-Levasseur et al. 2017).
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Figure 3S. Examples of polar bear relative distribution maps generated during group interviews. The last
map of the set (bottom right corner) also shows the geographic ‘range of direct observations’ of a group
marked as a polygon. The piles of rice on the top right corner of the first and last maps correspond to
unused grains of rice, while in the second and third maps all the rice provided (100 grains) was used to
complete the exercise.

Polar bear and seal relative abundance — proportional piling, drawing & temporal line
exercises

Contributors expressed changes in the relative abundance of polar bears and seals they had
observed over their lifetime by drawing a trend line along a timeline which was modified according
to participants’ age and experience on the land (Figure 4S, A). Proportional piling was used in
combination to the drawing exercise to corroborate results or facilitate the execution of the
exercise as needed. Through discussions, participants from each group reached consensus on
the relative proportion of polar bears they had observed over specific time periods. Data points
were extrapolated from the final graphs drawn by each group. To summarize results, group values
were then averaged generating trend lines representing the relative abundance of the local polar
bear and seal populations.
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Polar bear cub productivity and survival — proportional piling exercises with visual cues

In this study, cub productivity and cub survival were estimated using the indicators ‘COY litter
size’ (number of cubs-of-the-year per female) and ‘yearling litter size’ (number of yearlings per
female) assessed over the same time periods.

Proportional piling exercises were repeated for three time periods (during the 1990s, around 2005,
and over the last three years [2016-2019]) in order for participants to express any changes in cub
productivity and survival observed over time. For each time period, two separate series of
exercises were conducted: one for family groups with COYs to assess the relative proportion of
cubs produced per females and one for family groups with yearlings to assess the relative
proportion of cubs that survived their first year (Figure 4S, B). For each exercise, contributors
divided fixed volume of beans to represent the relative proportions of polar bear females observed
with one, two or three COYs, or one, two or three yearlings.

For clarity, pictures were used throughout the exercises to ensure consistency of responses as
we found no direct equivalence between Inuktitut and English terms to describe polar bear age
classes (see Appendix 6 for Inuktitut polar bear terminology).
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Figure 4S. A: Example of a relative abundance exercise
for ringed, bearded and harp seals. B: Example of a | —— —-
proportional piling exercise to explore cub productivity
measured using the indicator ‘CQY litter size’.

Polar bear body condition (fatness) and general health assessment — proportional piling
exercises with visual cues

Contributors expressed the relative proportion of polar bears they had observed per five body
condition types (‘very skinny’, ‘skinny’, ‘average’, ‘fat’, ‘very fat’) using a fixed volume of beans.
Through discussions, each group reached consensus on the proportion of beans to allocate under
each body condition type. The exercise was repeated for three time periods (during the 1990s,
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around 2005, and over the last three years [2016-2019]) in order for participants to express any
changes observed over time. Polar bear pictures used to illustrate body condition types were the
ones employed as part of the Government of Nunavut polar bear harvest monitoring program;
most contributors were therefore familiar with pictures used.

For each time period, proportional piling exercises were also used to determine the relative
proportion of ‘healthy’ vs ‘unhealthy’ polar bears. Through discussion, each group reached
consensus on the proportion of beans to allocate under each category. Beans were then
measured to generate percentages.

Polar bear diet — proportional piling exercises & seasonal calendar with visual cues

For this exercise, participants had to first select preys or diet items they considered relevant for
polar bears from a selection of pictures provided. Contributors could also add additional items
that were not available in picture format by writing them on post-it notes. After a list of polar bear
diet items was finalized, participants collaborated to express the relative proportion of each item
in the annual polar bear diet by dividing a fixed volume of beans (Figure 5S). Due to time
constraints, this exercise was not repeated for different time periods; however, qualitative
information on changes in polar bear diet was documented by asking participants whether the
relative proportion of each item had significantly changed over time. Finally, a seasonal calendar
exercise was utilized to explore the seasonal availability of prey or diet items for polar bears
(Figure 5S, C). During the exercise, qualitative information on changes observed in different
wildlife species were also documented.
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APPENDIX 6. Glossary — Inuktitut polar bear

terminology

Table 2S includes some Inuktitut terms employed by interview contributors to describe polar
bears of various age and sex classes. The terms presented are by no means exhaustive. ‘K’
refers to terms in use in Kimmirut and ‘P’ to terms used in Pangnirtung.

Table 2S. Inuktitut polar bear terminology.

Inuktitut term

Description

Term related to life stage

K/P — Atigtalaaq

Smallest cub (new born); first period outside of the den; it is implied
that female is present.

K/P — Atigtaq

Cub of the year; it is implied that female is present.

P — Atigtaminiq

Young bear without its mother; either female or male; young bear
which is not as small as atigtaq.

P — Avinnaaku

A cub who is alone but that should be with its mother.

K — Nalimutigik
K/P — Naligtigik

Cub that is the same size as its mother; grown cub; either male or
female; it is implied that female is present.

P — Nukatugaq, akunagijuq

Juvenile bear; either male or female.

K — Kakiraq Juvenile or young adult bear (intermediate age) with white clean fur;
either male or female; tends to be aggressive.
K/P — Nukauq Adult male but smaller than angujuag.; adult male which is not fully

grown.

K/P — Angujuaq

Big adult male bear (with long neck).

K — Arnaq / P — Arnaluk

Female.

P — Atigtalik Female with cubs.

K — Atausilik Female with one cub.

K — Marruulik Female with two cubs.

K — Pingasulik Female with three cubs.

P — Atigtaituq Female without cubs; female which did not get pregnant, lost cubs or

is too old to have cubs.

Term related to morphological characteristics

K — Salluminaaluk / P — Angusuiq

Skinny bear.

K — Qunijuminaapik

Nice fat bear.

K/P — Tulajuituq

Very big polar bear that rarely comes on land and stays at sea; grey
fur on back; long fur on front legs; biggest adult male.

P — Tigagutilik

Bear with long fur on front legs.
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APPENDIX 7. Mortality, disease and abnormal occurrences

Table 3S. Direct and indirect observations of non-hunting related mortality of polar bears documented though interviews in Kimmirut and Pangnirtung

(n=35), including description of occurrences by participants and possible explanation for what was observed. NA: information is not available.

Timing Description of occurrence Contributor
One juvenile male found dead, floating in the water with a severe trauma on the head (either cause of Interviewee 01,

2019 death or happened after death). He skinned the bear and provided hide and samples to the wildlife officer. ~ Group 4,
Direct observation made in summer. Kimmirut

2005 One adult found dead, possibly from starvation. Direct observation made in summer. I}?itrimli?lﬂee 11,

1990s One adult found dead, possibly from starvation or old age. Direct observation made in spring along the Interviewee 13,
shore of White Strait. Kimmirut

1960s One cub found dead, partly scavenged. Direct observation. Interviewee 12,

Kimmirut

Long time ago

One dead polar bear found at the end of the Meta Incognita Peninsula. Observation reported by an Elder
long time ago.

Interviewee 02,
Kimmirut

2017

One dead polar bear “a fair size animal not a cub” observed in the water. Direct observation made in the
summer.

Interviewee 06,
Pangnirtung

Known in the past
but increasingly
observed since early
2000s and the past
5 years

Two females (possibly more) killed by males while protecting their cubs. Direct observations (one
occurrence also referenced by Interviewee 08), inference by observing lone cubs, and knowledge shared
by Elders.

Interviewee 06,
Pangnirtung

One juvenile male polar bear found dead in the water close to shore in the upper Cumberland Sound.

Interviewee 05,

2015 Observation made around May by a relative. Pangnirtung

2013 One polar bear eating another polar bear. Observations made by other hunters (event referenced also by Interviewee 08,
interviewee 06). Pangnirtung
One big male washed up ashore close to Qikigtarjuaq. Direct observation in spring.

Early 1990s One yearling killed and partly eaten by another polar bear. Direct observation made in the fall. Interviewee 07,

One adult killed by an avalanche. Observation made by a relative.

Pangnirtung
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Timing Description of occurrence Contributor
NA One polar bear carcass found on the land. The carcass was very old since the bones were clean and Interviewee 01,
white. Direct observation. Pangnirtung
NA One polar bear found dead with a whole in the head, possibly due to attack by another polar bear. Interviewee 01,
Observation made by another hunter. Pangnirtung
NA One dead polar bear eaten by another polar bear. Direct observation made on Kekertukdjuak Island. g‘;ig’é?&enegoz'
NA One polar bear carcass found on the land. The carcass was very old since the bones were clean and Interviewee 05,
white. Observation made by relatives. Pangnirtung
NA One dead polar bear found in walrus gathering area, possibly due to attack by another polar bear. Direct Interviewee 14,

observation.

Pangnirtung
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Table 4S. Direct and indirect observations of ‘very skinny’ or starving polar bears documented though interviews in Kimmirut and Pangnirtung (n=35),
including timing and description of occurrences with possible explanation provided by participants. NA: information is not available.

Timing Description of occurrence Contributor
One starving and “dying” bear observed in the community and one very hungry, and possibly starving, polar bear Interviewee 07,
2014-2015 ; . ; o
observed close to the community. Direct observations. Kimmirut
2012 One sub-adult looking severely skinny and dizzy (possibly due to starvation) with no fur loss. Direct observation. Eiﬁxli?rt/ee 12,
. N , , y o~ . Interviewee 02,
Early 2000s One starving adult female that was very weak with “only skin and bones and sunk in the snow”. Direct observation. Kimmirut
A few sick skinny polar bears observed since he has been an active hunter (from the 1990s onward). Direct Interviewee 02,
1990s onward . Group 4,
observations. TOUP
Kimmirut
1979 One very skinny or starving polar bear. Direct observation made during hide processing (first hide she ever Interviewee 04,
cleaned). Kimmirut
NA A few very skinny polar bears observed, likely from sickness or starvation in all his time traveling on the land. Direct Interviewee 05,
observations. Kimmirut
NA Very skinny polar bears observed about six times over the last 40 years. Direct observations. Eitr?\mi?g\t/ee 11,
Interviewee 01,
NA One starving female polar bear. Group 1,
Kimmirut
NA Starving polar bears described as “polar bears that died”. Stories reported from Elders. mmm% 08,
2015 One very skinny adult possibly because of old age. Direct observation in the winter. Interviewee 14,

Pangnirtung

Around 2010

One very skinny male hunted close to the community in the summer. Direct observation.

Interviewee 10,
Pangnirtung

Early 2000s

One very skinny adult male. Direct observation made around March in the upper Cumberland Sound.

Interviewee 08,
Pangnirtung

1990s

One big adult polar bear very skinny possibly because of old age. Direct observation.

Interviewee 03,
Pangnirtung
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Timing Description of occurrence Contributor

Interviewee 01,

1950s onward Some very skinny, slow moving polar bears looking sick. Direct observation made in summer. Pangnirtung

Some very skinny starving polar bears, generally juveniles, barely moving. Direct observation made mostly during Interviewee 02,
1980s onward -

summer months. Pangnirtung
NA One very skinny adult “just covered with skin”. Direct observation in the summer. Interviewee 06,

Pangnirtung

Interviewee 09,

NA Some very skinny bears observed. Direct observation. -
Pangnirtung
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Table 5S. Direct and indirect observations of minor fur loss lesions in polar bears from the Kimmirut and Pangnirtung areas documented through
interviews (n=35), including timing and description of occurrences with possible explanation provided by participants. These observations were not
consistent with fur loss pictures used for probing (see interview guide, Appendix 4) and were considered normal occurrences by contributors.

NA: information is not available.

Timing Description of occurrence Contributor

2019 One harvested female “looking nice and healthy” with small fur less area on one foot (3 cm in diameter). Interviewee 09,
Direct observation. Kimmirut
One harvested male with small furless spot (a few cm wide) on the top of the neck right behind the head. Interviewee 03

2010s The area was small so that she was able to patch the hide. Direct observation made during hide Kimmirut ’
processing.

2010 One harvested male with scars, likely caused by fighting with other polar bears or breaking through the ice.  Interviewee 07,
Direct observation. Kimmirut

NA One harvested polar bear with small fur loss in some areas of the feet. Direct observation made during Interviewee 01,
hide processing. Observation is not recent. Kimmirut

NA Many harvested males with scars around the neck, likely due to fighting with other bears during mating Interviewee 03,
season. Direct observation made during hide processing. Kimmirut

NA Many harvested polar bears with small loss of hair on their hides likely the results of scars. Direct Interviewee 04,

observation made during hide processing.

Kimmirut

2010 onward

Some harvested polar bears (mainly males) with scratches usually around the head and neck, likely due to
fighting with other bears during mating seasons. Direct observation made during hide processing.

Interviewee 12,
Pangnirtung

1990s-2000s

One harvested male with fur loss (small spots) and scaring, likely due to fighting with other bears during
mating season. Direct observation.

Interviewee 04,
Pangnirtung

Two males with marks on the snout and open wounds, caused by fighting during mating season. Direct

Interviewee 08,

Mid-1995 observation. Pangnirtung
NA Many polar bears observed with scars likely caused by fighting with other bears or hunting on the ice and Interviewee 06,

considered a normal occurrence. Direct observation. Pangnirtung

A few polar bears, mainly males, observed with small fur loss areas on the neck or body, possibly caused .

- - e . . . ; Interviewee 09,

NA by ice when seal hunting and/or fighting with other bears. Direct observation but doesn’t remember the Pananirtun

timing. 9 9
NA Polar bears observed with small fur loss, likely due to scratches. Direct observation made during hide Interviewee 10,

processing.

Pangnirtung
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Table 6S. Direct and indirect observations of anthropogenic waste or plastics in the stomach of harvested polar bears from the Kimmirut and
Pangnirtung areas documented though interviews (n=35), including timing and description of occurrences. NA: information is not available.

Timing Description of occurrence Contributor
One young sub-adult female harvested at the dump (summer months) with plastic bags in its stomach. Interviewee 06,

2018 . o
Observation made by another hunter. Kimmirut

2015 Two harvested sub-adults with plastic and snowmobile parts found in their stomach, looking healthy Interviewee 02,

otherwise. Direct observation close to his camp.

Kimmirut

2010 onwards

Some harvested polar bears with garbage (leather gloves and other items) in their stomach. Direct
observation.

Interviewee 10,
Kimmirut

Recent years

A few polar bears harvested close to the community with garbage in their stomach. Direct observations
made recently and also made by other hunters.

Interviewee 05,
Kimmirut

NA

Some harvested polar bears found with plastic and garbage in their stomachs. Observations made by
other hunters.

Interviewee 07,
Kimmirut

Recent years

Some harvested polar bears with food from the dump in their stomachs. Direct observation made recently.

Interviewee 01,
Pangnirtung

Recent
observation

One polar bear harvested in the Qikigtarjuaq area found with a t-shirt in its stomach. Observation made by
a relative.

Interviewee 07,
Pangnirtung
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Table 7S. Direct and indirect observations of other abnormalities or unusual events observed in polar bears from the Kimmirut and Pangnirtung
areas documented though interviews (n=35), including timing and description of occurrences with possible explanation provided by participants.

NA: information is not available.

Timing Description of occurrence Contributor
2015 One harvested polar bear (defence Kkill) quite skinny and with a wound, possibly from gunshot or natural Interviewee 06,
causes. Direct observation. Kimmirut
2011 Male polar bear (eight-footer) with half-white and half-black fur. Direct observation made on Big Island. Eﬁmii\xee 13,
One harvested polar bear with white paws and one harvested bear with a cut on the front paw. Both looked Interviewee 03,
2010s : . : . . ; N
healthy otherwise. Direct observation made during hide processing. Kimmirut
1995 One polar bear with three legs observed running away, otherwise healthy. Direct observation. I}?itr(:mli?xzee 12,
One big polar bear found dead and likely shot: “It was shot by helicopter or something...it had a huge hole Interviewee 13
Early 1990s and nobody had that kind of gun [in the community]’. Direct observation made in summer in the Glenooe Kimmi '
immirut
Island/Strathcona Island area.
NA Sometimes harvested polar bears observed with non-healed wounds, likely caused by other polar bears or  Interviewee 04,
walrus. Direct observation made during hide processing. Kimmirut
NA A few harvested polar bears with lip tattoos and ear tags. Direct observation made during hide processing. :?it;m?sxee 04,
1990s One harvested polar bear with bear fat and skin in stomach (cannibalism). Direct observation. Interwgwee 08,
Pangnirtung
One harvested male that looked somewhat sick with yellowish fur and the skin of the paws quite rough with  Interviewee 10,
1980s . . . . X
scratches. Observation made during hide processing. Pangnirtung
NA One harvested polar bear with ear tag. Direct observation. Interviewee 14,

Pangnirtung
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Executive Summary

Government of Nunavut (GN), Department of Environment (ENV) representatives
conducted in-person consultations with Pangnirtung Hunters and Trappers Association
(HTA), Amaruq HTA, and Mayukalik HTA on May 8, May 9, and May 11, 2023,
respectively.

The intent of this consultation was to ensure the GN and HTAs could discuss the results
of the Re-estimating the Abundance of the Davis Strait Polar Bear Subpopulation (DS) by
Genetic Mark-Recapture 2022 Report, led by the GN, and the Nunavut Inuit
Qaujimajatugangit on the Health of the Davis Strait Polar Bear Population 2022 Report,
with GN collaboration. The abundance report collected data in 2017-2018 and the /nuit
Qaujimajatuqangit (1Q) report collected data in 2019. The previous abundance data for
DS was collected in 2005-2007. The goals of the consultations and presentations were
to provide co-management partners with an overview of the results of the reports, collect
feedback on the results presented, collect additional 1Q, and to discuss the ENV harvest
recommendation.

Polar bear biologists met with each community’s respective HTA that hunts from the DS
subpopulation.

Support for ENV’s harvest recommendation ranged from enthusiastic support to less
involved participation. At the end of the consultation, HTAs were left with questions to
discuss and send their feedback to ENV.

The feedback and IQ collected during these consultations will be considered when
forming Total Allowable Harvest (TAH) recommendations for the DS subpopulation to be
submitted to the Nunavut Wildlife Management Board (NWMB) for decision.

This report attempts to summarize the comments made by participants during the
consultations.
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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 Associations of Pangnirtung, Iqaluit, and Kimmirut on May 8, May 9, and May
11, 2023, respectively.

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 collate and summarize comments, questions, concerns and
suggestions provided by the Pangnirtung HTA, Amaruq HTA, and Mayukalik HTA
regarding the results of the Re-estimating the Abundance of the Davis Strait Polar Bear
Subpopulation by Genetic Mark-Recapture 2022 Report, led by the GN, and the Nunavut
Inuit Qaujimajatuqangit (IQ) on the Health of the Davis Strait Polar Bear Population 2022
Report, with collaboration from the GN.

Representatives from the Department of Environment (GN) attended the consultation
along with other co-management partners and interested parties.

2.0 Purpose of Consultation

The purpose of the consultation was to discuss the newest scientific and 1Q information
regarding the DS polar bear subpopulation as reported in the GN scientific study report
and the 1Q report, both in part produced by GN polar bear biologists. In addition, the GN
also put forward a TAH recommendation during these consultations, but also discussed
that management objectives can be formulated depending on the communities’ needs
and objectives for this subpopulation.

2.1 Format of Meetings

The meetings were held in the evenings and ran for approximately 2 - 3 hours.
Government of Nunavut Polar Bear Biologist, Alyssa Bohart, Associate Deputy Minister,
Jason Aligatugtuq, and Senior Wildlife Advisor, Jonathan Pynn, facilitated and led the
meetings. Each presentation started with opening remarks from A. Bohart, J. Pynn, and
J. Aligatuqtug on who they are and what organization they are representing as well as the
purpose of the consultation. This was followed by a PowerPoint presentation with historic
management background, and a detailed overview of the results from the 2017-2018
polar bear abundance study and 2019 1Q study conducted in DS (Appendix 1). The
participants were invited to ask questions, raise concerns, or provide recommendations
throughout the meetings. At the end of the meeting, the GN position on the TAH for DS
was presented. After the presentations, questions/discussion continued until no further
questions were raised, or until the HTAs adjourned the meeting. HTAs were left with
discussion questions regarding the studies and DS management objectives from ENV to
internally discuss and send responses to ENV. The Pangnirtung and Amarug HTAs
expressed support at the end of the meeting for the recommended TAH.
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3.0 Summary of Consultations

This summary combines the general themes and ideas generated from the three HTAs.
For specific commentary and participants in each consultation, please see Appendix A.

