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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 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
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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

11



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.
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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

34



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.

40



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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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.
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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
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).

96



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

21



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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Figure A. Study area within the Davis Strait polar bear subpopulation and management unit. In the legend, ‘range of direct observations’ (dashed
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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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‘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
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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,

XXVi



aAa*/L¥®

a0 ® g RN>I® BP>CPIMC AP*<-<lo-bbN Do Ab¥AT-b® 5o <L ALLAD> MY >
Ao*>0°. 0a T AoAS bNNPLYC <L <P AL *CH<<—<IPL<5N* aoAC [th o<
CdbeCHILY > NJIC I<N*LooC <L o> LbABCHILo > NJIC. DPP<IHNE boAM N5 IC
BboAM o —AcD>< o M ANPT - @ oAS ALLAD>¥® IDNB®DPIS o oAS ML o¢

P> No<oo. 0aTE W< 5N a0 T a D oS PLP>IC 4HPCH> > D% HNC
CLA*a* AbAS bP>ALY DB <L b<5aC AaDAacno*dc DYB>LIN E,

Acn<® DELBH*ID® bN* A< 5o <L NNS>PAoME AoAS b>ALY DB o oA

o <db*CAL*C boA*any 0 baC**a-C ba & PIPS, <*a*D% <L 5 ABOAS,
0a 2T, AbVAcT<I*Dg* <> “No51¢ AlLc>noSo® <L bo®Dno.o¢ Davis Strait-I'c oa AS
B> M. AcnbNM*a*d< b>PNATSIS Acn<IU >*D%® AcnbNP<oNME ba CIe LeLbdS
(baClrc <<Ncnrbd <Lo P b p<c<NenrbdS), oa 2 L<lbd® (d<Ncn.rbde), <L
0o BLET<I*NEIS pa o< <*g®*I® L5 PP PPHCH T oa > (I A).

NNGACP>*DJ AoAC BP>rLYDDB o A'YND*Do® aa oA A® Iy 0 A'LnDYD>Yo,
LBA*c 1 ID*CP>BC*Do®, boA M N0, AP*<-cloboT®, <'Lo >N
LALAPEDEGS ACID> <N <AL bNSL<ONS A% Ao AyD>Yo® <L Ac D> >*Do< 2019-T€
35 ApAS <*a* DT QL PP, ACDID>BC® ol AbAS IA®ACC> > CLAC
oac*aPcP>*ID% bNL<ON® IA®ACCPNC - AY*ac P*D° o DPPB>L'YNo® -

P PTDA*a P> P>*D%, bN~ofc 15-Yc>*D (AP 7 ICBIB>DbNM <N IA®APCP>NC <L 8
2CE AcP>BCP>c >*D) A M PCLAS bNSL<5NE: AMLAS bNSLYeC Ac P> >*DC 1%3JN<©
a0%¢D>*NC QL5 ACPTE ACP>Yb >*D® 5o T* a 066G g N SLLHNADC*D®, bNSLNe
AA®APCP> <D o <Sa>CP > <o D5 p*b*NC> >*D® PLeb*N N>l o°
2N ®-19, DP<IhLoC 2021, P2 <UNE boA*Lo D>V Doy D> > Ac >bC>V oS
a5aASa< oS T<D>NPHC >CCMS, AcD>NY> > Cosl Do<b IS, Acn<sc
ABCD> D> 24 <UNS <L 11 <Sa A€ DPD>B® 5Nk <Ida**a-< 40 ba-C*Lo< 80

boC* 0. a0 B>ALo B Do AARACC> > PTPT>CAS L5 <*g*DTP>CAS

a* 0B CHLNC QL <*PD® 5P (AUN), Pren<InyD><oN' D (L AS), DR 5+¢C
0a<*’LL*D 0. BbP>rPYAT D™ N-HM ADAS BPBrALYDDBMC Do B>*D AbYc P>*Do €
a*o® DLy 0 a bAS [0S, A C> NN <L PPN, <L
<gdlM7* o oal BPCP><HN° <L AMEG7AM<OsJ. A b>rLon 7N AYD DTN
LBANGS, A*any>¥o< <L pac*D>Co®. AP®<-c<do-bbN* Do b>ry >N Ab¥c >*Do-C
AD> B> b MMy Lo >N 420 P CAC Ab<o© nac™oo, <L b>r7>*bD>CD>PLYoC
>IN 1940-*M 0 AP<I*PLYC (Cdod AaPc CdAD>L D <" A-[9).