Comments and questions:

e HTAs expressed general support for the proposed TAH recommendation or did
not comment at the time.

e HTAs reported decreased polar bear harvest in DS was due to low hide prices.

e HTASs reported concerns about the increase of bears since the 1970s and risks to
public safety.

e HTAs expressed that they would like more collaboration in future studies.

Appendix A

Davis Strait Polar Bear Abundance and |Q Reports Consultation
Meeting Notes

Location: Pangnirtung HTA office
Date/Time: May 8, 2023

Start time: 19:00

End time: 22:42

Participants

Mark Kilabuk (HTA Manager)

Simeonie Keenainak (HTA Chairperson)

Billy Etuangat (HTA Vice-Chairperson)

Kelly Kilabuk (HTA Secretary-Treasurer)

Lazarusie Ishulutuq

Patrick Kilabuk

Jaco Ishulutuq

George Qaqgasiq

Manasie Maniapik

Alyssa Bohart, Polar Bear Biologist, GN ENV

Jason Aligatuqtuq, Associate Deputy Minister, GN ENV

Jonathan Pynn, Senior Wildlife Advisor, GN ENV

Dominique Henri, Research Scientist, Environment and Climate Change Canada — call-in
Denis Ndeloh, Director of Wildlife Management, Nunavut Wildlife Management Board
Michael Ferguson, Director of Wildlife and Environment, Qikigtaaluk Wildlife Board
Margaret Qumuatuq, Translator
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Goal of meeting:

Provide an overview of the newest scientific and 1Q information regarding the DS polar bear
subpopulation as reported in the GN scientific study report and the 1Q report. Discuss the GN
TAH recommendation. Discuss any questions HTA has for both studies. Collect feedback and
IQ on DS management.

Next Steps and Action Items:

Short term Action Items (within 4-6 weeks):
e Jaco asked: Do you biopsy mothers or cubs or both?
e Mike: Questions about the graph. 2017-2018 what is the exact number from those
graphs?
e Email HTAs the harvest management questions.

The Department is looking into questions and concerns raised during the consultations
and are working to resolve them.

Longer term Action ltems (next 2-3 months):
e NA

Meeting Notes:
Question to Group after Introductions:

The meeting began with introduction of participants. Alyssa Bohart presented slide show with
background on the transition at the GN polar bear research group due to the loss of biologist
Markus Dyck. She then presented an overview of the polar bear study process including the
planning stages up to when a TAH management decision is accepted by the minister and harvest
tags are distributed to communities. She then noted that the purpose of this meeting was to
provide a summary of the results from the abundance and 1Q study and to hear HTA feedback.

Abundance study background slides: Review

o Kelly: Why the decision was made to not cover the same area that was covered in the
1970s, just to do a comparison?

e Alyssa: So my understanding of it is that in the 1970s, they didn’t cover some of the areas
that were covered in the 2005-2007 survey. | know in the 1970s, they found a pretty low
estimate and then in the 1990s survey, it showed a doubling of the population. So we
really don’t compare to the 1970s because now we are able to cover more area and the
methods have improved to get a better estimate.

e Lazarusie: | want to comment on the 1960s. Back in the 1960s you didn’t see polar bears
even when travelling far, across the Cumberland Sound. In the 1980s when caribou were
abundant, that's when you really started to see a lot of polar bears. It was like being
greeted by many dogs or many people when you reach the land after boating. That is how
it is now compared to the 1960s. It's a worrisome matter now and a safety issue. | am very
concerned for youth because of the abundancy of the polar bears. | was very close to
death last year. My wife luckily saw the polar bear, so therefore we saw the bear before it
attacked.

e Alyssa: Thank you for sharing.

Abundance study methodology/field work: Review

e Billy: Do you mark all bears?
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Alyssa: No. We try to mark as many as we can, but there are times, such as females with
cubs, that we don’t want to mark because it would stress them and we want to avoid that.
Jaco: Can you talk more about cubs? Why don’t you mark cubs?

Alyssa: For an example in the Davis Strait area, cubs are often climbing with females
near steep areas, so there may be a chance of them falling or being injured. In those
situations, we avoid them altogether for the bears safety. I’'m not sure if that answers your
question?

Jason: | think he is asking do you biopsy mothers or cubs or both?

Alyssa: I'll have to double-check the report, but | think in some cases they will biopsy dart
cubs, but not in a dangerous situation. Another example is that if the helicopter has taken
awhile to try and get close to the female and they have been running more than 2-3
minutes, they won'’t biopsy because they don’t want the bears to overheat.

Jaco: Thank you for the clarification and I'm sharing of 1Q concerns: cubs they are a
special category. Because of that, we are told to not play with them, and not to biopsy
them. That's been a long Inuit tradition understanding is to not disturb the cubs at any
point. It's not something to play around with.

Lazarusie: Before any kind of research was conducted and after research began in the
mid 1970s, it started affecting the food. Because they are being researched and they are
being darted, to me the food and taste is different. It is affecting the gathering together of
a family, of a community. Once it was caught, it would be consumed by everyone and
enjoyed thoroughly. But since they are darted and research is having conducted, it has
affected the way we eat polar bears. Before | would make stew, but now | do not eat it. It
is my choice to not eat it anymore.

Alyssa: Thank you for sharing.

Alyssa stressed we don’t handle or drug bears with the biopsy darting. Collects a bit of
fur, skin and fat when it falls out.

Simeonie: How many polar bears does your department want to see to be satisfied that
there is enough bears?

20:30 — 20:45 Break

Abundance study results & harvest: Review

Alyssa: | don’t know exactly what’s been done in the past, but at least during this process,
we looked at the health of the population. We’re not necessarily looking for an exact
number of bears per survey. We'll take a number of factors into consideration when we go
out for a survey. For this study, we looked several things including the number of bears.
Simeonie: Please understand and know the polar bears as they are now, with the
abundancy of polar bears on our environment and our ice, it's a big safety concern. They
are putting people in danger, with the abundancy of polar bears in Davis Strait. Please
know now that as a polar bear biologist, know these facts that this is a big safety concern.
You are teaching bears to not be afraid of humans as they had been. It's becoming more
and more that they are not scared of humans at all, so you are putting human lives at risk
with the abundancy of polar bear.

Alyssa: Thank you.

Jaco: | would like to know the paper | am holding onto, who are they? (The IQ Summary).
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Alyssa: I’'m not quite sure of the question.
o It was mutually discovered and discussed by the room participants that they were who
participated in the IQ Study.

o Kelly: Do you find any carcasses along the way doing the survey?

e Alyssa: | don't believe they found any dead bears as it wasn’t noted in the report. | don’t
believe they found any dead bears during this research.

o Peter: Do the polar bears live up to 12 years?

e Alyssa: Bears can at least live up to 12 years. We use the age we first find them at; then
we look at what happens when we find the bears again. Sometimes they’ve been found
to live up to 30 years based on science, but that isn’t the norm, based on science.

o Kelly: No offspring in some years. Some years with no sub-adults. Did you not see them
or not do any biopsies?

e Alyssa: This is a bit of a complicated graph. We only collected field data in 2005-2007
and 2017-2018. Otherwise we use what we get from harvest samples. We use simulations
to fill in the time periods. The reason we don’t have much cub data is because they age
up into subadults and adulthood, so we only know of cubs when we collect data and use
the simulations to help fill in the information.

e Jaco: How about the teeth that are sent for samples? How are they used in research?

e Alyssa: We send those for age testing by cutting them and counting growth rings.

¢ Mike: Questions about the graph. 2017-2018 what is the exact number from those
graphs?

e Alyssa: | don’t have the exact numbers but they’re in the report and | can send them to
you.

o Mike: Follow up question. Biologists can’t say we don’t know how many animals are on
the land. | believe Alyssa can say what she believes, but | can’t say that. There are some
dotted lines on the graph that mean a confidence interval. The confidence intervals don'’t
really show, based on my interpretation of these graphs, that the population decreased.
I’m giving you this information as a biologist. | want to point out that the hunters are saying
that there are more and more bears. | don’t think there is disagreement between biologists,
there may be disagreement in the data they are seeing may contradict what hunters are
seeing on the land. The science presented is the best that we have but may not be the
best that can be done.

e Alyssa: | wouldn’t compare the science and the 1Q. Dominique can provide some of that
information when she speaks. The methods aren’t confidence intervals, they’re credible
intervals because it's a Bayesian method. We consider the probability that the population
falls in this range. It is important to point out the range and that the numbers can fall
somewhere in between these dots, but the chances are highest that the estimate is in the
middle, not at the ends. We consider this the most confident and most defendable
estimate.

¢ Abundance is just one thing we looked at. We also looked at the health of the bears and
other considerations when we are making management decisions.

e Mike: It says there is no quota from Quebec. But then you say these numbers. How
confident are you that the Quebec hunters are reporting every harvest.

e Alyssa: There is no requirement for reporting in Quebec. They get those numbers from
hunters who go to get an export permit. | can’t speak to Quebec’s management system.

Davis Strait Abundance and IQ Report Consultation Summary 2023 5



Their scientists, in speaking with them, are pretty confident that the export permits are a
good way of tracking Quebec harvest.

o Lazarusie: Before the quota system was introduced, hunters could freely hunt bears, but
didn’t because you didn’t see them all the time. Now we can sell the pelts and we get
compensated. Today we have no economic value from polar bear hides. Today, we can'’t
even sleep in tents nor igloos anymore because of the abundancy of polar bears. There’s
a quota, and we can'’t sell, what do we do now?

e Alyssa: That’s a really good question. Thank you for your comments. | can’t speak to the
price of the hides, unfortunately it is not something that we can control. I've heard that the
price of hides and other types of fur has decreased in value across the world. I'm hopeful
that the prices will eventually go back up and hunters can get money from hides, but that’s
not within our control and it is definitely an issue we recognize.

e | wanted to show you this graph of DLP kills. There are spikes in some years but generally
less than 10 per year since 2000-now.

21:25 - 21:40 Break

Dominique Henri presented slide show with brief background and results on the IQ study. These
slides were not reviewed in advance, but done as a separate, but included section. Dominique
had met with the HTA Board in March and provided physical copies of the 1Q report with the HTA.
Dominique presented on some key points from the report and how the findings from the
abundance and 1Q study fit together to provide a more complete picture of DS polar bears.

1Q study: Review, no questions

Alyssa Bohart presented slide show with the GN TAH recommendation. She gave the HTA
Board options to provide answers to discussion questions via email at a later date, but the board
could also share initial thoughts within the current meeting.

Questions from presentation:
e Do you agree that the number of polar bears stayed relatively the same over time?
Are there enough bears to harvest? Are there too few? Too many?
What did you observe in the bears’ body condition over time?
Is there anything special that you observed and wanted to share with us?
Where do you agree/disagree with our findings?
Think about how your HTO would like to manage the Davis Strait subpopulation?

Harvest management and TAH recommendation: Review

¢ Denis: When you look at the actual harvest, the average harvest has been 44 bears per
year. So with this below TAH, how does this factor into meeting the management objective
to reduce the populations?

o There’s a slide that shows there may be interjurisdictional processes. You’re also saying
there could be other processes. Maybe we can have this discussion after. How does the
Government of Nunavut see this moving forward? How does that factor in when we go
into the multi-jurisdictional decision-making processes?

e Translator stated she’s losing her voice.

e Simeonie: Would like to comment that the Pangnirtung residents are happy with the
system as it is now. It's working for everyone. If you see a polar bear, you can hunt it. We
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follow the guidelines and don’t overharvest. The population of Pangnirtung is increasing
so you need to factor this into consideration. The Pangnirtung hunters are happy with how
the system is now.

o Tothe researchers so far, this is something that is going to happen now. This is something
that will go on maybe forever now, whether it increases or decreases. But we all have to
work together. It’s for the future and we need to work together.

o Jason: Here's an opportunity for western science and Inuit knowledge to be
amalgamated. We also have to go meet with two other HTOs. Here’s a chance for this
HTO to make their voice known. The Nunavut Agreement states that Inuit must be given
equal opportunity and we all provide that input to the Nunavut Agreement to the NWMB
as a main instrument who will make that decision.

o Mike: For multiple communities that harvest from the same subpopulation, it's the role of
the RWO to make a presentation to NWMB on what'’s in the Nunavut Agreement to make
a valid conservation purpose for DS polar bears. There’s a disagreement between the
science and the 1Q. Is the rate of the decrease good enough to satisfy the public safety
concerns? I'll take what | hear here and the other communities and bring it to NWMB.

Participants were thanked for attending, and their feedback.

22:42 Meeting End

Davis Strait Polar Bear Abundance and |Q Reports Consultation
Meeting Notes

Location: Amaruq HTA office
Date/Time: May 9, 2023
Start time: 19:00

End time: 21:42

Participants

Sally Mikijuk (HTA Manager)

Jimmy Akavak (HTA Chairperson)

Noah Alookie (HTA Vice-chairperson)

Adamee ltorcheak (HTA Secretary/Treasurer)

Kathy Hanson

Archie Angnakak

Nash Sagiatook

Jetaloo Kakee

Dinos Tikivik

Alyssa Bohart, Polar Bear Biologist, GN ENV

Jason Aligatuqgtuq, Associate Deputy Minister, GN ENV

Drikus Gissing, Director of Wildlife Research, GN ENV

Dominique Henri, Research Scientist, Environment and Climate Change Canada — video call-in
Denis Ndeloh, Director of Wildlife Management, Nunavut Wildlife Management Board
Bert Dean, Assistant Director, Nunavut Tunngavik Inc.
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Michael Ferguson, Director of Wildlife and Environment, Qikigtaaluk Wildlife Board
Jacopoosie Peter, Translator

Goal of meeting:

Provide an overview of the newest scientific and 1Q information regarding the DS polar bear
subpopulation as reported in the GN scientific study report and the 1Q report. Discuss the GN
TAH recommendation. Discuss any questions HTA has for both studies. Collect feedback and
IQ on DS management.

Next Steps and Action Items:

Short term Action Items (within 4-6 weeks):

e Mike: How many bears were sampled from 2005 — 2007 and from 2017, were they
also sampled in 20187 What are those numbers?

e Jetaloo: The oldest data is 2005-2007, are you able to report on the older studies?
Knowledge of the past?

e Mike: 2 Requests — says here during 2017 — 2018 you captured 177 bears,
originally captured in 2005/07 this is only my suggestions, this is only a request, |
appreciate seeing a map to show where they have been marked. The second map
I would like to see is 2017 and recaptured 2018 the one year period, so we can
see where the marked bears only. How much movement that took place. Maybe
you can send the maps to the HTOs please.

e Email HTAs the harvest management questions.

The Department is looking into questions and concerns raised during the consultations
and are working to resolve them.

Longer term Action ltems (next 2-3 months):
e NA

Meeting Notes:
Question to Group after Introductions:

The meeting began with introduction of participants. Alyssa Bohart presented slide show with
background on the transition at the GN polar bear research group due to the loss of biologist
Markus Dyck. She then presented an overview of the polar bear study process including the
planning stages up to when a TAH management decision is accepted by the minister and harvest
tags are distributed to communities. She then noted that the purpose of this meeting was to
provide a summary of the results from the abundance and IQ study and to hear HTA feedback.

Abundance study background slides: Review
e Archie in reference to the 2005-2007 estimates: the estimates seem to be out-dated.
That’s 16 years ago in Davis Strait. That was a great loss of that biologist.
e Alyssa: | am presenting from 2005-2018 and comparing the old numbers that show the
health of the population. This will tell us the health of the population. | will be happy to
discuss again after the presentation.

Abundance study methodology/field work: Review
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Mike Ferguson: How many bears were sampled from 2005 — 2007 and from 2017, were
they also sampled in 20187 What are those numbers?

Alyssa: | do not have those numbers, | will look at those numbers and email them to you.
We have the 2005-2007 collar data, new biopsy data, and also harvest samples from
hunters. Those are the data we are able to use right now.

Jetaloo: The oldest data is 2005-2007, are you able to report on the older studies?
Knowledge of the past?

Archie: | think he was touching up on commercial, baseline information. 2005/07 that
history.

Alyssa: | do not know, this is my first time hearing it. | can look into it.

Jetaloo: | was not born in the 1800’s. | was born in 1942, used to think that Pangnirtung
had no polar bears, only in Cumberland sound. In 1960 moved to Iqaluit, there were bears
here in lgaluit before it became populated. None here to be seen like my ancestors knew
about bears, they seem to have no fear of humans when DEW Line came. These elders
have a lot of knowledge.

Jimmy: Can you combine Inuit oral history and your studies?

Archie: Inuit Knowledge is included, wildlife is very clear in there. Very valid as far as he
is concerned.

Jetaloo: the experts — when does the cubs tooth emerge? Nobody knew, | didn’t know.

Abundance study results & harvest: Review

Mike in reference to the survival graph: How did you get those results?
Alyssa: The model will generate all the numbers, it predicts this pattern. It could be similar
to how scientist look at climate change.

Kathy: what are the differences between Newfoundland bears and Nunavut bears? How
does this pattern model your predictions?

Alyssa: Great questions. There could be differences. | don’t have an answer. | think it
could tie in with the 1Q study. Dominique can answer that question.

Jimmy: Bears numbers in Newfoundland Labrador?

Alyssa: We only have an estimate for bears in Davis Strait as a whole. I'm not sure what
local hunters have seen in that area.

Mike: Go back to the slide presentation. Very few in Hopedale.

(Slideshow reversed)

Alyssa: thank you Mike.

Adamee: 2017 — samples data, does that go to the baseline, where the numbers are, the
more you put in, the more you get. Where does the data come from? | understand, doesn’t
really change, when we go out there we see more.

Alyssa: Are you talking about the sampling you get from hunters?

Jetaloo: IQ, there are more bears, helicopter counts, the quota doesn’t change, the money
watchers government too obstacle or delays funds, elders are getting a little credit. It
seems that it wasn’t really listened to.

Alyssa: Thank you.

20:00 — 20:15 Break

Jimmy: we can start again. Alyssa you are going to present more?
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o Alyssa: Yes. | was just reminded by a collegue that harvest samples from 2005 — 2018
provides data when a bear dies from harvest, this also goes into the survival estimate. The
last thing we calculated was the abundance. There was a slight decrease from 2,250 to
2,015 bears, possibly due to increased harvest. In the 1Q studies elders have identified
ring seals numbers have gone down, less seals might also mean less bears. When we
look at recommending a management decision, we use all that information [survival, body
condition, reproduction] on top of the abundance to make decisions. Any questions?

o Jetaloo: | don’'t have similar knowledge, | don’t worry about seals, but now | think about it
more, seals diet are shrimp and fish. All wildlife follow their diet. | would also thought of
scientist like that too, only seeing. | used to think like that, | no longer think like that. When
you become older you will realize this as well.

e Alyssa: This estimate is for the whole Davis Strait area, so it doesn’t necessarily mean
that the bears aren’t increasing in your area. Any other questions?

e Archie: With the notion you gave us, we know that bears harvest bearded seals, and
ringed seals are less, possibility that they are out in the ocean. The numbers you are
collecting are from August to October is coastal, there is a possibility they are out in the
ocean. They could be out in the ocean. The population of the harp seal numbers, right
now are great. They can easily go to another zone because they are known to swim 200
miles just by swimming. Previous studies, studies we heard in the past using collars, is
there was one region where bears move. We have seen videos of them harvesting harp
seals, bearded seals, seen them eating tons of eggs. They’ve moved. Results, scientists
say they are decreasing, other line/zones might be increasing, that's where they are going.
Elders knowledge is not in here, it should be. We've seen videos of them harvesting a
harp seal. Should check to see if they moved to another zone. They eat eggs where the
birds nest. With the elders knowledge you get to learn more. They moved to the adjacent
zone, for that particular zone to be increasing. You should be open to that. Using that to
determine the tags, maybe they moved to the adjacent zones.

e Jimmy: Thank you Archie.

e Alyssa: Thank you for sharing what your observation is. You make a good point on the
collar data. It is the most precise data we can collect to see where bears are moving.
What’s been done in the past, is they used the old collar data to make the boundaries for
Davis Strait. They’ve done genetic studies in the different areas, using that data too, and
that’s the best outline we can make using that data. You are right, bears don’t see that
line, we do not know exactly when they move over the boundary. For the most part, they
usually stay in the same areas.

e Archie: My concern is when the scientists say they are doing well. We should work
together since day one: the systematics, drones, watching whales, wildlife. We have a
commercial industry that exists, a lot more expensive than helicopters collecting data. |
prefer collaring as it is more accurate. Collaring is the best. Come to a consensus [with
methods]. Invasive [methods, bears] can get scarred, and aggressive. Technology can be
organized for proper polar bear management, responsibilities as well. We need a harvest
study with planning stages, consulting, need a lot of improvement. Pretty close to getting
proper numbers. Something well rounded for our members, asserting our rights as an
HTO. We were supposed to be involved in the study, making sure it is thorough. That’s
our right. To do it, we need to work together.

e Dinos: Stories | heard growing up, 1970’s to now, my relatives lived down in outpost
camps, 1960/1970 were lucky to see a bear every 2 years. His uncle lived in Minngutuuq,
saw polar bears live in water. Between March and May, come inland to hunt seal pups on
the ice. Between January and May, chance of finding on the ice. Last year | went to
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Alingatuq near Tinitugajaq during late fall. We saw 15 — 16 bears, 5 with cubs. Late fall
hunting in shallow water. | usually go in April or May when they are hunting on the ice. |
find there are more cubs, now a lot more.

e Mike: 2 Requests — says here during 2017 — 2018 you captured 177 bears, originally
captured in 2005/07 this is only my suggestion, this is only a request, | appreciate seeing
a map to show where they have been marked. The second map | would like to see is 2017
and recaptured 2018 the one year period, so we can see where the marked bears only.
How much movement that took place. Maybe you can send the maps to the HTOs please.

o The vertical lines are 90% chance, real numbers of bears. 2005 crudely where the other
dots are, my interpretation, she probably has her reasons why the numbers vary, biologists
included bears overall. | just want to let the hunters know that estimates that come from
these studies, very good graph/picture that Alyssa has shown credible intervals, the
estimates are among those lines. Bears might die some are born, science manages, that’s
my comment.

e Alyssa: For the map, | can’t give you a timeline of that due to low staffing. | might have to
compare and put that together. | can get back to you on that. Time consuming, but will
look into it. I'd like to point out and talk about collaring and “credible intervals” data. The
credible intervals are shorter in the 2005-2007 estimate because this used collar data, it
is more precise. When they consulted with the HTO for the 2017-2018 survey, they
indicated to move away from collars and use biopsy genetic data, we do get a wider
interval, but the area covered was same for both. Comparison between the two, keeping
them the same. There is always a level of uncertainty with numbers. We look for a trend.

e Archie: Timing intervals August and October, polar bears are apex predators, the seals
pups are born in spring. This has been the same year after year. From August to October
is when they migrate, they aren’t there. The prime is spring when the seal pups are born
far from August to October. You should do these studies during spring when they are
going for prey based on Inuit Knowledge, you should use it. Prime time is a month while
the ice is still there. Respectively studying should be now, Spring, rather than August to
October.

e Jetaloo: You have a burden and you will carry it. Polar bears destroy duck nests are
destroyed and cabins, government (insurers) always need proof.

Alyssa: Thank you.

e Jetaloo: (Pointing to slideshow) That hide is not cut up properly. Explains why it was cut

wrong.

Archie: Thank you Chair. Do defense kills come from quotas?

Alyssa: Yes.

Archie: That is a defence kill not allowable harvest. That contradicts under the Land Claim.
Jetaloo: Take away from quota, as elders, if a person is stranded and hungry, they should
not have to look at numbers. They should not have taken off the quota under the land
claim.

o Adamee: Two things - Satellite technology is one thing that can be used. Two, direct
recipients. We were not HTO members because we were dealing with researchers,
Peregrine, polar bear, geologists, caribou biologists, minerals overlapping. Four
helicopters going off at the same time so many helicopters that disrupted the animals and
made them move to where there were no helicopters/noise. It’s nice to have studies, but
they are going to do that.

Davis Strait Abundance and IQ Report Consultation Summary 2023 11



Mike: Allocations — defense kills how can it impact your quota? Defense kills come off the
credit. They had to come through the board. Credits should not be coming off the quota.
Archie: Recipient of that claim — nothing. Total allowable harvest. Is total allowable
harvest asserting ourselves? This has nothing to do with the credit, quota. Defense, that
is not total allowable harvest. That is completely separate. Asserting ourselves under the
claim.

Mike: When credit system was developed in the 1980’s, 1990’s, through the Nunavut
agreement, credits carry forward from unused bear tags, quotas were not related to
defense Kills. People ask for and it was what it was about.

Jetaloo: I'll be good. Credible, anywhere it has been getting blizzardy, the cycle is getting
unpredictable, it may be snowing a lot but not ice, the ice is getting uncertain, our trails
climate should be considered in the process. We lived at a time when weather is not a
concern. Back then, we depended on oil (seal), now it is fossil fuel.

21:15 - 21:30 Break

Dominique Henri presented slide show with brief background and results on the IQ study. These
slides were not reviewed in advance, but done as a separate, but included section. Dominique
had mailed physical copies of the 1Q report to the HTA Board in March. Dominique presented on
some key points from the report and how the findings from the abundance and 1Q study fit together
to provide a more complete picture of DS polar bears.

1Q study: Review

Archie: Thank you very much Dominique for your presentation, very interesting. There
are less of ring seals. In the 1960’s | was 200 miles due west from Resolute Bay, still
moving to Russia. Like every other animal like birds, moving with the magnetic field, we
see more mallard ducks, snowy owls, bumble bees, warble flies. Change is happening in
the animal kingdom. All wildlife is all connected to the magnetic field, keep that in mind.
Goes right down to insects. | also believe the elders saying that the polar bears are
increasing. Keep that in mind that the magnetic field is moving, further north they are even
seeing mosquitoes when there never used to be any before.

Alyssa Bohart presented slide show with the GN TAH recommendation. She gave the HTA
Board options to provide answers to discussion questions via email at a later date, but the board
could also share initial thoughts within the current meeting.

Questions from presentation:

e Do you agree that the number of polar bears stayed relatively the same over time?
Are there enough bears to harvest? Are there too few? Too many?

What did you observe in the bears’ body condition over time?

Is there anything special that you observed and wanted to share with us?

Where do you agree/disagree with our findings?

Think about how your HTO would like to manage the Davis Strait subpopulation?

Harvest management and TAH recommendation: Review

Archie: Involvement with managing polar bear with harvesting area. When it comes to
making a decision on Davis Strait, | would love to see other areas. One zone decreased,

Davis Strait Abundance and IQ Report Consultation Summary 2023 12



the two adjacent ones increased, because the bears travelled to those zones. Culling
program, one decreased one increased. Hitting the mark. Keep in mind, like our elder said,
the younger generation, there is ton of preparing, losing culture, different polar bears, like
he pointed the hide that he was talking about. A lot of our younger generation won'’t
understand when you say “naglitugit”. Start developing, younger generation with an elder,
we have that power, we have to start now how to work together, get extra funds, we heard
you, we can help you. Sake of life, only to shoot only when the bears are looking at you,
don’t shoot it when it isn’'t looking. Cultural erosion. Ensure GN help them get funds,
drones, these are the things we can do. This will be a sound. Thank you, Mr. Chairperson.

o Jetaloo: In Igaluit, our hunting season for polar bears is from July to June. We can get
reports on the ice conditions from the radio.

e Mike: Thank you on behalf of QWB, QWB is actually made up of chairmen of the HTOs
so HTOs are QWBs bosses. Continue to work with you to coordinate everything.

o Adamee: We have not seen this type of meeting in quite a few years. We dealt with a lot
of researchers and finances. This is the first in a long time we have actually dealt with
wildlife issues. Our cultures, our mandate is to serve our members and deal with wildlife.
We have to touch on a little bit. We need to deal with a long of things.

e Jimmy: Thank you Alyssa you did not throw anything at us. We just need to work better.
If you need space or the boardroom just let Sally know. Work together more, it was very
informative for me.

Participants were thanked for attending, and their feedback.

22:05 Meeting End

Davis Strait Polar Bear Abundance and 1Q Reports Consultation
Meeting Notes

Location: Mayukalik HTA office
Date/Time: May 11, 2023

Start time: 19:08

End time: 22:14

Participants

Killiktee Padlug (HTA Chairperson)

Rosie Akavak (HTA Vice-Chairperson)

Sandy Akavak

Jawlie Akavak

Jawlie Mingiriak

Nathan Padluq

Alyssa Bohart, Polar Bear Biologist, GN ENV

Jason Aligatuqgtuq, Associate Deputy Minister, GN ENV

Matilde Tomaselli, Wildlife Researcher, Polar Knowledge Canada
Denis Ndeloh, Director of Wildlife Management, Nunavut Wildlife Management Board
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Davis Strait Abundance and IQ Report Consultation Summary 2023 13



Michael Ferguson, Director of Wildlife and Environment, Qikigtaaluk Wildlife Board
Naomi Akavak, Translator

Goal of meeting:

Provide an overview of the newest scientific and 1Q information regarding the DS polar bear
subpopulation as reported in the GN scientific study report and the 1Q report. Discuss the GN
TAH recommendation. Discuss any questions HTA has for both studies. Collect feedback and
IQ on DS management.

Next Steps and Action Items:

Short term Action Items (within 4-6 weeks):

e Mike: Another point, a request to Alyssa, is she mentioned at one point that maybe in
Nunavut, well she didn’t say this exactly, but the population is increasing in Nunavut, but
decreasing in Quebec and Labrador. Well the reality is that they did studies in both places
and | would ask the government to provide us with their two sets of estimates, their
estimates for the population in Quebec and Newfoundland and what the changes were
between 2005 and 2018, and | think they have the data or they could generate the results
to answer that question.

e Email HTAs the harvest management questions.

The Department is looking into questions and concerns raised during the consultations and
are working to resolve them.

Longer term Action ltems (next 2-3 months):
e NA

Meeting Notes:
Question to Group after Introductions:

The meeting began with introduction of participants. The 1Q study was presented first because
the presenter was in a time zone ahead of Eastern Daylight Time. Matilde Tomaselli presented
slide show with brief background and results on the 1Q study. These slides were not reviewed in
advance, but done as a separate, but included section. Dominique Henri (a co-author on the 1Q
report) had tried to meet with the HTA Board in March 2022, but weather did not permit it.
Alternatively, she sent physical copies of the 1Q report to the HTA and Matilde was presenting the
content of the report relevant to Kimmirut, that Dominique had tried to present in March, in this
meeting. Matilde presented on some key points from the report.

1Q study: Review, no questions

e Sandy: Would you know or was there any report on what happened or why there was fur
loss?

e Matilde: Thank you for the question, we asked that question and people reported that it
could be related to ice injuries and there is a wide range of things that could cause that,
but we cannot know for sure.
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e Sandy: | asked the question so the other members could understand what could have
caused the fur loss. Yes, | understand it could be coming off from being around the ice for
too long. Sometimes when they’ve been swimming too much and they have to go through
thin ice coming in and out of that causes fur loss.

e Matilde: Yes, we recorded that in interviews and it was included in the full report. Thank
you for sharing that with us.

19:58 — 20:16 Break

Alyssa Bohart presented slide show with background on the transition at the GN polar bear
research group due to the loss of biologist Markus Dyck. She then presented an overview of the
polar bear study process including the planning stages up to when a TAH management decision
is accepted by the minister and harvest tags are distributed to communities. She then noted that
the purpose of this meeting was to provide a summary of the results from the abundance and 1Q
study and to hear HTA feedback.

Abundance study background slides: Review, no questions.

Abundance study methodology/field work: Review
¢ Killiktee: What do you mean by mark? Do you physically mark it?
o Alyssa: On my next slide I'll explain, that’s a great question.

e Mike: The lines of the study area, doesn’t include Greenland, but on the map [in the room]
Greenland is apart of Davis Strait. Has this changed? If Greenland is part of it, was a
similar study done in Greenland in 2017-20187?

e Alyssa: What | do know is that we do have to work with Greenland on this subpopulation,
but I’'m not familiar if they did sampling in their region. For this report, we’re just talking
about the Canada results. I'd have to look into that further for you.

e After the next break Alyssa: | checked and Greenland doesn’t really harvest out of DS
and so we don’t have to be concerned about their harvest and therefore don’t survey that
area for management purposes. We do have to work with Greenland when we work on
Kane Basin and Baffin Bay.

Alyssa presented on the key results and how the findings from the abundance and 1Q study fit
together to provide a more complete picture of DS polar bears.

Abundance study results & harvest: Review, no questions.
21:03 — 21:15 Break

Abundance study results & harvest continued: Review
e Mike: Just to give an example, Baffin Bay was surveyed years ago and they said the
population was definitely decreasing and so they reduced the quota. And after that, the
Inuit in that area kept on insisting polar bears were increasing not decreasing. So
biologists reanalyzed the old data in a new way and the biologists found that the population
actually had increased, so the quota went up. Inuit are often right.

e Sandy: What | know, there’s an increase of polar bears up to today. When they first started
surveying in 1970, 1965, up to this day there is an abundance of bears. When | was
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younger, as a boy, | never heard or know no polar bears here. Long ago there was lots of
polar bears, but at the time | was born, there was no polar bears. | don’t want to, but |
predict that the polar bears might start declining again.

e | think, because around here there are hardly any more seal in our hunting areas, | want
seal meat, but we can’t get it because there’s none around. It's hard, we come home
empty handed. Now, seals are a polar bear’s main meal. Knowing that, not much seals in
this area, polar bears may move away from our area or decline. This has happened to
other animals, for example the caribous were declining so much faster than before. Now
there is hardly any caribou, but | know they will become abundant one day.

e You as biologists are not getting enough help from the locals, they’re not providing you
with enough information about the polar bears. They could be funding the local HTOs for
the ground survey. The community hunters could go out and collect. That way if there is
funding from sources, the locals could help with the survey that you do. We could be a
great help if we were given funding to do a ground survey on polar bears. The locals could
start going by skidoos down towards south and they could also go northside. This would
be a great help to you, I'm sure. Before when they started doing ground surveys, they
were funded by the government to take the biologists out with them. | don’t know what
happened, it just kind of suddenly stopped. | know for a fact that it would be a great help
to you as biologists if we start doing a ground study from each community. I'm sure it
would be a lot less expensive to do a ground survey.

e Alyssa: Thank you very much and we will be coming back for the Foxe Basin survey, so
that is something we can think about for that survey.

e Sandy: | know that it worked that time we did a ground survey.

Denis: The NWMB has some funding for the community or HTO to do some of the work
that Sandy is talking about. It's not a lot, up to $50,000 to fund wildlife studies or $50,000
for 1Q studies.

Alyssa Bohart presented slide show with the GN TAH recommendation. She gave the HTA
Board options to provide answers to discussion questions via email at a later date, but the board
could also share initial thoughts within the current meeting.

Questions from presentation:
e Do you agree that the number of polar bears stayed relatively the same over time?
Are there enough bears to harvest? Are there too few? Too many?
What did you observe in the bears’ body condition over time?
Is there anything special that you observed and wanted to share with us?
Where do you agree/disagree with our findings?
Think about how your HTO would like to manage the Davis Strait subpopulation?

Alyssa presented on how the findings from the abundance and IQ study fit together to provide a
more complete picture of DS polar bears.

Harvest management and TAH recommendation: Review

o Sandy: We don'’t really hunt polar bears anymore because there are not much buyers for
the hides. If we could ship them out raw, not dry, we might do that. We don’t really want
to hunt polar bears anymore because there’s not a lot of ladies to clean the hides and at
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the same time the cleaners will ask for a high price to clean the hide. A lot of hunters are
seeing polar bears, but not hunting them anymore. In the older days, they would’ve hunted
everything they saw, but not now.

e Denis: Just a comment on how TAH decisions are made. NWMB has 8 board members.
They are from different communities and help make decisions. The information will come
from the government, requesting that a decision is made. | work for the board, I'm not a
member. You can make a submission to the government who will send their submission
to us, or you can send it to us directly. The board will make a decision on the science and
IQ information.

e Mike: There are three points I'd like to make. As Alyssa has somewhat said, the numbers
in these studies are not exact. There’s a lot of variability in them and, so they can be
interpreted using 1Q and come up with different conclusions. Your conclusions from the
IQ study seems to be that the population is increasing in your area and that’s what all
three communities have said.

e Another point, a request to Alyssa, is she mentioned at one point that maybe in Nunavut,
well she didn’t say this exactly, but the population is increasing in Nunavut, but decreasing
in Quebec and Labrador. Well the reality is that they did studies in both places and | would
ask the government to provide us with their two sets of estimates, their estimates for the
population in Quebec and Newfoundland and what the changes were between 2005 and
2018, and | think they have the data or they could generate the results to answer that
question.

e My last point | want to make is that the QWB and regional wildlife boards in general
including the Kivalliq and the Kitikmeot, their role is to group together the points of view
when there is more than one HTO involved, which in this case there are three HTOs
involved. So, one of our roles is to work with you and the government on a view. So, for
those questions that the GN is asking you to answer, for example, | don’t know if the
question is there, but do you think that the TAH should be increased? Well, that could be
something that we discuss among the HTOs and through the QWB and the QWB provide
the answer. | believe the question should be answered by the QWB working with the
HTOs because that’s our job. Not that you can’t answer the GN directly, you can, if you
wish, but we might be able to come up with better ideas with three HTOs and have a
stronger view. That'’s all.

Sandy: NWMB have the final say in the TAH?
Denis: The NWMB makes the decision and forwards it to the government. The
government has the ultimate responsibility. They can change the NWMB decision, but
they would have to explain why.

e Alyssa: And for example, all recent decisions for polar bear management, the Minister
has accepted what NWMB proposes. So there’s not usually a discrepancy.

e Mike: Another example of how QWB may be able to help in all of these issues, is through
what has happened recently with the Baffin island caribou. QWB has been effective with
10 HTOs on Baffin Island to get increases in caribou TAH on Baffin Island.

e Sandy: The question | have now was answered earlier. If the HTO works with QWB, |
now understand that we can work with QWB and it can be handled that way when they
are trying to make a quota.
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Killiktee: From QWB, it goes to NWMB?

Mike: Yeah, QWB will send to NWMB.

Alyssa: And the information that you guys provide us, the answers from the questions,
we will include that in our consultation report that goes to NWMB. So, they'll also have
that information from us.

¢ Denis: Question to Alyssa, do you have an idea on when the government will make its
recommendation to NWMB for the Total Allowable Harvest?

e Alyssa: | can write up the report and | imagine the timing will depend on when we get
feedback from the HTOs to include in the report. When would the deadline be Denis, for
the next submission?

e Denis: Early August, first week of August.

e Jawlie: Further up north, how do they do theirs for the Foxe Basin area? How many do

they harvest? Do they harvest all of the tags up there?

Alyssa: | have the harvest table on my computer and can pull it up.

Denis: Generally, the harvesting of polar bears in Nunavut is lower than the TAH,
generally.

o Jawlie: The reason why | ask that question is because some other communities have
requests to see if they can get their Kimmirut credits.

e Alyssa showing the harvest table: So this is the total, 123 for the whole of Foxe Basin.
Last year, only 109 of the 123 were harvested. And this is Kimmirut, out of the 12, only 6
were harvested.

Killiktee: The other communities will ask us for tags.

Mike: | am told that some communities have no credit switch. Some communities, in the
Kivallig have no credits because they’'ve had a lot of defence kills and that’'s why they’re
asking you for tags, because you have credits.

e If your community is interested in exchanging or just giving credits to other communities,
or tags, you do that through the QWB, that’s one of the roles we have. If you are willing
to give tags to a community, you discuss it with them and how you’re going to do it and
when and then you send a request attached with a motion from your HTO and their HTO
to the QWB. The QWB will indicate if it can happen or not, then the QWB will send that
to the government and ask them to make the change in their documents. In most cases,
it doesn’t have to go to the NWMB.

e Kolola: If you want, you can always tell me and | can send your information to the
department.