XXVil



AoAS pa*Lc oo
Inuit regions Communities

0a>* @ AP oasiTbnlices
Nunavut Participating Nunavut communities

b
r\l::-n‘;vik o <PE AoAS pa*lo oa & Asde
5a S PP=C* AdP D> na*Lo APSH®
Nunatsiavut Other Inuit Nunangat communities
within the Davis Strait subpopulation
oa Db P C* ' oa e

. <APME pa 'l bacC
Polar bear subpopulations . Other Nunavut communities
SYeoPNB>< AL™M

Baffin Bay =1 A- AcCPa D™ oo™
PPRC 55 APGH === Studyarea

Davis Strait bod FE < <
- [777] oa®D° b A>Yo
;;:gasiﬁnbm - Range of direct observations

. c—sb Data sources: Inuit Tapiriit Kanatami, Inuit Nunangat Map
ba*a "L <dPD (https:;//wvawith.ca) Inut Heritage Trust, Place Names Pragram
East Greenland (ttp://ibti.ca) Incigenous and Northern Affairs Canada; Natural

2 Resources Canada Statistics Canada

o PABM®AAS5 A<] boatNe® AB¥%: A A" CART baCT, AoA ool oo N<®
(https://wwenitk ca) AoA” AYNDB Mo <<7RT, oo AN

Southern Hudson Bay Rt ece < hiupiitical Ascrabid: bac: marbCen'd-
baC; AN Dcnd: baC

Tasiujaq Kuujjuaq

oad\®
Nunavik

0 400 km

.; Prc Ad]S

Map by Tr ch 2022) K
PR vt (v 2022) : Kangigsujuaq

NN®PLY® A, BD>ANPCDILY® Clea PP*C5< IdP DAL 0a*LC APGA* o aoAS dg™MC <ADPILY® <> MA=D. asa A%PR®, 'AgD>c
CIODLEDY  (APD®ILLPS NIe<d®DS oo™ A-TY) ANND®D®  pal< MPD>NLoL  AP®<-c<obHBNDo®  b>RADILYoC  AcP>HC>Yoc
<N APCP> P>*D 0 BP>rNATTE.

XXVili



C'o @ AA™N™C2>C bPrLon 7D D7D P>*D%® Ao™* 0" Acn<1® Ab¥*Do°
<AAEARC>N=NC, <L ARNB®DC B>ANAGTS IS a bAS < a<IBP*CAcLo*M 0" AbAS
B>ALYDBM =gt C>DIUL>VNIC. b>ANATTE, @ bAS b oA AALPY> D>*D% A SADM <5
<ICP>I><0C, a050° <L > AP#<-<lo-bbNM D, B> >PCSC a A boA>c-* <
APLP< 5P BP<INAS, A5 Mg Me <L <fa s HAC 3NDHA S <L P,
AaTBeC*C*C boA*c ™ <'Lo al™UPPLBCi'a™c, onbC*C* < <L
on7\*PD>*CMC LoLa™ S, NMPeC boA*c™C <L AbA-D> a oA~ NPBN'INBCoa™€,
AcD><5N° DIHCoo™Pe <L < or<Lb*DE.

A oA BD>RALY DB o AcP*LC <MAAS (ALY ALLA DY PNE, <D CP>bC®*D¢,
ASCP>NIS, 0a 5T CBOULPNE, <o APP<cc<oba 1< bP>ryD>YC) <t D<T'YNo ™€
ABC>E*a P 5NE, Ap™ 0 B>AY>IC @ bAS AP*< <o oo <L

o <Ib*CAcLo*M>0% CALD>DSCI>E AcMy>< 5N b>ALany>Y¥ o A%y D>V <L
AP*<e<lo51¢ ALLAD>YE a 050F, <> AoAS CB>ILC @ oA M o <> N5 <L >
bLPY %I, bLPYD> 5 P>*2D< A'YNB®D< b>PLN NNt bidNtde <L 5 /2o N € a. A€
A0 B>ANAG TS, DA< Coos5 1, AL <I>NI AlL<IUo<1*D o°.

A'LnP>o*lc aoA€ 0a.2>'Tc Ab™>0°

<AN®APCPNC AL o GACP*D AbAS AP0 a0, AcCnyD>'N* 0o 'L
Ac®dPnYD>N oS, AL D>bB>Pb > CAALoTC Lra J-5 b oAD>BCio*Ma* a oA Mho°.
ao0*P>B>I> P>*D® NI o, brLo ™ot <o D™ a ‘o™ Lo o NND><Lo
CLA>g < A*AJAAD7<IDH* D™ <L bAIND> o, AbYe P>*D DBb®* D AbAC bPrL7 DB
A'LAPNTNNE o YN ADCON® Ay A<Ib™CA*a*o®, A*JINBC* =51 a oAS, cP*L
<A D*CP> o W0 Ao™ oS, <'Lo CLPULIM N N“CAc oo

a*0°CP>¥va * Do Pl b N No-<h® NS 1960-*M0-S, AbAS LBANS a*oJ*a b Cc >*DC
B dDA® DPD>< A 5<laS, Ac >N abAS BC=UNNE (LacHAS IN®CH*D) <L