¢ Killiktee: Yes, we do get requests and they must go through the QWB, even before Kolola
was here.

e Mike: Yes, I've been working with QWB since 2017 and | saw one request from Kivalliq
communities requesting credits from here, but it wasn’t very clear what they wanted. So,
| asked them some questions on what exactly they wanted to do and | never got a reply
from them.

Participants were thanked for attending, and their feedback.

22:14 Meeting End
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Purpose of this presentation

Provide summary of Obtain feedback from Next steps
the results from the your HTO
study



Wdf e A » Davis Strait polar bear subpopulation

‘ includes several jurisdictions
Qikigtarjuaq

’ Pangnirtung p=g = | Newfoundland & Labrador
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b % Québec
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i 'i' *| Nunavut
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Background

M

A * Initial study from mid-70s cannot be compared to
study from mid-2000s because of different study
area coverage

_Clyde River

~——_ikigtarjuaq

Pangnirtung
VA" |

 Last mark-recapture study 2005 — 2007 with
abundance estimate of 2,158 bears (Peacock
et al. 2013)

« Movement data and mark-recapture
data indicate the subpopulation was
distinct from surrounding
subpopulatlons

cl-i.’r'lrm‘-‘“d‘
P.vatlllqwlkkui
- Department of Envircnment
ﬂunwut Ministare de | Envirennement
By: M Marriott, 1% Aprll 2012
Doabum; MADES
Projaction: Lambert Conformal Conic
Diata Source; Department of En ronme
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Background S
i

. Bear numbers increased
| significantly since mid

1970s

* local knowledge

* impacts on other species
(birds, seals)

Higher density than most
populations

« relatively low harvest

* lots of harp seals

Communities generally
wanted to decrease

abundance since 2005-07

study.
Ger@Herzbergs2013 o ssmuton oo« ERITLSE



Objective et Stud Y s

Estimate
current
population size
& compare with
past estimates
to evaluate
population trend
and status.

Estimate
survival and
reproduction
the 2005-2018

Provide
updated
information to
all
management
authorities that
share this
subpopulation
for management
decisions.
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-Study Design

Davis Strait Polar Bear Study Timeline

Planning & _ Analyses, Report, &
Consultations Field Work Consultations

2015-16 2017-18 2019-23

» Study design * NL, NU, Nunatsiavut, QC, « Compile data

* Method choice Torngat Secretariat, and * Analyze data

« Logistics planning HTO/LNUK members * Prepare final report
« Consultations with co- * August-October «  Community

management partners « 2years consultations



Survey design and
method choice

2017 Survey observers
2018

Review & evaluation
of results
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 How do we estimate how many bears are in a population?
* We can’t count ALL bears

* Instead, we take a sample and then calculate an
approximate number > Mark-Recapture Method

Population
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‘Planning & Consultations = = &~
Example of Mark-recapture method (calculating population abundance)

2021 — Mark Year 2022
1 ] Marked Bear 1 l Recaptured Bear

& Population
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»

‘Planning & Consultations

Mark-recapture method (calculating population abundance)
« How do we mark bears?
« Tag and Collar
« This was done in 2005-2007 DS study
« Collect DNA
» Biopsy darting
 Harvest samples




‘Planning & Consultations’

» Consultations in 2016

» Captured and collared bears in 2005-
2007 study

» Co-management partners indicated
concern about drugging & handling
bears

» Explore alternative population
assessment methods

» Better reflect Inuit societal values

« Balance with analysis needs to properly
monitor population

 Biopsy darting




Genetic Mark-Recapture = Biopsy Darting




A\

Field Work D ise

GenetiC M a rk- Reca ptu re Dart after collecting sample.

Immediately falls out.
No handling

* Biopsy sampling — bears
not physically handled
or sedated

* Project happened in
August — October 2017

and 2018




Field Work

Genetic Mark-Recapture

Looked for bears based on

Inuit Qaujimajatugangit

(1Q) and science

* High-density: up to 5km
from coast

e Medium: 5-10km inland
e Low: 10-30km

Also flew over off-shore
islands

Same technique applied in
Baffin Bay study and
worked very well




‘Field Work

Data Collected

14480

FYStg VoY f’}h’:ﬁ hl‘.’ bk

Skinny Thin Very Fat

Biopsy/Genetics Body Condltlon




‘Field Work
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Areas Sampled

* 35,300 km flown each season

 Encountered 1343 bears, 1139 were

biopsied (98% genetic extraction and ID
success rate)

» 177 were recaptures from the 2005 —
2007 DS study

669 new individuals marked

d



Nunavut

5. (O Green dots = bear(s) observations
f"\/\ Purple lines = flight lines
{"'“\ Black broken line circles = areas not
3 \._. covered in 2018 due to weather
. TR, 7
. = & L0 = L
" Kimmirat® -~/ Y g “\' Gray broken line circles = areas not
G g L Sv._~» coveredin 2017 & 2018 due to weather
p-":* .
A ' Quagtag
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‘Analyses ——
Dataset

* Included all available data for analysis:

Collars Biopsies _
Live-capture bears

» 2,513 live capture bears
N . Collars 2005-2007
* Biopsies 2017-2018

Harvest Samples
* 1,623 harvest samples submitted

* 445 Baffin Bay, 460 Davis Strait,
718 Foxe Basin




‘Analyses ——

Body Condition

« Bears were assigned a Body Condition in both studies
» Physical handling (2005 - 2007)
» Aerial observation (2017 - 2018)

« Bears were in better body condition in 2017-2018

in poor condition ¥/ 3 in poor condition

2005-2007 2017-2018



‘Analyses ——

Reproduction — What do scientists look at?

 Number of offspring compared to all adult females

2005-2007 2017-2018

* 0.30 COYs/adult female * 0.41 COYs/adult female

e[ 1 &/

« 0.33 yearlings/adult female * 0.33 yearlings/adult female

el e el e

« Number of yearlings for each adult female is important because it
shows how many cubs-of-the-year survive to be yearlings

G — [ w— PCC —»@



-‘Analyses ——

Survival
1.0 - k +}
++ + *1 0 1*
= :
=
c
=
w
0.6 -
Mean offspring = 0.795 (95% Credible interval (CRI); 0.722, 0.864) A Coys/yrigs
Mean subadults = 0.879 (95% CRI; 0.825, 0.923) Subadults “J¥
0.4 - Mean adults = 0.876 (95% CRI 0. 859 o 894) @ Aduts g




-Analyses ——

Abundance

2750 A

« Less abundance in

2017-2018 than in 25007
2005-2007 :
8 2250 ;
S :
 Why? = :
. Increased harvest < 2000 o
* Nunavut community .
objective to slightly 17501 :

decrease
population size 1500




Davis Strait Harvest Ove.ry.ié’wg

e

Clyde River

Canadian
e e .- Harvest quotas
jurisdiction
2005-07 | 2017-18
NL 6 12
QC No quota | No quota
NU 46 61

* Nunavut harvest averaged:
44 bears/year since quota
Increase to 61.

 Qverall DS harvest increased
 1998-2008 = 64.1
:‘* e« 2009-2019 = 86.8



Davis Strait Harvest Overview

) 1 Rkl

el

Harvest in Different Jurisdictions

Harvest Proportion
Years Jurisdiction DS Mean Female

NU Quebec NL GL
1999.2008 394+46 165+84 59114 231220 641+101 0.345

2009-2019 442+101 30259 10935 15x15 86.8+236 0.350

Lt s
i

y
iy
L ]
= .
.

* Nunavut quota is 61, but harvest has been about 44 bears a year for

last 10 years.
» 67 credits converted to tags in 2019/20 and 2020/21 and none of

those were used.
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Defence of Life and Property Kills (DLPK) in DS Nunavut
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Nunavut Inuit Qaujimajatugangit on the health of the
Davis Strait polar bear population

0a 2 AOAC SBDALYDHB™NC SPPPeC H AP

AL Lo ¢ a o0A° [°~.0C€

Dominique Henri

Clro® H<on
Environment and Climate
Change Canada

ba Cl't ARNcn.rbde
Lo b
P7p <IN nerbde

Matilde Tomaselli
J LNP>=N DL/
Polar Knowledge Canada

ba Cl¢ D>PDSeCeDr ¢
BP>rLo b I nrede

Environnement et

Nunavut Inuit Qaujimajatugangit
on the health of the Davis Strait
polar bear population

Final project report — 2022

e ——
/_ gl oy Matilde Tomas

/ Dominigue Henr

i x ) Pangnirtung HTO

/ \ g Mayukalik HTO
/ \‘ Maomi Akay

/ | Doreen Kanayul

osemary

oa2'T AoAc bPaLYDB M
PPC3< AP*L AL*Lo a0AS

| P
aAa *fL¥™ — 2022
— 9 NBN DL/ e
//_ A CTe Helon
' \ / <t
/ x°) Lo orde
N 2\ scbieone
i ; / \ o ABT <be
e ~ | Darbat®
S Vol N, AN Pbnba =
( \ L C =3 AT
e ) T b
- s = DASH!

I * I Environment and
Climate Change Canada Changement climatique Canada

I*I Polar Knowledge  Savoir polaire
Canada Canada

et

unavut

R




Project contributors ASbCPc >0

Jawlie Akavak — Sandy Akavak — Rosemary Allen — Joe Arlooktoo — Joannie lkkidluak — Akulujuk Judea — Akeego Killiktee Mikidjuk Kolola —
Pitsiula Michael — Saimata Onalik — Eliyah Padluqg — Ejetsiak Padlug — Jeannie Padlug — Kooyoo Padlug Davidee Temela — Isaac Temela — Itee
Temela — Leopa Akpalialuk — Meeka Alivaktuk — Leesee-Mary Kakee — Peter Kanayuk Abraham Keenainak — Simeonee Keenainak — Michael Kisa —
David Kooneeliusie — Lazarusie Ishulutag — Johnny Mike Geetee Maniapik — Matiusie Maniapik — Davidee Nowyuk — Five anonymous
contributors
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Relative proportion of encounters (%)

<LRPAPEDE B> 5 a S
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RESULTS
BOoALo PN AL BB onPhNPNGC

Overall, interview contributors from Pangnirtung and Kimmirut reported that polar bear
numbers have greatly increased in both the Pangnirtung and Kimmirut areas.

CLA®6URedS, CLA®OC PP <> <Har®e, QAT RO 50CE Bibe B
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1 OO 0/0 @ ¢ @ ¢ L4 :A Legend
?, -~ P No observation (prior to contributor's date of birth)

- - A ° Polar bear abundance was either low or abundance was not reported.

800/ pr.¢ Increasing polar bear abundance directly observed.
o _ R I increasing polar bear abundance directly observed near communities.

° Vi Decreasing polar bear abundance directly observed.

rd
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Results

D OAYLo PN JHo BB oHnP\PNo e

Overall, interview contributors from Pangnirtung and Kimmirut reported that the polar bears they see
today are generally in good body condition and healthy.

CLA®6%LRedE, dA®APC>YE ASHCD>c DD <vg®eIC (L PHPHC DSbc P>*DC o 0AS
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v anincrease in polar bear numbers systematically observed by participants over their lifetime
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v' females with two cubs most frequently observed s

S OAC LPrg® IN®Csh®I Cdy>LYE J<oNe

v’ rare reports of polar bear disease or non-hunting
related mortality
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Results

D OAYLo PN JHo BB oHnP\PNo e

However, contributors pointed to some subtle
changes in polar bear health, including a slight
decline in polar bear fatness noted by some
participants and occasional reports of fur loss
(alopecia).
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Participants had also observed changes in polar bear
prey availability and habitat condition over time,
including changes in sea ice quality and quantity and a
decline in the number of ringed seal observed around
both Kimmirut and Pangnirtung.
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Results

D OAYLo PN JHo BB oHnP\PNo e

Contributors emphasized that nanug is a
resilient and opportunistic predator that is
highly adaptable to changes in prey
availability and habitat conditions.
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Results from this study highlighted public
safety concerns arising from increased
human-polar bear interactions and
encounters.
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Contact information
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Dominique Henri— C'a® H<.on Matilde Tomaselli= LN><N DL/<lc

dominique.henri@canada.ca matilde.tomaselli@polar.gc.ca
(438) 989-8166

I * I Environment and Environnement et
Climate Change Canada Changement climatique Canada

I*I Polar Knowledge  Savoir polaire 5_;‘0_ .

Canada Canada unav?lt

This project was funded by Environment and Climate Change Canada, the Department of Environment of the Government of Nunavut, Polar
Knowledge Canada, the Nunavut Wildlife Management Board, and the Nunavut General Monitoring Plan.

CL%a Ncn<® Palbrbrac beI® I Ncnred®o Fc o <A< c<o o ball, << Ncn,d°o oa 2°¢
LOLdY T, >0 BLALT Y ba (T, 0a 2¢ PLYcn AT bALAYS <H> 0@ 2¢ PPAA%NE <a 1Y ¢



. & IR "y
w '
e )

ot 2
& u‘y-‘ AL
Ei e

Western Science : . : '
_ Study Inuit Qaujimajatugangit Study

Question
Body Condition
Cubs

Survival

Polar bear
abundance

Health
Prey abundance
Sea Ice

Result
Better in 2017-2018
Relatively stable

Relatively stable
Stable/slight decline

Result
Good condition

Females with 2 cubs most often
observed

Stable
Increased

Hair loss sometimes
Ringed seals declined
Changes in quality & quantity

nsds
o
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Next Steps — Harvest Management:
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Next Steps — Harvest Management:

Do you agree that the number of polar bears stayed relatively the
same over time?

» Are there enough bears to harvest? Are there too few? Too many?

* What did you observe in the bears’ body condition over time?

* |s there anything special that you observed and wanted to share with
us?

 Where do you agree/disagree with our findings?



Next Steps — Harvest Management -

* Think about how your HTO would like to manage the
Davis Strait subpopulation?

« Davis Strait is a shared subpopulation between Canada
and Greenland
« Within Canada: Newfoundland and Labrador, Nunavut, and Québec

» Decisions on management will likely be a multi-
jurisdictional process so Nunavut should have a clear
position on the management goal for Davis Strait

« We will keep you and other partners informed as this process
develops



Next Steps — Harvest Management

Job of the Department of Environment

« Balancing act

Public Safety Polar Bear Sustainability

Harvesting Rights International Agreements

L S

Draft Total Allowable Harvest (TAH)

* The current TAH for Davis Strait in Nunavut is 61 bears per year.

« Department of Environment at this time is not recommending a change
to the TAH
» This is because of
* Management objective of a slight decrease and slight population decline
« Overall DS stable (body condition, reproduction, survival)



Dedicated to Markus
Dyck.

Thank you for all of your ==
hard work.




Thank you!
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Nunavut

August 8, 2023

Tommy Palliser
Executive Director
Nunavik Marine Region Wildlife Board

Miles Smart
Executive Secretary
Hunting, Fishing and Trapping Coordinating Committee

Re: New information related to the Davis Strait polar bear subpopulation for consideration
Dear Tommy Palliser and Miles Smart,

As you know, management authority for the Davis Strait (DS) polar bear subpopulation is a shared
responsibility of the governments of Nunavut, Québec, Newfoundland and Labrador, Canada, and
Greenland as well as the Wildlife Management Boards and Advisory Councils, including Nunavik Marine
Region Wildlife Board (NMRWB), Hunting, Fishing and Trapping Coordinating Committee (HFTCC),
Nunavut Wildlife Management Board (NWMB), and Torngat Wildlife and Plants Co-Management Board
(TWPCB). The Government of Canada will continue to inform Greenland of new information as it
becomes available.

We are writing to inform you that new scientific information is available on the DS polar bear
subpopulation. Additionally, the DS Technical Working Group has prepared a subpopulation status report
to summarize existing information (scientific and Indigenous knowledge) about DS polar bears,
habitat/environmental conditions, and harvest levels. The Government of Nunavut has prepared a
submission for a request for decision to the NWMB to reassess the DS Total Allowable Harvest for their
regular meeting on August 30, 2023. As there is a need to consider neighbouring jurisdictions in
decisions, we are requesting that this new information is considered by the NMRWB and HFTCC in
relation to harvest by Nunavik Inuit within the DS subpopulation. In the absence of a coordinated
process among jurisdictions involved to establish a harvest sustainable at a subpopulation level, and
subsequently allocate harvest among stakeholders, we encourage the NMRWB and the HFTCC to share
any information and/or recommendations regarding current harvest levels and needs of the Nunavik
Inuit, with respect to the DS polar bear subpopulation with the NWMB. Such information, views, and
recommendations may feed into discussions within the NWMB, while being responsive to other party’s
in the management of this shared resource.

The following attachments are provided for your consideration:

1. Dyck, M., Dunham, K.D., Ware, J.V., Koons, D.N., Regehr, E.V., Hosmer, D.W., Derocher, A.E., Dale,
A. Pisapio, J., and Szor, G. 2022. Re-estimating the abundance of the Davis Strait polar bear
subpopulation by genetic mark-recapture. Final Report, Government of Nunavut, Department of
Environment, Iglulik.

2. Davis Strait Polar Bear Subpopulation Status Report (hereafter, Subpopulation Status Report).



Re-estimating the abundance of the Davis Strait polar bear subpopulation by genetic mark-recapture

A two-year genetic mark-recapture (biopsy) study was conducted in 2017 and 2018 involving all co-
management partners with authority in DS to re-estimate the abundance of the DS polar bear
subpopulation. The study included genetic biopsy samples collected in 2017 and 2018, live-capture data
collected 2005-2007, and harvest recovery data collected annually from 2005-2018. Estimated
abundance for the 2017-2018 period was 2,015 bears [95% CRI 1,603 - 2,588]. Polar bears were less
likely to be in poor body condition in 2017-2018, compared to previous 2005-2007 physical mark-
recapture, adult males and solitary females were in better body condition than subadults and females
with dependent offspring. Mean cub-of-the-year and yearling recruitment appears to be sufficient to
sustain the subpopulation.

Subpopulation Status Report

The Subpopulation Status Report was prepared by the DS technical working group, which comprises of
representatives with management authority in DS (including governments, Indigenous Land Claims
Organizations, and Wildlife Management Boards). It includes information about the current and
historical abundance estimates, current and historical harvest levels, Indigenous knowledge, and
scientific studies completed for the subpopulation.

Some additional considerations
Subpopulation status

e In 2022, Canada’s Polar Bear Technical Committee (PBTC) assessed the recent scientific trend in
abundance for DS polar bear subpopulation to be “likely declined” based on scientific data.
The PBTC assessed DS abundance as ‘likely declined’ relative to the previous study (2005-2007)
given that there was a 0.896 probability that subpopulation growth was <1 and thus the
subpopulation most likely declined over this period. The PBTC also considered the potential for
high harvest, at the time of the survey the DS subpopulation had been managed in Nunavut for a
population reduction.

e The PBTC’s Indigenous knowledge trend of the DS subpopulation is ‘increased’. The assessment
is based on information from a number of published sources, including the report completed by
the NMRWB in 2019. In all studies, participants noted an increase in polar bear abundance since
the 1970s (across Nunavik communities as well as hunting, camping, and traveling areas of Inuit
from Kimmirut and Pangnirtung in Nunavut), and since the 1990s throughout Labrador.

Current harvest quotas and reported harvest (see full DS subpopulation status report for more details)

e Current harvest quotas for the DS subpopulation are as follows:
o 61 polar bears per year in Nunavut (established in 2012/2013 under an assumption of
2:1 male to female harvesting). The current Total Allowable Harvest of 61 can include up
to 50% female bears based on a 2019 decision from the NWMB.

o 12 polar bears from February 1% to June 30" in Labrador (established in 2012, managed
partially by sex with prohibitions on the harvest of females with cubs).

Page 2 of 3



o 3 polar bears in Greenland (established in 2006 with mandatory reporting).

o There is no current annual limit in place for Nunavik Inuit harvesting within DS. Since the
2007/2008 harvest season (after the 2005-2007 study period), reported Nunavik take
has averaged 25.5 polar bears per year with a sex ratio of approximately 1.9 males to 1
female from 1994/95 to 2021/22.

e Thus, the combined annual limit for Nunavut (61), Labrador (12), Greenland (3), and the average
annual reported take by Nunavik Inuit (25.5) is approximately 101 polar bears per year for the
subpopulation as a whole. Under the previous 2005-2007 abundance estimate of 2,158 bears,
this equates to a removal rate of 4.7%. Under the current 2017-2018 abundance estimate of
2,015, this equates to a removal rate of 5%.

e However, an annual harvest of 63.4 polar bears per year has been estimated based on data
reported to management authorities for the 5-year interval extending from 2017/18 to 2021/22
(38.0in Nunavut, 10.6 in Labrador, 13.0 in Nunavik, and 1.8 in Greenland). Under the previous
2005-2007 abundance estimate of 2,158 bears, this equates to a removal rate of 2.9%. Under
the current 2017-2018 abundance estimate of 2,015, this equates to a removal rate of 3.1%.