PN Peg Do L5 a050C. A<M <*a*D< bo-C*LoC, <Sa“HA /N g Do
a0%/>bCc >*D bava*Loc Py g b'>c > AL*Lo< (Cumberland Peninsula). CA</La,
A 0AC TP DM 5 D D>H>C>BCe > bCUN, o <L Py S - NC><NY,
a 06GAS = pGD>HC> < ONE, G-<InyD><5NE <L P>NPYD>o<S 5N, a0 CH¥va *DC

P b NC>—LC <L Pa DY D>GADC™ Nt a 0G0 /<Y b N >

a* 0°CP>bCiaPc <¥o DM <AL PTRTE, a0 C>BCoa-C <IP<LUc >*D® bdNedr< <L >
CdyP>YEAC DPD>< As<loC A5 5 P> <I>Ybd-546-C, <IN 550U AdL<® oNe (LA IV<lo®
A*a S0 a 050 >R 5gC JUYVIY <L PLeb®NC>* 5N b<Pa® a* ol 0. Abdc >*DC
CLA*0C pa. &g Db > C=UNNT ANFCAS <AL YNNG Ta - HAS
a*0'CnY>bCP>& D",

D><50, a0 CP>BCc®I o P 0o]™ <L PP 0 a A AoAS o Pr7*c PYo

Pa DY D>PCDYC o D>ANN <M a bGAS AL 5 > P b Coo-5 1< a o*¢/>*Da. PP C
<L <*o®*IlC, @ bGAS P>APCD>BCHDC >R 5g-C I pGD>HCP>< 5Nk, << y><oNe
<L PAPYD><ONE. PP<lor, <IMAS AbYe B>*DC Db D <IPe o Pa DYAS QM 5<IP™a* D¢

a 060 CAL*a 1 a oD H<IbCP™>a™ oN".

XXiX



Q@ o®¢D>*NC PPC <L <*a D€ >b B>*DC CHPC o SN (L) <L NALHAS (A>n)
ADE NS @ 0' 5N @06 ME IPIE I b CLC oD>ACC>o<5NE (A5, DPT*HAS,

BT HHNAS <L > I ®HAC @ 0GAS). Clo DP>< A<loB>Nend, < MI<ILAS <IN HAS @ bAC
CAPDT 5% a0 CP>¥*a So*¢>bCc >*D e o*!>*Noc oa I br7G*.C oc<n*D® oN°
<L aN®PB>*N<5MC CLA0C ba ™S, ao®/D> 5<IbC*IC qUNE, AN <Sa AS

a o%*/>bCP><b_5* HNE, LSbANS a*0*b*LC At CBb>NNPHC* I L5 <IP<P* g Da*
B>APIGYDC. @ 0GA <L o PME pac™ 1 DNPYB>BC™D<, ALMC PLECD>bC*DC

a* o' QNI A bAC TP DaB>*bB>CP>bC* D¢ pac*>oc <L aoS*L NOLLANCP><a,
CN*CP>< 0 <L <o®Y*CP>< o —<Saoo5<%— o >A<TND>o<h* N5
<DD*CPo<h®N<5J 5. @06 Acn<dn <o Ava<IDN<I®DS IC>/B> 1D Jc
a*on<ny>beC®oNe,

AbYc P> CLA0 ¢ nac*ag® DB P>*D A'lLnP o™l a* 0B Co™ VSo*\ ¢
<PrCCAco< oI AbA® AN <CH . a oD o™ BB P>*ID® na ™ AbYAcb*D®
b oA N1 bNNN*LE Ab™0® pa l® <L A®IDbn 7> 0",

a0°0° AP*<-cdo-bbNr o™ <L d*<b*CAcLa> <

ABCD> > b>rLony Mo Dodc >*D a bA° AP*<<a-bbN > o< <L

o <qBPCAcLa*Mc®, B>AYDPLIC <L > AALPY>YE D>d oL a oA MNP <L
<YNDAC < DOAC DPDA 0 Ao HC*CHMC <'Lo al™ LD Co o™ on b C*C < Lo
oY\ D> BCHCHME LoLo*S; NMeC boA*a*< <AL 9o <db*CAcLo S, <~o-<5g-C
<L DIDC ™S AbA-D> a oA~ NPBN'YNBCio ™S, <L P>a i C.