We would like to acknowledge the hard work and collaboration by co-management partners to complete
the Polar Bear Management Plan for Québec, the Eeyou Marine Region and the Nunavik Marine Region
(hereafter the QC-EMR-NMR Management Plan). Approach 1.3 of the QC-EMR-NMR Management aims
to revise the harvest registration process with the goal of achieving complete reporting of all human-
caused mortality of polar bears. Effective management and the long-term persistence of polar bears
relies on the collection of accurate harvest information. The governments of Canada, Nunavut, and
Québec are committed to continuing to work with co-management partners toward an effective polar
bear management system in Nunavik Marine Region and Mainland Québec.

We look forward to hearing from you with respect to your consideration of the provided information.

Sincerely,

—_—
]

7 B e B
27%70/40 1A S
Caroline Ladanowski Sébastien Lefort Jonathan Pynn
Director, Wildlife Management and Directeur, Direction de I'expertise sur la Acting Director, Wildlife Research and
Regulatory Affairs Division, Canadian faune terrestre, I’herpétofaune et Management
Wildlife Service I'avifaune Department of Environment
Environment and Climate Change Direction générale de la gestion de la Government of Nunavut

Canada faune et des habitats
Ministére de I'Environnement, de la
Lutte contre les changements
climatiques, de la Faune et des Parcs

cc Barrie Ford, Director, Wildlife and Research, Department of Environment, Makivvik Corporation
Jason Akearok, Executive Director, Nunavut Wildlife Management Board
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SUBMISSION TO THE

NUNAVUT WILDLIFE MANAGEMENT BOARD

FOR

Information: Decision: Recommendation: X

Issue: Total allowable catch levels and 100 tonne inshore quota for Greenland
Halibut in Subarea 0 for the 2024 fishing season.

Greenland Halibut (Reinhardtius hippoglossoides)

Background

A fishery for Greenland Halibut (GHL) exists in Northwest Atlantic Fishery Organization
(NAFQ) Subarea (SA) 0 which is divided into a northern region, Division OA (Baffin
Bay) and a southern region, Division 0B (Davis Strait), outside of the Nunavut
Settlement Area (NSA). The commercial fishing season for GHL starts on January 1 and
ends December 31%. A map illustrating NAFO Subareas and Divisions relevant to the
Greenland Halibut fishery can be found in Appendix 1.

The GHL stock in SAOQ is a part of transboundary stock shared between Canada (Division
0A and 0B) and Greenland (Division 1A to F offshore). At the request of both countries,
the NAFO Scientific Council (SC) provides advice on sustainable harvest levels. NAFO
does not regulate this stock; Canada and Greenland are responsible for regulation in their
own domestic waters. Canada and Greenland have a longstanding informal agreement
that the Total Allowable Catch (TAC) levels established on NAFO SC advice be divided
50/50 between the two countries.

For 2023 the SA0 GHL TAC is 16,502.5 tonnes (t), as set by the Minister of Fisheries
and Oceans Canada. A breakdown of the current TAC between Divisions is as follows:

Fishing Area Fleet/Interest 2023 Allocation (t)

NAFO Division 0A Nunavut 8,604.99
Inshore fisheries development 100.00
Total 0A TAC 8,704.99

| Fishing Area | Fleet/Interest | 2023 Allocation (t)




NAFO Division 0B Nunavut 3,840.59
Nunavik 402.82
Enterprise Allocation 2,654.09
Holders
Fixed Gear Competitive 900
Total 0B TAC 7,797.51

In 2022, the TAC was almost fully prosecuted in both Divisions 0A and 0B.

Since 2006, 100 t from the Division OA TAC has been allocated for inshore fisheries
development to be utilized within the Nunavut Settlement Area within NAFO division
0A.

The Division 0A Greenland Halibut (GHL) fishery is a commercial fishery entirely
designated to Nunavut (NU) interests. In 2006 and in accordance with the decision
making process set out in the Nunavut Agreement (NA), the Nunavut Wildlife
Management Board (NWMB) motioned to allocate 100 t of the Division 0A TAC for
inshore fisheries development within the Nunavut Settlement Area (NSA); the motion
was supported by the Minister of Fisheries and Oceans Canada (the Minister) and was
allocated for the 2006 fishing season. Since the initial decision, the 100t inshore quota
has consistently been maintained and deducted from the Division 0A TAC.

Once the 100 tonnes is allocated to the inshore, it is technically no longer considered
commercial offshore quota and is to be fished in the OA portion inside the NSA. The
NWMB gives authority to the Qikigtaaluk Wildlife Board (QWB) to suballocate the 100
tonnes through the NWMB Allocation Policy.

Consultation

An engagement meeting with Eastern Arctic Groundfish Stakeholder Advisory
Committee (EAGSAC) members (including NWMB staff) to share their views on the
SAO0 GHL TAC and allocations for 2024, occurred on July 12, 2024. A meeting
summary, including views presented, can be found in Appendix 2.

Science Information

NAFO SC advice:

In February, Canada and Greenland requested that the Northwest Atlantic Fisheries
Organization (NAFOQ) Scientific Council (SC) evaluate whether data collected in 2022 is
sufficient to reconsider the harvest level recommendation for 2024. If so, the NAFO SC
was requested to provide an updated assessment of status and trends in the total stock
area throughout its range and to advise on the 2024 TAC level.

The NAFO SC responded that the main surveys for Greenland halibut 0+1 Offshore in
2022 were carried out using a new vessel and gear. These data are not calibrated to the
previous survey series and therefore, insufficient to update advice on appropriate TAC
levels for 2024. As such, the advice from 2022 stands, and is as follows:



The main index for this stock has not been updated since 2017, consequently stock
status is increasingly uncertain. However, SC notes that the stock varied without
trend between 2013-17 while the fishery was increasing. Average catches during
this period were 29,640t [for SAO and SA1]; therefore, SC recommends catches
not to exceed this value in 2023 and 2024.

The NAFO SC summary sheet for GHL in SA 0+1 offshore can be found in Appendix 3.
The NAFO SC Research document for GHL in SA 0+1 offshore can be found in
Appendix 4.

Recommendation

TAC decisions take into account many factors including: conservation; science advice;
economic impacts; co-management and stakeholder views; land claim obligations and
international considerations.

Potential options when the science is advising a decrease in harvest levels:
e Implement a TAC in line with the science advice (i.e. a reduction of 10.19% from
2023 level)
e Implement a lesser TAC reduction than advised by the science
e Maintain the previous year’s TAC (i.e. 16,502.5 t)

As per Article 15, Part 3.4 of the Nunavut Agreement, DFO is seeking the advice of the
NWMB for management decisions with respect to:

1. the TAC for Greenland Halibut in SAO (offshore);

2. TAC distribution between 0A and 0B; and

3. the allocation of quota between fleets, including the inshore quota for fisheries
development.

Prepared by: Fisheries Management, Fisheries and Oceans Canada
Date: August 03, 2023
Appendices

Appendix 1 — Map of groundfish and shrimp administrative areas in Atlantic Canada
Appendix 2 — Meeting summary of EAGSAC member views on 2024 Greenland Halibut
total allowable catch

Appendix 3 — NAFO SC summary sheet

Appendix 4 — NAFO SC research (SCR) documents
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Appendix 2

2024 GHL TAC — EAGSAC Member Views

Meeting Summary
July 12, 2023

Chair — Christi Friesen, Senior Regional Fisheries Management Officer, Arctic Region (AR), Fisheries and
Oceans Canada (DFO)

EAGSAC Member Participants

Co-Management Organizations:
e Nunavut Wildlife Management Board (NWMB)- Leigh Gustafson

Commercial Fishery Associations:
e Nunavut Fisheries Association (NFA) — Derek Butler, representing:
o Arctic Fishery Alliance (AFA)
o Baffin Fisheries Coalition (BFC)
o Cumberland Sound Fisheries Ltd (CSFL)
o Qigiktaaluk Corporation (QC)
e Northern Coalition (NC) — Alastair O’Rielly, representing:
o Makivik Corporation
o Labrador Fishermen’s Union Shrimp Company Ltd.
o Torngat Fish Producers Co-operative Society Ltd.
o Nunatsiavut Group of Companies
e Atlantic Groundfish Council (AGC) — Bruce Chapman, representing:
o EcoSound Fisheries
Ueushuk Fisheries
Harbour Grace Shrimp Co. Ltd
Ocean Choice International
Mersey Seafoods Ltd
Clearwater Seafoods Ltd
Nordic Ltd.

O O O O O ©O

Commercial Fishers
e AFA — Dave Bollivar
e QC-Jerry Ward
e BFC— Chris Flanagan
e Cumberland Sound Fisheries Ltd. (CSFL) — Brittany MacLellan
e Ueushuk Fisheries/Innu Nation — Derrick Dalley
e Andrew Daley
e Nigitaq Fisheries — Paul Loder

Government Organizations
e Government of Nunavut (GN) - Zoya Martin



e Environment and Climate Change Canada - Jennifer Provencher
e DFO —Kevin Hedges, Research Scientist
e DFO - Kate Johnson, International Fisheries Policy

Observers

e QC-—Brian Burke

e AFA - Harry Earle, Joeli Qamanirg, Devan Archibald, Lootie Toomasie

e GN-—Delia Young

e DFO - Sandra Moore (FM-AR), Margaret Treble (SCI-O&P), Chantelle Sawatzky (SCI-O&P), Robyn
Lee (RM-NL), Robyn Morris (RM-NL); Leigh Edgar (RM-NCR)

Purpose of Meeting:
For EAGSAC members to share their views on the Subarea 0 Greenland Halibut TAC and allocations for
2024.

A presentation was given by DFO Science (Kevin Hedges) to provide background to the (unpublished)
NAFO SC response shared by DFO in early July. The science presentation included:

Subarea 0 + 1 survey summary: the 2022 survey was completed, the 2023 survey is scheduled to
start two weeks earlier to allow for better spatial coverage.

NAFO SC response to the results of the CSAS meeting on bridging time series data gaps: positive
responses, considerable interest in seeing model-based calibration tested further, contract being
developed to conduct analyses for presentation at the 2024 NAFO SC meeting.

The “SPICT” model: under development by Greenland Institute of Natural Resources, not accepted
by SCin 2023 but shows merit and further development encouraged.

Biomass Index and chart: DFO noted that the 2019 and 2022 data points should not be compared
against the old time series because of the changes in vessel and gear without standardization. The
Carruthers model is being further developed as a model based calibration. This model is to be
presented to the NAFO SC at its June, 2024 meeting.

The Chair noted that timelines are being pushed a little earlier than they have been in past (e.g. sharing
the unpublished NAFO SC response) to get on track for an earlier Ministerial decision.

Discussion:

NC asked when NAFO SC might be in a position to provide a full stock assessment
o DFO Science responded that two years of data is short, typically it's 3 to 5 years, with 5
preferred.
It was proposed by AGC that, before Canada next requests harvest level advice from NAFO SC on
GHL in SA 0 + 1 offshore, that there be a discussion (including stakeholders) on whether NAFO SCis
the best way to obtain science advice for this stock.



o Inlieu of a NAFO SC assessment, a “bilateral assessment process” was suggested, similar to
what is done for other bilateral stocks on the east and west coasts. Some of these processes
comprise invited experts, including from outside the two implicated parties.

o The proposal for a separate conversation on this topic was supported by QC, NFA, NC, AFA,
GN.

o NCcommented that as the management authority for Canada’s fishery, Canada is not
required to follow the NAFO SC advice.

e GN inquired whether Greenland had been engaged regarding the TAC for 2024 and whether DFO
can share what was discussed.

o DFO International Fisheries Policy noted that a broader bilateral call took place on July 5,
including to discuss early views, and that the next call specific to this issue is scheduled for
August 18. This August 18 call is expected be the first of two to three, as stakeholder and
partner consultations will not have concluded by then. DFO will consider what information
from these discussions can be shared with stakeholders.

o AGC felt (with others in agreement) that Canada’s TAC decision should not be ‘jammed’ into
Greenland’s timeline and recommended that discussions with Greenland on setting the
2024 TAC should be postponed until after stakeholders have provided their views to DFO in
writing.

e GN requested that the Department explain how the impacts (economic?) to Indigenous peoples
specifically were taken into consideration in the decision making process to reduce the 2023 TAC.
o DFO to follow up in writing.

TAC Views presented:

e Disagreement with the harvest level advice provided by NAFO SC in 2022 (AFA, NFA, GN, AGC):

o Members re-iterated views presented last year (on the 2023 and 2024 TAC amounts), that
there has been no evidence of stock decline and/or problems with stock health. No reasons
to warrant a decrease to the 2022 harvest levels.

o The biomass index from the 2022 survey (presented during the meeting) also does not
indicate an issue with stock health.

o An absence of scientific information, especially when there are no other negative indicators,
is not a reason to apply harvest level decreases.

o The decision to reduce the TAC was not based on sustainability.

e Views were presented that the NAFO SC advice is not in alignment with the Government of Canada’s
description of precautionary approach and that the precautionary advice provided by NAFO SC did
not consider economic impacts (AGC, AFA, NC, NFA).

e A number of members noted that they would like to review all of the NAFO SC information before
providing DFO with a written submission of views.
o DFO agreed and cancelled the July 28 due date. Once information is available, DFO will share
the information and set a new deadline for written submissions.
e Action:
o Christi (DFO) to follow up on GN question.



o DFO to provide NAFO SC information as soon as possible and follow up with a different
deadline for written submissions.
o Meeting summary will be provided.



Appendix 3

Greenland halibut in Subarea 0+1 (offshore)

Request by Canada and Denmark (Greenland): Advice on Greenland Halibut, Offshore in Subareas 0
and 1 was provided in 2022 for the 2023 and 2024 fishing seasons. The Scientific Council is asked to
evaluate whether the data collected in 2022 is sufficient to reconsider the harvest recommendation for
2024. If so, the Scientific Council is requested to provide updated advice on appropriate TAC levels for
2024, taking the new data into account.

Scientific Council responded:

The main surveys for Greenland halibut 0+1 Offshore in 2022 were carried out using a new vessel and gear.
These data are not calibrated to the previous survey series and therefore, insufficient to update advice on
appropriate TAC levels for 2024.

The advice from 2022 is as follows:

The main index for this stock has not been updated since 2017, consequently stock status is increasingly
uncertain. However, SC notes that the stock varied without trend between 2013-17 while the fishery was
increasing. Average catches during this period were 29 640 t; therefore, SC recommends catches not to exceed
this value in 2023 and 2024.

Data collected during 2022 have been evaluated by the SC. A survey series started in 2022 with a new vessel
R/V Tarajoq, also using a new trawl gear (Bacalao 476). The deep surveys in Subarea 0 (expanded survey area
in 2022 to include Division 0B and 0A-South) and Divisions 1CD were conducted; unfortunately, no
comparative experiments between the different vessels and gears could be performed, as the former vessel
R/V Paamiut was retired following the 2017 surveys.

Survey abundance and biomass indices were calculated but cannot be put into context with preceding data to
examine trends. A model-based calibration (Huynh and Carruthers 2023) of survey data will be further
explored for application with the current survey series, including validating using data from historic
comparative towing experiments in other DFO regions. This work is expected to inform the scheduled 2024
assessment of this stock.

The new Bacalao trawl is expected to have different catchability from the previous Alfredo trawl used with the
R/V Paamiut. The survey length frequency distribution has a similar range to preceding years, but relative
catchability at length between the new and old gear is unknown. Higher numbers of small fish were observed
in the catch, likely because of the change to using a Bacalao trawl, which has a smaller mesh size than the
previous Alfredo trawl. A Stochastic Surplus Production Model In Continuous Time (SPICT; SRC Doc 23/031)
that uses as input catches the combined deep-survey 0A-1CD index (1999-2017, and the 2019 index with
uncertainty), and the shallow 1AF survey index of the biomass of fish > 35 cm was presented. SC noted concerns
regarding the biomass scaling, especially at the start of the time series, raised questions about some parameter
estimates (e.g. r), and suggested that priors be investigated further. The model was not accepted but model
development is continuing.

NAFO SC determined that there is not sufficient new information from the 2022 surveys in Subareas 0 and 1 to
reconsider the harvest recommendation for 2024. The SPICT model and model-based calibration work showed
promise and will be developed further for the 2024 assessment.

Reference:

Huynh, Q.C., and Carruthers, T. 2023. Development of Spatial Operating Models to Test Survey Design and
Calibrate a New Survey Index for Northwest Atlantic Fisheries Organization Subarea 0+1 (offshore)
Greenland Halibut (Reinhardtius hippoglossoides). DFO Can. Sci. Advis. Sec. Res. Doc. 2023/038. iv + 35 p.
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Data available for the Greenland Halibut Stock Component inNAFO Subarea 0 + 1 (offshore)
A. Nogueiral, K.J. Hedges?
1Greenland Institute of Natural Resources, Box 570, 3900 Nuuk, Greenland

2Fisheries and Oceans Canada, Freshwater Institute,
501 University Cres., Winnipeg, Manitoba, Canada R3T 2N6

Abstract

The paper presents the data available for Greenland halibut in Northwest Atlantic Fisheries Organization (NAFO)
Subareas 0 and 1 (offshore) that can be used for stock assessment. Since 1995 catches have been near the TAC,
increasing in step with increases in the TAC. Greenland and Canada have conducted buffered random stratified
bottom trawl surveys in Div. 1CD and 0A-South which are combined for the stock assessment. Surveys were not
conducted in 2018, 2020 or 2021 and the 2019 survey was conducted with a charter vessel which after review of
gear performance measures was not considered comparable to previous surveys. In 2022, a new survey index
starts in 1CD and 0A-South with a new vessel and a new gear. As a result there has been no data from offshore
surveys that could be used to give advice, since 2017. The combined 1CD-0A-South biomass index had been
relatively stable from 1999 to 2017 and all values were above the Blim for the survey series. Abundance followed
a similar pattern. An updated index of abundance of age 1 Greenland halibut from the shallow survey, in1AF, was
available for 2022. An index of the exploitable biomass > 35 cm from that survey is also available and can be used
for surplus production models. A CPUE index for trawlers fishing in SA 0+1 has been declining since a peak in
2018, and the gillnet CPUE for SAO declined in 2021 after a continued increase from the beginning of the series
in 2003 to 2020. It has been stable from 2020 to 2021. However, CPUE is known to have limitations as an index
of population status.