LT <L o> YDA <Toa DA PP <>

CLA®GC PP C <L <*a* DTS, AA®A*CI>V_5*CE (35) Db >*DC pa *MC boC*Lo<

A AJ*PLo*Mo® a bAS. PTPTE, bNLYo® IA®ACCD>YoC Db > a pAS AV~ *PL*D<
<M A€ ACDPJ® oP€ 73%-5<o™® (M ANPSS: 70-75, n=3°%) CAL**Lo< 1970-**0< <'L> 14%-0
(QArANPNS: 2-25, n=3) CAL*Lo< 2005-T< Aay*=g-< Cdy>va-C (<N B). b>AVJC

boAD>P << g B>AYD>VE NNGDD>ILIC IATACC>Va-S CIN>NNET SIS /Ay -[ €
A SN>*DC a oA PP baCMo© <L “b>ALea *DY* D -3 D% A= JSo->MC
o€ <L P 5Yo e KWL o PN o pal © <ID*CH o AcPBCPNC <L/ 5+ ¢

D>< 530 V< PN oal © al*UP>rPLa™*MC a oA AcPDBCPHNC AoaPYo® CdarL*C**oc.

CLT 5 C®bYy® ASCD>c >*D <*g-* I <L PP D> >*D CdbCiaeh>c* D
<AN*Co?®, a0, <Lo/PBRE*GC La DA ANPCH®oNt. Ac7D>< o, AbYc P>*D€
CLA*0 ¢ vac™o Db PO WL Y* Do AN*CcPbCoPvo® <L <*a*DaT*
L5/ 5%¢C BC=INNS <ML, DD, PP INFCAS <L 5 DPD> < <IC>P™

5 C'Ra @ Aa *PLY® D>o<blc a N>N><5NE & A>NS/NN®HAS AYDEE bNSLIC IA®ASCD>YaC CALD>S,

a5 A®LIC B> bNSL<L5N® IA®ACCD>YoC 'n’ ac™ o a \N>N/NNFHAS AYD>c D>So-M= o°

AcD>BC>I AcnN=ore, Chko B>o<bl, n=3 A7¥NB*D® A*LAAS bNSLYE AA®ASCD>YC PP bN~ HMe

8 LbANE AcP>BC>VoC,

6 CAbo- AcCPa Do, INCE AbHC* D (M oM abAS <INPCAS A b3 CPd o) <L INtCE

DLAa *D¢ (Mo a oA <INFCAS DL SGJM P2 *<* o) ac D>CHC>ILIC D% 5Ne ‘<INeC-
XXX



<Fa 5% a1 CAL*a APYA*a *D° CAL*Lo< 1990-"=g-< >MC oS, LP>a* IN*C&<
DPD>TC/<ISa 55 1° L5 L5 P> b /<Sa =55 1< Cdy>LIc_J<5NE (83% [<IMANPS: 74-99, n=3]
<> 75% [<FANPNS: 45-95, n=3)7. Do?c >*D CLA*0C pa &voC Db > JSa“HAS a bAS
ICP>PTE LP>a 526" IN®CbHC*DS, <L > A*Ldo® bdN*d<. Db >V, Ab/ Lo
CdBCHLY M S balc, <aHAC LYo IN®CH*DC CdyD>LYe U >+,

100%
q
3 80%
o 55
A P
i 8 60% . oa.*JdC ada AP YNC
A :
A bNSL < 1
:’33 40% ,é’
ha o’ bNSLYE 2
. C
i 20% & bNSLv¥c3
= g/ - - PN LI
0% Lo -zt

1940 1950 1960 1970 1980 1990 2000 2010 2019

NN*PLY® B. <Ao< a. oA CdyP>PLYC Clo Ad oMo~ 1945 <'L_> 2019-T PP D>obb®D<

AN ACC>NG® CALAC >, CLa DB>I> DD o Ao Mg PTR*</T. DPY <PNS
N#PHCD>YE L DN AT AN 050 AMLAc®b o <AD* LYo a *o<ldSo-< PP (n=3; bNcDre
NSLD>N®DC ASBCP><5N€).

ADBCP> P>*DC /ClLlo € bP>r"{ND*DC MY <o 0 a oA (1) a0°0°

NP>NLY* N> D pa c<I®PLN=0S, A<D bC=UNFS IN*CAS bNSLYE <L

A*aPo ™D aoAS; (2) DI*c Cd7B>ULI*o*ND>c*DC oa I**LD>ILN-OMS;

(3) bAa ST N> D™ AbA~> a oA~ NPBN'INc* M Lo/ 546 an 0 NPCH7<IK™
APL 5%a So N> D D<M CA<ALa TP oS (4) <L pa c<I*PLbCooc

QAT HND>HC* D A5/ 540 LBANS D D<In b b CP*&* D a o%*¢P>Sa-<15 5N,
Abvc D>*D Db DT <L Uso Dot CdyP>NC a oA oM o¢ <*D<lo-bPa Sa-*L o°
>do™L: Pl o™ Lo bV a o’ CPYN I Lo <UN-O0* AYnIB o™ a oAS on7°8\* ¢
LoLo*M=0S; Cnl>< ¢d<d boA*c*M oS <L > IW<LUSo*L oS P >C. PTPTE, Lral® b>pyD>rLYC
(I D>PD>C A <o D>YN>Y®) a b AS "I NP [Pg-*K >y —* D" >be >, Abve >*DC

<QGI-A <o a*C*eC <Ao< (<1FH‘o-"“f‘C <ANPCAS-<EJT ICD>P <abd<®) <'Lo ‘QGIT AbBYAGC
M eC d*'a ™ (D oo ™c <SGIT ABNE ACD>P <@ dd®) b>AN*CP>C CAbo“CA=a® daD>*d-.
7 @0 < D% pa o, Ba DNPCHILILY® A NNGHCH>ILD%* CAL_ bNLA g <IA® D>+ DC
<*g*O; CAL*aP>Ls<I*N5d, DB>ALa D IPP*DE <IMAo>NC <GIM AbBYAGS CdyD>PLIC <IdoD>~T
KPP+ Do AA®ACCP>Vo €.

XXX



< D<o bP*N N Cc P> IL 5 b>AY gt CLD> NPo-*M 6 TPo-*ZAC o pAS
<P 5N PTPLI®DC, AP DI CAL*a ASD%a 5oL AALPYDY A <b* D%,

<M A ABCD> D> Db >*D IMda*hAS a bAS CdyD>bC*D <M <PD%/PLIC
AP0 pal N-HMC <L pac™oC. D<oM>*D%, a IDAa */N=M< PTPT>CAS <L
<*g*DTD>CAS B>MA*an<Ibe® D <L <Sa*?L5N® NPC>YA<PhN® oa So°.

Acl5 < 5 a /L6 Cioc

ADBC> >*DC Dol >*D a ba Ar*YLYo® CdyD>rPLYo® a oA a I L*<-<’Lo* o ¢
AcD>No € CI ALY >0 C. PTPTE, bNLYo® IA®PACC>NE Db >*DC a I**LD>BCo*M< a oA”
QRLRL D CAL™ Lo 1960-*Mo* <MAa-*8AC a0 0° (70-80% ba-C*L.o% bN"NF)
0a*<?* Lo C A*b'cC AL*Lo < (Meta Incognita Peninsula) (v<®* \><T< (York Sound) A>n.¥
b o™ 1 (Barrier Inlet) <'Lo L*H<'L <A (Markham Bay). CAL*a 1<, PTP< b C*Lo
a0V g DV M PP <-<IPLY® - 1960-*>a€ 2019-1° - <[ U< **0° a A"
<Y B MED® @ bAC @ 1> BCo> e o<, <*a*D< baC*La<, IC>I><5NC
<A*AAT T B P> a oA NPBNBC*CH < DY R-<IPLVC - <1H<1°“‘J°°‘P°”L“"\_>J -
PPN <L d“N*o*K*L o< bt>c > N>+ (Cumberland Sound), oa.c* 1< Sbo=a*\>V_I<,
CAL**ULa€ 1990 ba-C*LaC. Sb>AYD>VaC ATGANE 'A¥®'-[€ <MAg*N>*DC o oA <*g*D<
boC*o < <L_> b>ALa *Dy*DI%®- 3P D% A <o W <Jo<So> o

a I**LP>bcCia*c AcP>BCPYC bPpALY >0 Ao D €.

<A< AbYc P> CLA*0 ¢ pbac™c < D>BP>rbc >TNC b>rPLYC I AP <o ™" aanAC
CAbg boC* o5 pac*“C Ar<® oo 2000-*Mc . ana A®/c >*I° A'C>Y*a * Do
A% <M ®hAC @ bAS CdyD>DCio*N>L*LC bac>aC baC* o35S (1) A **JSa N>
@ oA ('L A<®II = I A In<<®2< A*ar<a ™MD bP>rYLo b oIbC* D <L
AcNe-c<dh®NS N4> (2) a0AS Po® a AL CSa*M* ¢ bac*a< <L
<Cdo < <L/ 5> LDACHP>*Do* o VNhoa® a AL<5N® oa € boC* g DaS;

(3) 'L P *Lo® Cl>< Pb L ansa® oal L *\>*NN<Ho <L Yo pa&C

b C* g . boADDA*a A" a oA° Cdy>bC*N-oN< baoC*Lo >R 56 pac™oS,

A AT*NAC B>AL b D A*a P<Ig*CDBCH I - A% S *N>HC® 5N > Aa>YaD>*Uo € -
Aécgtd=0 aalP¥c IN®*CH* N Cd7BLIYa*N>HC* D pa & boC* o C.