Northwest Atlantic Fisheries Organization www.nafo.int



1. Overview of the fishery
1.1.TAC Regulation

Greenland halibut in Subarea 0+1, including 1A inshore, came under quota regulation in 1976 when a TAC of
20,000 t was established (Fig. 1). TAC increased to 25,000 tin 1979. In 1994 analysis of tagging and other
biological information resulted in the creation of separate management areas for inshore Div. 1A and Subarea
0+1A (offshore) and 1B-F. The portion of the TAC allocated to Subarea 0+1A (offshore) and 1B-F was 11,000 t
and the TAC remained at this level from 1995-2001, during which time the TAC was fished almost exclusively
in Div. 0B and Div. 1CD. A series of surveys took place during 1999-2004 in areas of Div. 0A and 1AB that had
not been surveyed before. This new information on biomass in the stock area resulted in increases in the
overall TAC of 4,000 tin both 2001 and 2003 and 5,000 t in 2006 that were allocated to Div. 0A and 1AB.
From 2006 to 2009 the advised TAC in Div. 0A+1AB was 13,000 t and the TAC for OB and 1C-F remained at
11,000 t. Based on an observed positive trend in the 1CD survey index the TAC for Div. 0B+Div. 1CF was
increased by 3,000 tin 2010 and the overall TAC for Subarea 0+1 (offshore) remained at 27,000 t from 2011-
2013.1n 2014 the TAC for Div. 0A+Div. 1AB was increased by 3,000 t to 16,000 t based on positive trends in
the survey indices and the overall TAC of 30,000 t remained through 2016. In 2016 an index based harvest
control rule (HCR) was accepted as the basis for TAC advice and an increase of 2,300 t was advised for the
entire Subarea 0+1A (offshore) and 1B-F stock area for 2017 and 2018. Scientific Council allocated the
increase equally to Div. 0A+1A(offshore) and 1B, and 0B+1C-F. In 2018 the HCR was used to advise an
increase of 4,070 t for the whole of Subarea 0+1A(offshore) and 1B-F with allocation among divisions left to
the managers. In 2020 separate management areas were established for inshore fishing areas in 1B-F and the
TAC for Subarea 0+1A-F (offshore) was maintained at 36,370 t for 2021 and 2022. However, in 2022, SC was
unable to assess stock status because of a lack of usable survey data from 2018-2021, which followed a TAC
increase in 2018. SC noted that the stock had varied without trend between 2013-2017, prior to the most
recent TAC increase, and recommended that the TAC for 2023 and 2024 not exceed the average catch during
period, 29,640 t. In 2023 both Canada and Greenland asked SC to determine if surveys conducted in 2022
provided sufficient new information to reconsider TAC advice for 2024; SC reviewed the new data and
considered efforts to develop a model-based framework for this fishery, and determined that there was not
sufficient new information to provide new TAC advice.

1.2.Catches in Subarea 0 + 1 (offshore)

Catches were first reported in 1964 and rose to 18,303 tin 1975 before declining to 187 tin 1986 (Fig. 1).
Catches then increased to 17,888 t in 1992 due to a new trawl fishery in Div. 0B with participation by Canada,
Norway, Russia and Faeroe Islands, and an expansion of the 1CD fishery with participation by Japan, Norway
and Faeroe Islands (Tables 1 and 2). Catch declined from 1992 to 1995 primarily due to a reduction of effort
by non-Canadian fleets in Div. OB. Since 1995 catches have been near the TAC, increasing in step with
increases in the TAC (Fig. 1). The TAC was 36,370 t from 2019 to 2022. In 2022 catches were 36,485 t. In
2023 the TAC was reduced by 9.25% to 33005 t.

Fisheries and Oceans Canada does not include the J-cut, tail off product in its list for Greenland halibut but an
interim conversion factor of 1.49 was provided in at-sea observer manuals and used by vessel operators and
observers since 2007.In 2021, at the request of the Canadian fishing industry, the CF for J-cut, tail off product
was lowered from 1.49 to 1.4. Based on a review of at-sea observer experiments conducted in Subarea 0 the
appropriate value to estimate round weight from J-cut, tail off, dressed weight is 1.5 (round weight = J-cut
weight x 1.5), which is comparable with J-cut, tail off CF values used by other countries that fish in the SA0+1
stock area (Treble and Hedges 2022). In 2021 the difference amounted to the removal of an additional 1,129 t
(round weight) of Greenland halibut (DFO statistics indicated 87% of Arctic Region catch and 90% of
Newfoundland Region catch was processed as frozen, gutted, head and tail off, which describes ]-cut product).
The 2021 SA 0 catches have been adjusted accordingly , but not in 2022(Table 1). In 2022 the two conversion
factors were used for quota reconciliation (1.4) and to determine the total biomass removed (1.5), with the
difference resulting in the removal of an additional 653 t (round weight) of Greenland halibut.

Northwest Atlantic Fisheries Organization www.nafo.int



Inshore fisheries in the fjords of Div. 1A-F and in Cumberland Sound in Div. 0B are managed separately.
However, there is no way to differentiate or separate inshore from offshore catch in the totals reported for
these divisions in STATLANT 21A statistics, so it is necessary to rely on the Greenland and Canadian
authorities to determine the offshore catch for Subareas 0 and 1.

1.3.Distribution of catches

The Greeland halibut fishery took place in two localized areas: the Baffin Bay (North area in 0A and 1AB) and the
David Strait (South area in 0B and 1CD). Fishing occurred in comparable areas in 2022 relative to preceding years
(Figures 2 and 3). In Subarea 0 fishing was concentrated along the Baffin Island shelfbreak between approximate
61°N and 72°N (Figure 2). In Subarea 1 fishing effort was concentrated on the shelf break in Div. 1A-B and within
the David Strait in Div.1C-D (Figure 3).

1.4 Landing trends

Landings split by areas and countries are only available from 1987 (Figure 3). The fishery in the Northern area
(0A1AB), in Baffin Bay, started around 2000s. Only very small landings were reported in 0A by foreign countries.
In 0A, all landings since the 2000s are from Canada, and in 1AB, 90-95 % by Greenland. In the South area, split
data from Canada are available only from 1999. Until 1995, in 0B, catches were caught by foreign countries
(Russia, Norway and Faroes) and in Greenland waters, most of the landings are from Japan and Norway. From
1995, all landings in 0B are from Canada. In Greenland, landings in 1CD are a mixture of Greenland and foreign
countries (Norway, Faroes, Germany and Russia) (Figure 4, 5 and 6).

Bottom otter trawl gear is primarily used in the Subarea 1 fishery while the Subarea 0 fishery is a mix of trawl
and gillnet (30-40% of the catch in recent years has been from the gillnet fleet). Longline gear is used
occasionally in both Subareas (Figure 7 and 8). The trawlers have been using both single and double trawl
configurations since about 2000. The gillnet fishery in Subarea 0 began in 2005 and has been using baited
gillnets since about 2015. These baited gillnets have recently been reported to increase catch of Greenland
halibut by 150% to 250%, depending on how the bait is attached to the gear (Bayse and Grant 2020).

All landings in the Northern area from the third and fourth quarters of the year. In the Southern area, a small
portion is caught in the first and second quarters (Figure 9).

1.5.Catch per unit of effort:
Subarea 0 + 1 (offshore) Trawl CPUE

The trawl catch rate is standardized using a General Linear Model. Data were aggregated by Year, Month,
Gear, catches (t) and hours fished. Values less than 10 are removed. CPUE observations were log-transformed
prior to the GLM analysis. Data were fit in R v. 4.40.40. (R Core Team, 2020) and least squares means were
estimated with package “emmeans” (Lenth et al. 2018).

Catch rates for SA1 were available from logbooks submitted by all countries to the Greenland authorities.
Until 2008 the fleets in the catch rate analysis have been grouped by nation, but information about gross
tonnage is now available in the Greenland logbook database and the fleets are grouped based on size and
gear. This has not changed the trends in the CPUE series, but the SE and CV of the estimates have been
reduced significantly.

The standardized CPUE for trawlers in SA 0 and 1 increased from 1999 to 2018 and has declined since then
(Fig. 10) (Appendix 2).

The gillnet catch rate is also standardized using a General Linear Model. Data were aggregated by Year,
Month, Gear, Country/region (Newfoundland and Arctic), catches (t) and nets fished (per 100 nets). Gillnet
CPUE increased from the beginning of the series in 2003 to 2020, then declined in 2021. It has been stable
from 2021 to 2022 (Fig. 11) (Appendix 3).
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CPUE indices should be interpreted with caution:
1) It is not known how the technical development of fishing gear has influenced the catch rates. For
example the catch from single and double trawl gear was often aggregated as “otter trawl” catch
when this gear was first introduced to the fishery in the early 2000s and bait has been attached to
the gill nets in SAQ beginning in 2015;
2) Coding of gear type in the log books is not always reliable, which can influence the estimation of
catch rates;
3) Changes in fleets and fishing grounds have occurred in both SA0 and SA1.

2. Sampling from Greenland halibut landings

Distribution of the samples

Information on fisheries and sampling in SA 1 for 2022 were available from Greenland (Nogueira and Nyggard,
2022) and Russia (Fomin and Pochtar 2022) research reports. The distribution of commercial samples in 2022

is shown in Figure 12.

2.1 Length Distribution

Trawler

Length frequency samples available from SAO and SA1 fisheries have been combined to create an overall
length frequency. Given the differences observed in length frequencies between Baffin Bay (Div. 0A+1AB) and
Davis Strait (Div. 0B+1CD) plots of these areas are also provided. In SA0 and SA1 the modal length has varied
from 49 to 51 cm (Fig. 13). From 2004 to 2014 the mode was at or below 50 cm, since 2014 the mode has
remained above 50 cm. In the Baffin Bay area (0A+1AB) the length frequency range is typically 20 to 90 cm
with a mode fluctuating between 45-51 cm (Fig. 14). In the Davis Strait area (0B+1CD) the length frequency
range is typically 30 to 100 cm, with a mode varying between 45 and 53 cm (Fig. 15).

Gillnet

Length samples were available from gillnet fisheries in SAO and are plotted for 2006 to the present. Lengths
typically range from 40 to 90 cm. Prior to 2014 modal size was approximately 61 cm, from 2015 to 2020 it
varied around 59 cm. The 2020 sample was much lower than in other years that may have affected the results
for that year. In 2021 there was a decline to approx. 56 cm (Fig. 16).

Longline

There is occasionally a longline fishery in SA1. Length frequencies were available from Greenland for Divs. 1AB
(2001 and 2016) and 1CD (2001, 2005-2009 and 2013). The longline length frequencies have been combined for
the whole SA1. Longlines typically catch larger fish (40 to 100+ cm) and in Div. 1CD the modal length has been in
the range of 55 cm (Figure 17).

2.2 Age Distribution

Preliminary results from otoliths sampled during the 2019 SA 0 fishery ranged in age from 4 to 26 years, with a
modal age of 12 years (Fig. 18).

2.3 Bycatch and Discards
Discards of Greenland halibut in the trawl fishery in both Subareas is small, normally 1- 2% of retained

Greenland halibut. Discards in the Subarea 0 gillnet fishery are slightly higher but usually not more than 3%
of the retained catch.
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By-catch is estimated by observers on board vessels in SA 0. The targeted at-sea observer coverage is 100% for
both the trawl and gillnet fisheries in Div. 0A, 100% for the trawl fishery in Div. 0B and 20% for the gillnet
fishery in Div. 0B. The 20% gillnet target is has not always been met, particularly in 2020 and 2021, due to the
COVID-19 pandemic. A summary of by-catch was done for 2021 fishing trips licensed by Fisheries and Oceans
Arctic Region. Overall bycatch was <2 % of the observed Greenland halibut catch. Bycatch in the gillnet fleet
was 2-3%, slightly higher than in the trawl fleet (1-2%). Bycatch in SAO was mainly comprised of 4 species,
Greenland shark, roughhead grenadier, Arctic skate and northern wolffish.

By-catch was available from a number of logbooks of Greenland vessels fishing in SA 1 during. These data are
not complete but do provide a rough estimation of the primary by-catch species for 2017 to 2019. The highest
in terms of biomass was Greenland shark (S. microcephalus), followed by Redfish (Sebastes species), skate
species and roundnose grenadier (C. rupestris) (Treble et al 2022).

3. Research Survey Data
3.1 Surveys conducted during 1987 to 1996

Surveys began in SAO and SA1 in the mid 1980’s with surveys conducted in 0B by Russia and Germany and in
1BCD jointly by Greenland and Japan (Fig. 18). Since 1997 surveys have been conducted in 0B and 0A-South
by Canada and in 1CD by Greenland using the same research vessel (Fig. 18).

3.2 Greenland and Canada Surveys in Divisions 1CD (Davis Strait) and 0A-South (Baffin Bay)

Greenland and Canada have conducted buffered stratified random bottom trawl surveys at depths 400 m to
1500 m in Div. 0A-South (to approximately 72°N) (since 1999) (Figure 20 and in Div. 1CD (since 1997)
(Figure 21 (using the GINR RV Paamiut and fishing with an Alfredo bottom trawl gear. The 0A-South area
was re-stratified in 2008 to include the full extent of Division 0A and to match the depth categories used in
the Greenland Subarea 1 stratification. In 2019 there was a change in the research vessel (CV Helga Maria)
and in the survey timing; August instead of Sept for Div. 1CD and August instead of September-October for
0A-South (Treble 2020, Nogueira and Estevez-Barcia 2020, Wheland et al. 2020). The vessel used the same
Alfredo gear but comparative analysis shown that the gear performed differently at depths > 700 m. As a
result the 2019 index is not comparable with the rest of the time series (Nogueira and Treble 2020). No
surveys were conducted in 2018, 2020 and 2021. In 2022, a new survey times series started in 0A and 1CD
with a new reseach vessel owned by GINR, R/V Tarajoq and using a different gear, Bacalao bottom trawl.

Given the common research vessel and survey protocols it was possible to develop a combined biomass and
abundance time series index for 1CD and 0A-South for years 1999, 2001, 2004, 2008, 2012, 2014-2017 with
R/V Paamiut. The combined index was also estimated in 2019 with C/V Helga Maria and in 2022 with R7V
Tarajoq although they are not comparable the indices from the different vessels(see Nogueira and Estévez-
Barcia 2022, Hedges 2022 for individual survey details). The combined biomass indices from the 3 vessels
and the length distributions are in figures 20 and 21. Biomass in 1CD and 0A-South combined was relatively
stable from 1999 to 2014, varying between 124,000 t and 172,000 t. It then increased to 213,000 tin 2016,
followed by a decline to 138,000 tin 2017.In 2019 biomass was 164,000 t and in 2022, it was 222 400 t
(Figure 22).

The overall length distribution (weighted by stratum area) in 1CD was dominated by a mode at 51cm from
2006 to 2017, an increase from a mode of 45 cm observed in 2000. In 2019 and 2022 the mode was 53 cm
(Nogueira and Estévez-Barcia 2020, Nogueira and Estévez-Barcia 2022). There has been more variability in the
0A-south length frequency, with a primary mode around 45 cm and secondary modes varying between 20 and
30 cm (Treble 2020). The frequency distribution for 1CD and 0A-South combined typically ranges from 5 cm
to just over 100 cm. In 2019 length ranged from 5 to 108 cm. Modal length has varied between lows of 42 cm
and 43 cm in 1999 and 2001, respectively, to a high of 51 cm in 2015. In 2019 the modal length was 51cm.
Secondary modes are clearly presentin 2008, 2012-2017.In 2022, distribution has a similar range to preceding
years but there were higher numbers of small fish in the catch, likely because of the change to using a Bacalao
trawl. (Fig. 23).
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3.3 Greenland Shrimp and Fish shallow survey

Since 1988 surveys with a shrimp trawl at shallow waters have been conducted off West Greenland during
July-September. The survey covers the area between 59° N and 72° 30" N (Div. 1A-1F) from 50 m to 600 m
(Figure 24). The survey area was re-stratified in 2004 based on better information about depths. All biomass
and abundance indices have been re-calculated. The re-calculation did not change the trends in the
development of the different stocks. The Skjervoy trawl was changed to a Cosmos trawl in 2005. Calibration
experiments were conducted (Rosing and Wieland, 2005), and data from 1988 to 2004 were converted so the
time series are comparable. The RV Paamiut was used for the survey from 1991 to 2017. In 2018 the CV
Sjuderberg was used to conduct the survey, in 2019 and 2020 the CV Helga Maria and in 2022 the new vessel
R/V Tarajoq. An examination of gear parameters found that the effects of these vessel changes had a minimal
effect on trawl performance (Nogueira and Treble 2020, Nogueira et al. 2022). No survey was conducted in
2021.

Greenland halibut is widely distributed throughout the 1A-F survey area, but highest concentrations are
found in nursery areas in Division 1A, 1B-North and Disko Bay (Fig. 19). Biomass has varied with a general
increasing trend from 2014to 2022 (Fig. 25). Abundance of age 1 has been more variable (Fig. 26), with
notable peaks of high abundance in 2011, 2013 and 2017. Abundance is mainly driven by year to year
variability in the number of one- and two-year old recruits, which typically constitute 80-90% of the
Greenland halibut caught during the survey (Nygaard and Nogueira, 2022).

Clear modes can be found in the length distribution at 12-15 cm and 23 cm (fig. 27), corresponding to fish at
age 1 and 2, using the Peterson method to assign age based on length frequencies (Nygaard and Nogueira,
2021). This allows for the development of an age-1 index. Since 2003 there has been an overall declining trend,
with the exception of three large year classes producing high abundances of age 1 fish in 2011, 2013 and 2017.
The index declined from 2017 to 2019 butin 2020 and 2022 it had increased to a level near average for the last
10 years. It is unclear if the age 1 abundance index is representative of future recruitment.

Greenland halibut larger than 35 cm forklength in the Greenland shrimp and fish survey were examined
separately as these fish are available to the Subarea 0+1 (offshore) fishery, and was used to explore a
Stochastic Surplus Production Model in Continous Time (SPICT) (Nogueira et al. 2023). A biomass index for
fish >35 cm increased from 1991 to a peak in 2004, subsequently declined and has varied without trend from
2006 to 2022. Length frequency data for these fish showed gradual increases in the maximum length
observed and number of fish between 35 and 45 cm forklength prior to 2004 (Fig. 28 and 29). Since 2004 the
maximum length has been relatively stable and the majority of fish have fallen between 35 and 55 cm
forklength.

3.4.Survey Age distribution

There has been uncertainty in the accuracy of age determination methods for Greenland halibut which were
resolved at a workshop held in Iceland in 2016 (ICES 2017). Effort is currently under way to age the back log
of otoliths in order to provide age data for future assessments. Growth curves are available for male and
female Greenland halibut for 2017. Female ages ranged from 3-32 years and males from 3-28 years. Age at 45
c¢m was approximately 10 years for both males and females.

Survey Length-at-maturity
Maturity information collected during surveys in SAO were examined in 2006 and updated in 2009 (Harris et
al. 2009). Few fish were found to be mature. For females in 0A-South and 0B the length at 50% maturity (L50)

ranged from 67-84 cm and 62-67 cm, respectively. Males don’t grow to be as large as females and their L50s in
0A-South were 54-65 cm and in 0B it was 39-43 cm.
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6. Conclusion

The surveys that provide the main index for this stock were not conducted in 2018, 2020 or 2021. The
survey in 2019 was conducted with a charter vessel and after review of gear performance measures it was
not considered comparable to previous surveys. In 2022, a new time series started with a new research
vessel, R/V Tarajoq, using a new trawl gear, Bacalao. As a result there has been no data from offshore surveys
since 2017. From 1999-2017 the 0A-South+1CD combined survey biomass index had been relatively stable
with more variability observed near the end of the time series and all values were above Blim.

There is an update from 2022 for the Greenland fish and shrimp survey in Divs. 1A-F. Although the survey
experienced vessel changes during 2018-2020 and 2022, the results are considered comparable with
previous years. Since 2003 the abundance index has had an overall declining trend, with the exception of
three large year classes in 2011, 2013 and 2017. Abundance of age-1 fish was near average in 2020. It is
unclear if the age-1 abundance index is representative of future recruitment. An index of exploitable biomass
> 35 cm has been estimated from that survey and it has been used as input in a surplus production model,

Since 1995, catches have been near the TAC, increasing in step with increases in the TAC, reaching a high of
36,446 tin 2019. The TAC from 2019 to 2022 has been 36,400 t and catches in 2022 were 36 400 t.

The surveys and trawl fisheries have almost all seen slight increases in modal lengths over the last 10 to 15
years, from values below 50 cm (48-49cm) to values above 50cm (51-52cm). However, the modal size in the
SAOQ gillnet fishery has declined, from approx. 61 cm to 59 cm, and in 2021 it was approx. 56 cm.

A standardized CPUE index for trawlers fishing in SA 0+1 has been declining since a peakin 2018 and the gillnet
CPUE for SAO declined in 2021, after a continued increase from the beginning of the series in 2003 to 2020. In
2022, the CPUE was stable. However, CPUE is known to have limitations as an index of population status.

Data collected in 2022 are not sufficient to give a new advice in 2023.
7. Research Projects

Fisheries and Oceans has undertaken research on geospatial and other population models that could be used
to improve the stock assessment. Preliminary findings were reviewed during a DFO meeting to be held in late
fall 2022. Outcomes of the DFO meeting, with particular details regarding an approach for a model-based
survey calibration, were presented to STACFIS in June 2023. The model-based calibration approach will be
furthere developed during 2023-2024 for consideration during the next stock assessment at the NAFO SC
meeting in June 2024 (Huynh and Carruthers, 2023).
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Table 1. Greenland halibut catches (metric tons) by year and country for Subarea 0, 1987 to 2019. Based
on STATLANT, with information from Canada used to exclude 0B inshore catch.