ABCD> >*DC <Vg* DT QL5 PRI D> > a o0 Cdv™a D Cnl>< ¢d*LaS, AL
<L palS, DP>< A<IGCDC A5 5 DPD>PIC <ID>Yde 526C Lt b <L oy P> beCoC e
LoLa®rc. A< B>b*D Cnl>TC PdoS, I A on7*\*/D>*DC Ao™o°

A SANECDob 5> oNF, <> CALD> o CLT® Q%N HAS <L <Sa A apAS <L
<LRALPAPED Gt DP>ES (A<M A*aP<lo D L5 A*aP*’Le®D) boAcD oM o°
'ACCP>R™ @ oA A bC*CM < I NNY*Ya*D b oA N o*Lo® a oA Abvc P>*D€
D>bc B>*D PP Ac™UJ® a 0A® a I UBBC o™ A'NCP>LH5I*D CnP>=< /dHbCoo™ Lo <L

aNE LoLo*r=o°.

ADBCPc D>*DC D>b*N-HMC AL o™l an°0° CnDTC PdAS, M€ Db DD V<1**JSo™L

CnbD< PdbBa>l <L SboA*a*L B>y D>PL®DC b<?<ISN—*DC BPB>ULN o€, IP<I*J* D¢

CdYD>PLYTC AcD>NC: Ag® > D% CA>< ¢d*L, <> a®ChD>SaPh>*D% <P<q*Sa>L
XXXl



D>AMPNPeLC Pas (borsa ™\ > ®D%), <L Pd I N*hea®>HCa™L <L

¢da b o ®N>BCoL. Pr<o, BP<INAT ABC> >*D CLA0S bac>a® Db B>*D Cb><
Pd*L LYoo LFI*Po b D™ a 0.0 ~A>I*IME a A Cnb>< /d™La* IDBCHDC

@ SNHD>® 5N @ 5% <WRANGAD® AgD>E <> CAbTE PIAS <Y o™ oc,

P ® <%, ABC>C D asa Ac>*D BAYDo a0AS PNBRM = BB <o
AR T AcTy S A ABDC>C B> AsP =0 oo™ b>rBHECHILIC

@ 0AT PN =0S <L DAL @ 050° PNBGDYo borCrlaS < o D< <L PTR<<IC>™
AbRC>#D% <*g I P BPD% QL5 ALELNES PNAEC Ao <B>*<ec<lo™ o
oS,

TP <L s ont Y LoalLa™c

Ab¥c D>*DE < * DT QL5 PP C D> > o b CH*C* o* aoAS >b® N> aoAS
o7 S DCHCHE a N <AL a NS, PY<IoCCD>* I o0 . “No-C o b C <
(AcP><0oNE DYAS, BAPES, bl <o AIEMC), a0 CL A o 7N /D*CD> H<|bC™ D,
D>b®DC bNL< 5N IA®ASCI>NE PP, a SN 75%-UNC (<IN ANPYS: 64-90, n=3) CLA® 6L ¥*d<
@ 0AC B CHC* 0. @ 0AS b CTy < BB >TVE >d<: JAAS; TNE <L N<C
Loo*"S; Pa5LAS (AN Pa5LAS, DULeC <L <A ba cPL¥C); A HAS (A5 AS<C);
P, <L APPDIAC <L <PBS*ULAC. oY N2 YD>2CP>NC bdNedc D>b>PNC AcMyD><oNe
a0 0 TPrYP>No< Ac Py IV Mo an’cS Ao*ag Ao*o° <FCd*C>io® <tL> Ao™o€
Na7DNa®; Dt Do®; P oS <'Lo Nnlo<loc. AcP>BCPYC Db BTV a A o bC*C™ e
<LAAPBECHDE P> A s<loC Lctol€ LoLlo™Mc aon*\ o AY¥a *C*<, <L BPP><
Ao © <D*CPVot <o bYINAC ADBCH P>*DC CLA*0C nac™a b>rN“Nc >*DC
a0AC<KAD*a “NKLC <'Lo AADBODO<IPN® o 7N o Avva ™ oN®, IMAC Db >*DC

a oA /I ACP*a.“N<K®*I ono<*C[ *g® PP<o N**"DCP>** pal <L ALTEC.
ABCP>P>*D CLA*0C pac>cC B>bcP>*D a 0AS b C*I A o™ o <ICI*C>Ia*

< g AoA* o NaVD>rPLYc® Clra qb[>P'7[>“bCCc—i\“\_'>cr. B/<NVAC AbVc P>*DIC ™™
B>pPL<OoNE B 5*gC DALY a 6bN* M0 o b C*Da® - PY<o CdyP>Y CLA> 6LV
CdyBUL¥ ot A< Db >*DC D<o D™D M AaT®NAC @ A o b C* D NS¢
bN*A>b-C*Da < CA<La D> >*II>*LoC, CAL*aA*a® D>bD>/D>c D>*N-15d AclMy><Ho

@ DA A5 o W< 5N D® @ bAS b CHCHC (Ada<>4bI>pLy > [N¢©
bN*A >0 A oA N0 o HC*D).