0A 0B SAQ
Year CAN Othera TOT 0A CAN Othera TOT OB Total
1987 388 388 388
1988 2 1022 1024 1024
1989 180 907 1087 1087
1990 844 8909 9753 9753b
1991 395 8350 8745 8745
1992 2624 10164 12788 12788
1993 681 681 592 6605 7197 7879c¢
1994 402 4274 4676 4676
1995 82 82 1859 1292 3151 3233
1996 576 5764 2354 1678 4032 4608
1997 3 3 3868 452 4320 4323
1998 3924 3924 3924
1999 517 517 4267 4267 4784
2000 5438 5438 5438e
2001 2628 445 3073 5034 5034 8107
2002 3561 3561 3910 3910 7471f
2003 4142 4142 5059 5059 9201
2004 3751 3751 5771 5771 9522
2005 4209 4209 5789 5789 9998
2006 6634 6634 5585 5585 12219
2007 6173 6173 5318 5318 11491
2008 5257 5257 5175 5175 10432
2009 6627 6627 5622 5622 12249
2010 6390 6390 6941 6941 13331
2011 6365 6365 6814 6814 13179
2012 6365 6365 7257 7257 13622
2013 6314 6314 7352 7352 13666
2014 7934 7934 7003 7003 14937
2015 7922 7922 7491 7491 15413
2016 7559 7559 6402 6402 13961
2017 8458 8458 7932 7932 16390
2018 8408 8408 7563 7563 15971
2019 9708 9708 8619 8619 183278
2020 9429 9429 8489 8489 17918¢
2021 10061 10061 9033 9033 19094sh
2022 9582 9582 9033 9033 18616i

a Other countries may include Faroe Islands, Poland, Russia, Estonia, Latvia, Japan, or Norway.

b Norwegian catch double reported.

¢ The Russian catch is reported as area unknown, but has previously been reported from Div. 0B

d Caught under a Canadian charter.

e STACFIS estimate

f Excluding 782 tons reported by error

g STATLANT 21A data are not available

h STACFIS estimate using 1.5 conversion factor for J-cut, tailed product; 1,129 t increase over reported catch.
' Logbook data
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Table 2. Greenland halibut catches (metric tons) by year and country for Subarea 1 from 1987 to 2019,
not including inshore areas. Based on STATLANT, with information from Greenland used to
exclude 1A-F inshore catch.

1AB 1CF SA1
TOT

Year GRL RUS FRO 1AB GRL RUS FRO EU NOR JPN TOT 1CD Total
1987 1646 855 2501 2501
1988 605 1576 2181 2181
1989 540 1300 1840 1840
1990 841 54 985 1880 1880
1991 933 123 611 673 2340 2340
1992 191 151 2432 2895 5669 5669
1993 186 5 128 46 2344 1161 3870 3870
1994 872 780 266 3119 820 5857 5857
1995 1399 296 527 2472 323 5017 5017
1996 1876 254 455 1785 4370 4370
1997 2312 127 446 1893 4778 4778
1998 117 117 2295 543 125 350 1338 4651 4768
1999 2529 552 116 330 1360 4887 48874
2000 96 96 2059 792 147 444b 1590 5032 5128
2001 340 85 150 575 2012 829 150 537b 1550 5078 5653
2002 1619 279 150 2048 2284 654 150 536 1734 5358 7406
2003 3558 259 117 4007 2059 1328 135 543 1423 5488 9495¢d
2004 3500 241 153 4035 2102 1214 150 665f 1364 5495 9530¢ce
2005 3363 549 125 4037 2380 1147 149 549  1456b 5681 9718e
2006 5530 565 128 6223 2430 1222 147 544 1379 5722 11945e
2007 5596 575 125 6296 1805 689 150 1516 1441 5601 11897¢
2008 5524 570 149 6243 1592 763 184 1517  1452b 5508 11751
2009 6094 517 124 6735 1457 1057 149 1511 1514 5688 12423
2010 5682 654 126 6462 2491 1214 152 1818 1581 7256 13718
2011 5722 648 102 6472 2493 865 1824 1720 6902 13374¢
2012 5810 546 103 6459 2660 1227 1784 1761 7432 13891
2013 5865 546 102 6513 3514 1223 2017 1496 8250 14763¢
2014 7333 550 102b 7985 4072 1224 1751 1464 8511 16496f
2015 7366 548 102 8016 3834 1215 1880 1503 8432 16448f
2016 7682 550 103  8335¢ 4367 1215 1885 1382 8849 17184f
2017 8003 549 103 8655 4968 1224 1929 1495 9616 18271f
2018 7953 550 104 8607 3079 1121 1878 1488 7566 16173
2019 8821 550 103 9474 3995 1119 1881 1526 8521 17995
2020 7107 550 105 7762 5932 1118 1883 1429 10362 18124f
2021 7791 550 104 8445 4902 893 1673 1429 8897 17342
2022 8052 442 100 8594 5577 693 1556 1449 9275 17869h

a Excluding 7603 t reported to STATLANT in error

b Catch reported to the Greenland Fisheries License Control Authority.

c Includes Spanish research fishery catch, 75 tin 2003 and 272 t in 2004.

d Excludes 1366 t reported for Div. 1A in error

e STATLANT 21A data for Div. ICD from Greenland includes double reporting.

f STATLANT unknown catches for Greenland were distributed based on information from Greenland authorities or
assumed to come from Div. 1A inshore.

g Norway STATLANT 21A reported catch in Div. 1A that was actually caught in 1D.
h GLKF catches
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Figure 12. Greenland halibut. Commercial samples in 2022.
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Figure 14. Length frequencies in commercial catches from trawlers in Div. 0A and 1AB.
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Figure 18. Age-length distribution (top) and frequency (bottom) for samples from commercial trawl and gillnet
vessels fishing in SA0 in 2019.
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Figure 21. Distribution of the GHL density (kg/km2) during the 1CD survey in 2022.
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Figure 22. Combined survey biomass index for Div. 0A-South+Div. 1CD for the 3 surveys series: R/V
Paamiut and Alfredo III gear (left panel), C/V Helga Maria and Alfredo Il gear (midle panel) and

R/V Tarajoq and Bacalao 476 gear (right panel).
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Figure 23. Length distribution of Greenland halibut (numbers weighted by stratum area) for the Div. 0A-
South+Div. 1CD for the 3 surveys series: R/V Paamiut and Alfredo IlI gear (left panel), C/V Helga
Maria and Alfredo III gear (midle panel) and R/V Tarajoq and Bacalao 476 gear (right panel).
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Figure 25. Greenland halibut biomass indices from the Greenland Fish and Shrimp Survey in 1A-F (50-600
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Figure 26. Abundance of age 1 Greenland halibut from the Greenland Fish and Shrimp Survey, for the entire
survey area, including inshore Disko Bay, Div. 1A (North of 70037.5’N) and several sets on the
adjacent shelf in 0A. The indices 1988- 2004 have been calibrated with conversion factor due to
the change of gear.
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Figure 28. Biomass index of Greenland halibut > 35 cm(numbers weighted by stratum area) for the Div.
1AF surveys. The indices 1988- 2004 have been calibrated with conversion factor due to the
change of gear.
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Appendix 1. NAFO codes used in the CPUE standardization.

Code for Trawl Gear

Bottom otter trawl (charters), 8, OTB

Bottom otter trawl (side or stern not specified), 10, OTB
Bottom otter trawl, 12, OTB-2

Otter twin trawl, 192, OTT

Code for Boat (Tonnage)

0 Not known

2 0-49.9
350-149.9

4 150-499.9
5500-999.9

6 1000-1999.9
7 2000 and over

e.g. BoatC1924 = vessel (BoatC), twin trawl (192), class (4)

Boat3414= Newfoundland region vessel (Boat3), gillnet (41), class (4)
Boat40413= Arctic region vessel (Boat 40), gillnet (41), class (3)
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Appendix 2. Standardized CPUE index for trawlers in SA 0+1

Call:
Im(formula = Icpue ~ Year + Month + Boat)

Residuals:
Min 1Q Median 3Q Max
-1.19437-0.17290 0.01111 0.17743 1.10557

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -0.901795 0.351038 -2.569 0.010404 *
Year1989 0.119963 0.196165 0.612 0.541037
Year1990 -0.424381 0.174609 -2.430 0.015326 *
Year1991 -0.351937 0.167204 -2.105 0.035657 *
Year1992 -0.583928 0.158465 -3.685 0.000246 ***
Year1993 -0.780740 0.165115 -4.728 2.73e-06 ***
Year1994 -0.783843 0.164940 -4.752 2.44e-06 ***
Year1995 -0.327910 0.172149 -1.905 0.057209.
Year1996 -0.401260 0.165791 -2.4200.015759 *
Year1997 -0.711488 0.163199 -4.360 1.50e-05 ***
Year1998 -0.555734 0.171290 -3.244 0.001232 **
Year1999 -0.526122 0.164373 -3.201 0.001432 **
Year2000 -0.440313 0.156526 -2.813 0.005043 **
Year2001 -0.443720 0.158584 -2.798 0.005281 **
Year2002 -0.484515 0.154237 -3.141 0.001751 **
Year2003 -0.463850 0.152586 -3.040 0.002453 **
Year2004 -0.301842 0.149697 -2.016 0.044140 *
Year2005 -0.297780 0.150867 -1.974 0.048792 *
Year2006 -0.163521 0.150507 -1.086 0.277641
Year2007 -0.386722 0.151101 -2.559 0.010692 *
Year2008 -0.258009 0.152690 -1.690 0.091514.
Year2009 -0.267205 0.153996 -1.735 0.083149.
Year2010 -0.214008 0.152205 -1.406 0.160145
Year2011 -0.073670 0.151728 -0.486 0.627442
Year2012 -0.139003 0.152235 -0.913 0.361510
Year2013 -0.154361 0.150057 -1.029 0.303979
Year2014 -0.025133 0.153806 -0.163 0.870245
Year2015 0.148477 0.153486 0.967 0.333691
Year2016 0.193838 0.154112 1.258 0.208888
Year2017 0.333870 0.153963 2.169 0.030451 *
Year2018 0.381015 0.154036 2.4740.013611*
Year2019 0.282048 0.153961 1.8320.067378.
Year2020 0.208005 0.151558 1.3720.170358
Year2021 0.163007 0.152365 1.070 0.285050
Year2022 -0.006287 0.153550 -0.041 0.967350
Month2 -0.203459 0.088001 -2.312 0.021062 *
Month3 -0.131595 0.131395 -1.002 0.316917
Month4  0.041299 0.096639 0.427 0.669254
Month5 0.220384 0.071223 3.094 0.002050 **
Month6 -0.258506 0.067024 -3.857 0.000125 ***
Month7 -0.286213 0.065168 -4.392 1.29e-05 ***
Month8 -0.154059 0.062615 -2.460 0.014116 *
Month9 -0.064483 0.061612 -1.047 0.295643
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Month10 -0.070246 0.061443 -1.143 0.253312
Month11l -0.079764 0.061679 -1.293 0.196359
Month12 0.079940 0.064564 1.2380.216067
BoatC107 1.543831 0.328933 4.693 3.22e-06 ***
BoatC1126 0.871220 0.389629 2.236 0.025660 *
BoatC124 0.760988 0.327830 2.3210.020554 *
BoatC125 0.370703 0.320223 1.158 0.247400
BoatC126 0.748364 0.316910 2.3610.018473 *
BoatC127 1.096325 0.316791 3.461 0.000571 ***
BoatC1926 1.193070 0.319085 3.739 0.000200 ***
BoatC1927 1.310119 0.316960 4.133 4.00e-05 ***
Signif. codes:

0 “**¥ 0,001 ** 0.01‘*' 0.05°."0.1°’ 1

Residual standard error: 0.3089 on 710 degrees of freedom

Multiple R-squared: 0.7142, Adjusted R-squared: 0.6928
F-statistic: 33.47 on 53 and 710 DF, p-value: <2.2e-16
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Appendix 3. Standardized CPUE index for gillnets in SA 0

Call:
Im(formula = Icpue ~ Year + Month + Boat)

Residuals:
Min 1Q Median 3Q Max
-1.37624 -0.11479 0.00772 0.14298 0.67326

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 1.379860 0.294705 4.682 5.04e-06 ***
Year2004 0.466697 0.139604 3.343 0.000978 ***
Year2005 0.660309 0.128951 5.121 6.78e-07 ***
Year2006 0.637708 0.121815 5.235 3.93e-07 ***
Year2007 0.472506 0.115892 4.077 6.43e-05 ***
Year2008 0.643940 0.119474 5.390 1.86e-07 ***
Year2009 0.793456 0.121619 6.524 4.86e-10 ***
Year2010 0.853206 0.121619 7.0152.97e-11 ***
Year2011 0.870761 0.121619 7.160 1.28e-11 ***
Year2012 0.843473 0.118164 7.138 1.45e-11 ***
Year2013 0.896243 0.121619 7.369 3.68e-12 ***
Year2014 0.981446 0.126119 7.782 3.01e-13 ***
Year2015 1.145891 0.121619 9.422 < 2e-16 ***
Year2016 1.230666 0.120077 10.249 < 2e-16 ***
Year2017 1.175194 0.118138 9.948 < 2e-16 ***
Year2018 1.238820 0.122913 10.079 < 2e-16 ***
Year2019 1.204761 0.119704 10.065 < 2e-16 ***
Year2020 1.308040 0.119770 10.921 < 2e-16 ***
Year2021 1.022786 0.118739 8.614 1.56e-15 ***
Year2022 1.066809 0.124013 8.602 1.68e-15 ***
Month5  0.007056 0.265376 0.027 0.978811
Month6 -0.377830 0.265021 -1.426 0.155424
Month7 -0.473596 0.264743 -1.789 0.075046.
Month8 -0.099807 0.264053 -0.378 0.705819
Month9 -0.058652 0.264390 -0.222 0.824651
Month10 -0.032619 0.265957 -0.123 0.902501
Month11l -0.152410 0.267185 -0.570 0.568986
Month12 -0.324854 0.368005 -0.883 0.378364
Boat3414 -0.166058 0.082196 -2.020 0.044601 *
Boat3415 0.334294 0.119860 2.789 0.005763 **
Boat40413 0.143295 0.109313 1.3110.191308
Boat40414 0.175659 0.083150 2.113 0.035799 *
Signif. codes:
0 ***0.001 ** 0.01* 0.05°0.1°"1

Residual standard error: 0.2505 on 214 degrees of freedom

Multiple R-squared: 0.7427, Adjusted R-squared: 0.7054
F-statistic: 19.92 on 31 and 214 DF, p-value: < 2.2e-16
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Appendix 4: DFO CSAS meeting documents
Terms of Reference

Review of candidate stock assessment frameworks for the Northwest Atlantic Fisheries Organization
Subarea 0+1 (Offshore) Greenland Halibut stock

Regional Peer Review - Ontario & Prairie Region

December 12-15, 2022
Winnipeg, MB and Virtual Meeting

Chairperson: Mary Thiess

Context

Fisheries and Oceans Canada (DFO) Science and the Greenland Institute of Natural Resources conduct multi-
species bottom trawl surveys in Northwest Atlantic Fisheries Organization (NAFO) Subareas 0 and 1 to
support assessment of the Subarea 0+1 (offshore) Greenland Halibut stock. The vessel and gear (RV Paamiut,
Alfredo trawl) used for the surveys during 1999-2017 was retired in 2018 without opportunity to conduct
paired trawling experiments with an interim or replacement vessel. An interim vessel and the Alfredo trawl
were used in 2019 and a new long-term vessel (RV Tarajoq) and new gear (Bacalao trawl) will be used in
2022 and beyond. Typically, the ability to assess time series data relies on an assumption that consistent
methods and effort are used over time to ensure inter-year comparability (i.e., any differences in gear or
sampling effort are known or can be estimated). Survey time series are typically standardized through
periods of change in data collection methods by conducting paired trawling experiments.

Given the absence of these experiments, DFO Fisheries Management has requested DFO Science to explore
analytical method(s) and/or frameworks for the Subarea 0+1 (offshore) stock assessment that could
incorporate data collected by multiple vessels and gears, including fishery-independent surveys and
commercial fishery data. This review aims to support the NAFO Scientific Council’s assessment of this stock
and industry led Marine Stewardship Council certification process.

Objectives
The main objectives of the Canadian Science Advisory Secretariat (CSAS) process is to identify potential
analytical methods and/or frameworks that could be used to improve the Subarea 0+1 (offshore)
Greenland Halibut stock assessment. Specifically, the review will include:
1.Identify factors contributing to differences in catchability of Greenland Halibut and other fish and
invertebrate species; and,
2.Examine analytical methods and/or frameworks that could allow integration and/or comparison of
data collected by different vessels and gear configurations.

Expected Publications
e Science Advisory Report
e Proceedings
e Research Documents

Expected Participation
e Fisheries and Oceans Canada (DFO) (Ecosystems and Oceans Science and Fisheries Management
sectors)
e Academia
o Industry
e Other invited experts
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Resulting Publications

DFO. 2023. Proceedings of the Regional Peer Review on the Review of Candidate Stock Assessment
Frameworks for the Northwest Atlantic Fisheries Organization Subarea 0+1 (Offshore) Greenland
Halibut Stock; December 12-15, 2022. DFO Can. Sci. Advis. Sec. Proceed. Ser. 2023/015.
Proceedings 2023/015

DFO. 2023. Review of candidate stock assessment frameworks for the Northwest Atlantic Fisheries
Organization Subarea 0+1 (Offshore) Greenland Halibut stock. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep.
2023/020.

Science Advisory Report 2023/020

Hedges, K.J., and Raffoul, D. 2023. Summary of factors that affect survey and fishing catchability and data
available regarding the NAFO Subarea 0+1 (offshore) Greenland Halibut (Reinhardtius
hippoglossoides) stock and fishery. DFO Can. Sci. Advis. Sec. Res. Doc. 2023/037.iv + 11 p.

Research Document 2023/037

Huynh, Q.C., and Carruthers, T. 2023. Development of Spatial Operating Models to Test Survey Design and
Calibrate a New Survey Index for Northwest Atlantic Fisheries Organization Subarea 0+1 (offshore)
Greenland Halibut (Reinhardtius hippoglossoides). DFO Can. Sci. Advis. Sec. Res. Doc. 2023/038. iv + 35
p.

Research Document 2023/038

Johnson, S.D.N, and Cox, S.P. 2023. A modeling framework for stock assessment and harvest strategy
evaluation for the NAFO 0+1 (offshore) Greenland Halibut (Reinhardtius hippoglossoides) fishery. DFO
Can. Sci. Advis. Sec. Res. Doc. 2023/039. iv + 88 p.
Research Document 2023/039
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SUBMISSION TO THE
NUNAVUT WILDLIFE MANAGEMENT BOARD
AND NUNAVIK MARINE REGION WILDLIFE BOARD

FOR
Information: X Decision: Recommendation:

Issue: Development of Harvest Decision Rules as part of the Precautionary Approach
Frameworks for Northern (Pandalus borealis) and Striped (P. montagui) Shrimp in the
Western and Eastern Assessment Zones

Map:
Blue areas — Eastern Assessment Zone (EAZ)
Green areas — Western Assessment Zone (WAZ)
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Background

The purpose of this information note is to provide an update on Fisheries and Oceans Canada’s
(DFO) work to develop and implement a Precautionary Approach (PA) Framework that will
guide fisheries management decisions for P. montagui and P. borealis in the Western
Assessment Zone (WAZ), and update the existing PA Framework for these species in the
Eastern Assessment Zone (EAZ). The primary components of the generalized framework are;
reference points to define stock status zones (Healthy, Cautious and Critical) and harvest
decision rules (HDRs). A map of Shrimp Fishing Areas (SFAs) is at Appendix 1.

As provided in previous briefings to the Boards, new Limit Reference Points (LRP) for P.
montagui and P. borealis in the WAZ and updates to the previous LRPs for stocks in the EAZ
were established by DFO Science through a Canadian Science Advisory Secretariat (CSAS)
peer review process in the spring of 2020. Through this same process, DFO Science proposed
Upper Stock Reference (USR) points for these stocks.

In Fall 2020, DFO Resource Management established the Northern Precautionary Approach
Working Group (NPAWG), the objectives of which were to develop and recommend the
outstanding components of the WAZ and EAZ PA Frameworks, namely, USRs and HDRs.
Members of the NPAWG include DFO Science and Resource Management sectors, provincial
governments, indigenous groups, industry representatives as well as Board staff.

In June 2021, DFO brought forward NPAWG recommendations to seek decisions and
recommendations from the NMRWB and NWMB on USRs for EAZ and WAZ stocks. DFQO’s
request was rejected with the condition that the Boards would not would not establish or
recommend USRs until the PA Framework could be presented as a full and comprehensive
amendment to the Integrated Fisheries Management Plan (IFMP). USRs recommended by
DFO Science have been used to help inform management decisions since 2020, though have
not been formally established.

Work to develop HDRs is ongoing. HDRs will provide direction on harvest rates and other
management procedures for each stock status zone. More recently, this work has proceeded
through an industry-led working group that was established following a recommendation at the
Northern Shrimp Advisory Committee (NSAC) meeting in February 2023. This working group
was struck to, among other things, advance the development of candidate HDRs that may have
applicability for all shrimp stocks (e.g. EAZ, WAZ, SFAs 4, 5, and 6). Participants in the
working group include DFO Science and Resource Management sectors, the provincial
government of Newfoundland and Labrador, Nunatukavut Community Council, and fishing
industry representatives (inshore and offshore). It is understood that this working group is not
fully representative of the NSAC and is not considered to replace NPAWG.

Progress to Date

The industry-led working group has held a series of meetings since March 2023 to explore and
collaborate on HDR approaches for shrimp stocks. The working group has discussed the
implementation of HDRs that maximize economic benefits from the resource in an



ecologically sustainable manner, ensuring the approach is consistent with the guidelines of the
PA.

In the context of this working group, DFO Resource Management has developed and tabled a
draft HDR approach termed ‘Base Total Allowable Catch (TAC)’ for intended application in
the EAZ and WAZ. Key features of this HDR approach include the establishment of a set
(Base) TAC level for each stock based on the geometric mean of the Fishable Biomass (FB)
from a recent time series. The approach considers the most recent stock status in the Healthy,
Cautious and Critical Zones and potential exploitation rate (ER) of the Base TAC to inform
adjustments to the TAC in a given year. The Base TAC approach was derived from advice
received in previous discussions with the NPAWG in 2020 and 2021. The Base TAC approach
continues to evolve in conjunction with feedback provided by members of the industry-led
working group.

Industry stakeholders (Canadian Association of Prawn Producers, Northern Coalition and,
Nunavut Fisheries Association) have also tabled a HDR approach first presented to DFO in
March 2022. The HDR approach termed ‘50% or Finish’ is applicable for shrimp stocks in the
EAZ as well as in SFAs 4 and 5. Its applicability in the WAZ is also being considered. Key
features of this HDR approach are to limit the increases or decrease of the annual TAC change
to 50 per cent of what could otherwise be pursued by applying set ERs to the most recent
estimate of FB. The balance of the TAC change would be applied in the second year, unless the
TAC change would amount to greater than 50 per cent (in which case 50 per cent of this new
difference would be pursued).

The industry-led group continues to consider the effectiveness of the two candidate HDR
approaches in meeting PA objectives.

Next Steps

The industry-led working group has two additional meetings scheduled over the coming
months with the aim of concluding its discussions on the candidate HDR approaches by Fall
2023. To ensure full representation of NSAC in the development of HDRs, discussion will
transition to the NPAWG thereafter.

Development of HDRs will also include discussion of season bridging protocols for Nunavut,
Nunavik, and Offshore allocations in the WAZ and EAZ.

Pending NPAWG support for one or both of the candidate HDR approaches with associated
USRs, DFO will present these at a special session of NSAC in Winter 2023. NSAC support for
a candidate HDR is required prior to DFO’s seeking decisions and recommendations from the
NWMB and NMRWB to establish the HDRs and USRs for EAZ and WAZ stocks (anticipated
in Spring 2024 - March Board meetings). If approved by the Boards, HDRs could first be
applied in TAC decisions and recommendations for the 2024-25 fishing season.

DFO acknowledges outstanding work on the development of a biomass projection model and
possible changes to the LRPs for Northern shrimp in SFAs 4-6 (with potential applicability for

3



northern stocks). This work is tentatively scheduled for completion and CSAS review in Fall
2024 and will not be available ahead of the 2024-25 management decision cycle. However, the
development and implementation of HDRs are not contingent upon the completion of this
work.

Should the full suite of PA components for stocks in the EAZ and WAZ, including the HDRs,
not be finalized in time for use in 2024-25 TAC decisions, established LRPs will provide
guidance for sustainable harvest decisions.

Prepared by: Fisheries Resource Management, Fisheries and Oceans Canada

Date: July 21, 2023
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SUBMISSION TO THE
NUNAVUT WILDLIFE MANAGEMENT BOARD
AUGUST 2023

FOR
Information: X Decision:

Issue: Information regarding plans for consultation and decision-making regarding
the possible addition of the Harbour Porpoise (Northwest Atlantic population) to the
List of Wildlife Species at Risk on the Species at Risk Act (SARA).

Background:

As per 3.5 of the Harmonized Listing Process, the Department of Fisheries &
Oceans (DFO) is informing the Nunavut Wildlife Management Board (NWMB) of the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC)
assessment results and a DFO intent to consult on the Harbour Porpoise
(Northwest Atlantic population).

The Harbour Porpoise

The Harbour Porpoise is widely distributed in eastern Canadian marine waters.
Surveys in 2016 indicated about 350,000 porpoises. Incidental catch (bycatch) in
fishing gear, especially gillnets, was a major source of mortality, and considerably
reduced some populations in eastern Canada and elsewhere. While gillnet fishing
has likely declined over the last 25 years, mortality levels in Canada are unknown
because there is virtually no monitoring. The species is very sensitive to ocean
noise and noise levels are increasing in some areas. Although the population
remains abundant, the species’ particular susceptibility to bycatch in fishing gear
represents a potentially severe threat. The species may become Threatened if these
threats are not effectively mitigated or managed.

COSEWIC assessed the Harbour Porpoise as Threatened in April 1990 and April
1991. The status was re-examined and designated Special Concern in May 2003,
April 2006, and May 2022.

Figure 1: Harbour Porpoise



Distribution

Canada has two separate populations (designatable units) of Harbour Porpoise:
Northeast Pacific and Northwest Atlantic. On the east coast, Harbour Porpoises occur
from the Bay of Fundy north to Niagonaujang (Cape Aston) on northern Baffin Island,
at approximately 70°N. The southern range of the species in the western Atlantic
extends to North Carolina. Individual porpoises equipped with satellite-linked radio
transmitters have been found to move frequently between Canadian and U.S. waters.
Three subpopulations in eastern Canada are provisionally recognized: Newfoundland—
Labrador, Gulf of St. Lawrence, and Bay of Fundy—Gulf of Maine. Figure 2 shows the
distribution of Harbour Porpoise in eastern North America.

Requirements for Consultation and Approval

Article 5.2.34 (f) of the Nunavut Land Claims Agreement states that the NWMB shall,
at its discretion, approve the designation of rare, threatened or endangered species.
As well, Section 27 (2) (c) of the SARA requires that before making a
recommendation as to whether or not to add a species at risk to Schedule 1, the
Minister must consult the Board for species found in an area in respect of which the
Board is authorized by a land claims agreement to perform its functions.

Consultation and Approval

DFO is planning to consult with Hunters and Trappers Organizations in Nunavut
adjacent to the distribution of the Harbour Porpoise to ensure that any listing
decision is made in full consideration of their views. DFO may be holding workshops
in the fall on the potential listing of multiple species, including Harbour Porpoise.
Comments received will be used by the Minister to decide whether to recommend
legal listing of the Harbour Porpoise. A consultation summary will be provided to the
NWMB when consultations are complete.

Approval

After public consultations are completed, a summary of consultations will be
provided to the Board. The Minister of Environment and Climate Change Canada
(with support from DFO) will seek a 5.2.34(f) decision from the Board with regard to
the listing.

Prepared by:
Christine Lacho, Species at Risk Biologist, DFO, Ontario & Prairie Region,
supporting the Arctic Region, Winnipeg

Date:
June 19, 2023
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Figure 2. Distribution of Harbour Porpoise in Eastern North America. Reprinted
from COSEWIC (2022).



SUBMISSION TO THE
NUNAVUT WILDLIFE MANAGEMENT BOARD
Auqgust 2023

EOR

Information: X Recommendation: Decision:
Issue: Update on New Walrus Sport Hunt Licencing Process
Background:

On behalf of the Nunavut Walrus Working Group (NWWG), Fisheries and Oceans
Canada (DFO) is providing information on an updated Walrus Sport Hunt Licencing
Process (the Process) that will replace the Interim Nunavut Wildlife Management Board
(NWMB) Policy for Walrus Sport Hunts.

Following the NWMB’s decision to discontinue their Interim Walrus Sport Hunt Policy
after the 2023 season, the NWWG has been meeting and co-developing an updated
process to ensure the sustainable management and efficient licencing of walrus sport
hunts in Nunavut with Inuit outfitters. Walrus will continue to be sustainability harvested
by Inuit and sport hunters while providing economic benefits to Nunavut communities.

The NWWG has drafted and is working on finalizing the Process, which currently
includes five steps as follows:

1. Call for Applications: The call for applications will be issued by Regional Wildlife
Organizations (RWOs) with the timing associated with each RWQO’s Annual General
Meeting (AGM). This is a familiar process for Hunters and Trappers Organizations
(HTO) and outfitters as it is currently used for the bowhead hunt call for applications.
Applications will be submitted to HTOs.

2. HTO Review and Support of Applications: Each HTO board will review
applications and, if it is complete and they approve, they will send the application
and a letter of support from the HTO to their RWO.

3. RWO Review and Approval of Applications: The RWOs will review the
applications sent by HTOs and ensure all required information has been submitted.
In their review of applications, the RWOs may consider conservation concerns,
RWO by-laws related to walrus hunting, the apparent capacity and experience of the
outfitter to successfully carry out the sport hunt as planned, consistency of the
proposed sport hunt with the principles and objectives of the Nunavut Agreement,
and any other information the RWO finds pertinent to the evaluation of the

Page 1 of 3



application. The RWO will then send a letter of approval or rejection for each
application to DFO with copies to the HTO and outfitter.

4. DFO Review: DFO will review the RWO and HTO letters and any applicable
information contained in the sport hunt applications to ensure compliance with all
Acts and Regulations under their purview. DFO will notify applicants, HTOs, and
RWOs via email if their application has been approved.

5. Issuance of the Marine Mammal Fishing Licence: Upon receiving the completed
documents and licence fee, DFO Fisheries Management staff will issue a Marine
Mammal Fishing Licence for walrus pursuant to Section 4(1) of the Marine Mammal
Regulations.

The NWWG acknowledges that capacity at the RWOs may be limited and has identified
that in the event an RWO cannot fulfil their duties as outlined above, DFO will fulfil these
duties.

In the NWMB'’s decision to discontinue the Interim Walrus Sport Hunt Policy, the NWMB
stated that the policy presented a prohibitive timeline to Inuit outfitters. The Process
proposes to alleviate this issue by having DFO’s Regional Director General (RDG)
approve walrus sport hunt applications instead of DFO’s Minister. The NWWG will work
together to update the Walrus Integrated Fisheries Management Plan to reflect this new
process for sport hunts.

Barring any significant issues or concerns raised by the NWMB at this Regular Meeting,
the NWWG will continue to work on and finalize the Process. At the same time, DFO
staff will prepare a memorandum for the Minister outlining the Process and request the
Minister delegate her authority to approve walrus sport hunts to the RDG. With these
concurrent processes underway, it is anticipated that the call for walrus sport hunt
applications will occur this fall in conjunction with the RWO’s AGMs as indicated in the
current draft Process.

Consultation:

The NWWG includes participation from:
- Nunavut Tunngavik Inc.;
- Qikigtaaluk Wildlife Board,;
- Kitikmeot Regional Wildlife Board;
- Kivallig Wildlife Board;
- Nunavut Wildlife Management Board; and
- Fisheries and Oceans Canada- Fisheries Management and Science (as
required).

The NWWG met most recently on July 11, 2023, and will meet again in September.

Page 2 of 3


http://laws-lois.justice.gc.ca/eng/regulations/SOR-93-56/index.html
http://laws-lois.justice.gc.ca/eng/regulations/SOR-93-56/index.html

Recommendation:

At the July 11 NWWG meeting, NWMB representatives identified that a NWMB decision
on the Process would not be required. DFO, on behalf of the NWWG, wanted to present
the Process at this time to afford the NWMB the opportunity to provide any feedback
prior to finalizing the Process.

Prepared by: Fisheries Management, Arctic Region — Fisheries & Oceans Canada

Date: July 24, 2023
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SUBMISSION TO THE NUNAVUT WILDLIFE MANAGEMENT BOARD
August 2023

FOR
Information: X Decision: Recommendation:

Issue: Proposed multi-species marine mammal fall survey in Ungava Bay and Hudson Strait

Project Leaders: Caroline Sauvé and Arnaud Mosnier (Fisheries and Oceans Canada, Quebec)
Emails: caroline.sauve@dfo-mpo.gc.ca; arnaud.mosnier@dfo-mpo.gc.ca

Funding sources: DFO Science, Marine Conservation Target project (Québec Region)

Project rationale: The Marine Conservation Target program within Fisheries and Oceans Canada (DFO)

gathers data on biodiversity and species distribution in Canadian waters, particularly to fill in gaps where
necessary. Knowledge of the occurrence and distribution of several marine mammal species in Hudson
Strait and Ungava Bay in autumn is very limited, especially in offshore waters where no Inuit observational
data is available.

In spring 2023, DFO Science (Québec Region) visited several Hudson Strait communities in Nunavik and
mammals were present in their area and suggested that DFO should consider surveying there. Feedback
from other communities across Nunavik indicated their interest in surveys conducted outside of the
summer period.

To fill this information gap, DFO Science (Québec Region) is considering a multi-species aerial survey
between late October and early December 2023 in Hudson Strait and Ungava Bay. This would be a
systematic line transect aerial survey involving two aircraft, to account for limited daylight hours. DFO has
offered to train two Inuit who would participate as marine mammal observers, one for each aircraft. The

data from this survey would be analyzed as soon as possible and the results (species distribution maps)

T T
- 0 78 7%

shared with the communities

Time period:  October 20 to December 1, 2023.

Location: This project would take place in the
Nunavik and Nunavut Marine Regions over Ungava Bay
and Hudson Strait (see map attached). The entire survey
will be conducted above the sea and long-distance
displacements above land may occasionally be
undertaken to shorten the travel distance. No low altitude

flights susceptible to disturb Inuit activities will be flown.
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Objectives:  To collect information on marine mammal distribution, abundance and diversity at the time
when many marine mammal species migrate. Our survey may help identify important migration areas for
different species.

Survey methods: The proposed survey involves two small aircraft (e.g., Cessna 337 or Partenavia P68C),
and an estimated total flight time of 82 hours (41 hours/plane), corresponding to 5 flying days in Ungava
Bay and 4 flying days in Hudson Strait. A systematic visual line transect design is proposed, with survey
lines flown at a target altitude of 800 to 1000 feet and a target airspeed of 100 knots. Survey observers
will record all marine mammal sightings on transects. No circling back is planned, i.e., when animals are
observed, the aircrafts will not deviate from their trajectory.

A training period will be offered at the beginning and during the survey. Local Inuit that wish to participate
as marine mammal observers will be invited to attend the training sessions before joining the survey
team. All marine mammal observations will be recorded, including large whales, beluga, narwhals, seals,
walruses, and dolphins.

Community consultation plan:

Katujigatigininga (RNUK), LNUKs from the Ungava Bay and Hudson Strait areas, the Nunavut Marine
Region Wildlife Board (NMRWB), the NWMB, the Kimmirut and Kinngait HTOs, and the Qikigtaaluk
Wildlife Board. The DFO Science (Québec region) team traveled through all Hudson Strait and Ungava Bay
communities between May and June 2023 to discuss marine mammal research with LNUKs, Uumajuit
wardens, and community members. Although this proposed survey project was not presented at that
time, many communities expressed an interest in having marine mammal surveys conducted in the
Hudson Strait area, and during periods outside of the usual stock evaluation surveys conducted by DFO..
A permit application will be submitted to the Nunavik Marine Region Planning Commission, as well as to
the Nunavut Impact Review Board.

Prepared by: Caroline Sauvé, Research Scientist, DFO Quebec Region — Fisheries & Oceans Canada
Patt Hall, Fisheries Management, DFO Arctic Region — Fisheries & Oceans Canada

Date: August 4, 2023

Page 2 of 2



Submission to the Nunavut Wildlife Management Board
Auqgust 2023

FOR

Information : X Decision:
Issue: Fisheries and Oceans Canada (DFO) Update — Southampton Island Area of Interest
Background:

DFO and the Kivallig Inuit Association (KIA) have partnered to advance the Southampton Island
Area of Interest for potential designation as a new Oceans Act Marine Protected Area (MPA).
The Southampton Island Area of Interest encompasses the nearshore ocean around
Southampton Island and Chesterfield Inlet in the Kivalliq Region of Nunavut. The final boundary
of a potential future Marine Protected Area will be based on assessments and consultation.

Updates:

- DFO and partners are planning to engage five communities in the Kivalliq region (Baker
Lake, Chesterfield Inlet, Coral Harbour, Naujaat and Rankin Inlet) on two community
tours to present and seek feedback on the Southampton Island Area of Interest (AOI)
MPA proposal. These are the five communities adjacent to or near the AOI. The first tour
will be in Fall 2023, and will help refine the draft MPA proposal based on consultations.
The second community tour is scheduled for Winter 2024, and will be to seek feedback
on a more finalized MPA proposal.

- DFO and partners have been working closely with the adjacent communities of
Chesterfield Inlet and Coral Harbour, and these tours will broaden engagement to
include Baker Lake, Naujaat and Rankin Inlet.

- The draft MPA proposal will be a document and presentation outlining the AOI's
proposed boundary, conservation objectives, key information from AOI assessments,
and proposed measures to mitigate potential negative impacts from activities on species
and habitats. The proposed measures may regulate, restrict, allow with conditions or
allow activities, while respecting the Nunavut Agreement. Proposed measures will be
based on the Southampton Island AOI Ecological Risk Assessment and AOI
assessments.

- All Inuit rights under the Nunavut Agreement, including harvesting rights, would be
respected in establishment and management of an MPA. The Nunavut Wildlife
Management Board’s (NWMB) powers, duties and functions would be respected.

- The first set of consultations (Fall 2023) will include an overview of all the assessment
reports completed to date (Inuit Qaujimajatuqgangit Workshop, Biophysical and
Ecological Overview, Socioeconomic Overview, Fisheries related info and analyses,
quantitative Resource Assessment of petroleum potential, and Marine Vessel Traffic
Review), conservation objectives, and a draft MPA proposal most likely with options.

- The second set of consultations (Winter 2024) will be to seek feedback on a refined
MPA proposal, based on what was heard during the first community tour. Following



these two tours, a summary report will be submitted to parties (DFO, KIA and the
Government of Nunavut) for recommendation to proceed with a regulatory process to
establish a Marine Protected Area. If MPA establishment is recommended, partners
would aim to designate an MPA by 2025. Obligations under the Nunavut Agreement will
apply, including establishment of an Inuit Impact and Benefit Agreement.

- Concurrently to the community consultations, partners will seek stakeholder feedback on
the draft MPA proposal. |dentified stakeholders include the shipping, mining and fishing
industries and cruise operators. To date, the above stakeholders have been engaged for
awareness of the AOI and process, but have not yet been provided the opportunity to
review the relevant AOl assessments or draft MPA proposal.

Request:

At this time, DFO is inviting the NWMB to provide any recommendations on the above approach
to consultations.

Prepared by: Andrew Tucker, Arctic Region — Fisheries and Oceans Canada, Marine Planning
and Conservation Program

Date: August 2, 2023
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