ADBCP> >*DC >b > < YSaD>Vo® . S NPCH>o Tt <L > < o<Ib*CAcLo*N<C
boA*onb ot CLA*cC pac>cC, AcP>DC>V 5 CE o<>Nbc>*DC o NS < ANPo* o<
>bH*IC @ S N*CH>P*a Lo JUNAS >P>oD>* D%, >*DNN I, Abvc >+ >be >+
80%-JNC (M ANMYS: 80-80, n=2) <M A¥*&*PLIC o SN< PP< b C*LoC b>AYD>ILIC <Id o> =aC
1960 <'L_> 2019. C<da.o D><5%¢CS, AP Cdy>bC*IE I A <I*D< 60%-><lo® (M ANCRE;
43-75, n=2), b<’>NMa> D>UWAS ASgy<IPL>NeDC (<1 Q).

XXXiil



v

A  100% -— -8 100% a
q ‘\\ a /,
SR 80% o Sn_ a 80% 4
iy w3 L7

s> 60% ? o8 60% L g

Abuu o \\\ /” ¢

?‘f 40% o N4 40% b L 2y @

v‘D i N - ad 4

v C ¢ O ° ?

AA 20% w  20% .

U Q

= 1

£ 0% 0%

v 1940 1950 1960 1970 1980 1990 2000 2010 2019 1940 1950 1960 1970 1980 1990 2000 2010 2019

aAa*PL¥® a oA° ho°

& .- D ‘Lo acne©
) s o boAcD>*<-do o
v: 100% o — == — == — = a——-a8-——8——-8——8—~8a 100% .———.::::———o———o——-o——o—/—/
d @ 800/ o ' > ~ a A B i ;//
:lqz\/ (] 80A7 4 \\**/u’,/
&P 60% . A

60% ’
b U a° \A
F2 aou -of A’ s
N o 40% i, Y-8 4
2T SR I g e
NA 20% 20% P b
C C x
g -
£ o o | A =
v

1940 1950 1960 1970 1980 1990 2000 2010 2019 1940 1950 1960 1970 1980 1990 2000 2010 2019

pa.*JdC ada AP VNC<

A, B,C: o bNsLyc 1 bNL¥c 2  a bNLC 3 = = PNTT LN

D: _w aoAS -8~ N -0~ bAP* —o— Dyt

NN*PLY® C. b<Y>No*MC a.“NC (A), DAPES (B) <L DUWAS (C) CdyP>bC*DC Ado-*Mo-< 1940 <L >
2019 <'L> a A& ®PLY® a 6AS <L 5 a NS boAcD>*<-—<lo*M* o (D) b>ryD>PLIC PP <
ABCD>D>*D 6 bNL<oNE IA®ACC>N= M. DPY>LINNC IDPC>™a *DC o “NE M AN o PP
bo-C*LaC. DPP>LIVNC CIN>NE AYDNE IA®AAGSa< C<do**L A*Lra-C bNLYo® a 5o LbANoE PRI <
(3; bN= ol 8 ABCP>>*D). A N>N/NNTHAS AYD> D>*DC b</D>a* o bN*AAc-b*N- M <o
bNLYC ABC> >*DoC I PNBL>*DC b</D>a** o bo*Le DI a “N CdbCH/Ly* 0 CLA* 5"
oSNNS, <APL< 5N NP DPBPID® PN<G*LI® a\>N. a oA h oS boAD>*<-—<Ig< (D)-
€D APy CALPYOC asa Ay*PLbeo* D < B-TC.

Ab¥c D>*DE < * DT C QL5 PP C <r Do D>boCe >*IDC AU LS AALPYPC @ cNE
AN &So* e ¢ SdC DP>ULNAC Ao J* Do € oa *C boC* S, Ac><L5NE:
A<= 0% @ 0A (ASI®INE a N a S N<LB> A M 0-C a SN<Ib*N=MC);
A< 0° ba > LDADC*DS; o 5N <Aoo CAPSII*I (LD oy i Mot
D> 520 C IP<Lo<I*NC>YE I =0 o-nh*h />N oC); <IMAIn oMo DI<IN<C

XXXIV



AMPSGY*DE; PN oL 0% Ba o> oL oS Cnl>< AL <M A*Un<So->M= o
NNLo<E oY\ @D Lo IW<IY*PL5a*LC Lonb><. A Abdc B>*D I+ Do
CdrL=PeD @ fNE BoAa*=0°, IP*E B>BHFIE @ N he 5o *h>*D <L

LRI EDBHECT 5N PP =0 <IN (20) DP>C Lo+ Do-s, AcD>¥E M*JAPNILE< <L

LLSg*LE <daPo*P>bCc o *LoC. *dAPNILIg® bD>r7D> B>TY® D'Y*a < PP b C*Loc.

A NSaC A gSa*>¥ab b>ALLH<IPN=HME <L <P GA<HNE o N boA>* > oF,
ABC> P>*D Db P>*D a oA o o C* D <L <IN D*a D <IP<I*J*D o¢
a7\ LoLo ™ o M4 BB >*D AL SNB™PD @ bAS Aal on 7 =0 A’INDB*Do*
aNE LaLo* =0C. PP<lo, asa APC>>*I% o °NC - @ oA PPy I <N D>PD>_5*CC -
A g LA *<C, aoAS W<Io<IRP*a T @ “N*ChHTHND>YIC <P o>

a7\ *Cb>a\>Y o,

€ boAo 1 < > <To<IB*CAL oI boA*T* <

ADCD> >*D DPYBL NN Dor >*DC dao® P L C (e A% ¥No*) b>ANo-<I M
o <qb*CAL*C @ 0AS. @050 I o<Ib*CAcLo* 0% a5aA%'¥Na< ACD>NS: a 5
Nr*~LC boA*c*L ("(dAga™*L); A®d*L <L <> o™L; M*d*LC b *L <L boA*a™L; oP*LC
<LoB*AMC b ™, aAL<OoJd <o NAM; <P<RPTDCHS; PJNTS; <L Ac™e,

ADCD> >*DC >b*N- 5N B>AATADCHCH 0 Gro<Ib*CAcLo* >0 a bAC
ASASDMEJS, <O oN® b/<IN g anaA%Y'YNo®, Db > N <C boA~ag*c
(‘dATa*L) a5 A% IC>Y* CIN>NNEYo*Lo CLA 0 < o<Ib*CAcLo M0 a oAF.
Ab¥c >*DC B>ANADCH D oo <Ib*CAcLa M0 a bA® CLAGC a*o%/D>*N-5M (obalC
B>PN® oM DL @ bA%) <L a0 CAyD>*b®N-HNC (ACPC>N<J, PPML Acn<N-od <l
anyD>N=od a0 CP>ALIC). bpLea®D%, AbYc >*D< Db P>*IC Db Cia*M>ag® CAb™L*
<L CALSUD>PD® o 5a A% ¥No? a oA <Gto<Ib*CAcLo* g b>r"¥N?, A<I*IMc
B>ra< 5N AT T Mo <D oRNE. A S @ A% NCNC (45, < PNPo*L oy M=o
aNSaS) IDNbBP*a* D b>ANNho1° a>aAdCo® <o D>V <Mdony* o* @ oAS
o <db*CAcLa* = o°. B>AAT® <G o<Ib*CAcLo* 0% boA*La*L a oA ALLAD> Y%
Ab¥c >*D 5 <DL a o%/D>Sa< 5N <L oy SD>LAME, M€ D> >*IDC a = oJLIC

o <db*CAL* >0 boA* g *\>¥o* <L > oM “boA* Do’ ao5aC ACC>
aPH*Ia® <L anGH*Ia".

AbYc P>*DC CLA0 nac™a BB P>TRE bPry oot D<ol <Y P>Yo® a nA€
Nr+reC sboA*ony Mo <L <*o<IbP*CAcLo 0. AC>ID><NC IA®ACCD>Ya® PP,
AbY P> BB P*DC bYIN o AALPY Mo /LYo P>No® a oA ‘dAgo* o (N C
boAG*1) b>rYD>ILYot CAL*LoTC. <IMAa®hAS Abvc >*DC Db > b>APLY o
M AT®RAS abAS >R 52g-C NS AD> SIS CBDM® 5 CA<ALoT< >R 5g-< N PeC
boA*a* ' ACCP o> o< CAL™LoT PTPC boC* o€, bYINAC DB oN®
<5 DAY PLY® [Pig-*La. PP<lor, A b>PNN>*DS C>DIUL>Y® a bAS MM PC
boA*T* o ALOIH*L™ D™ PR 545 a oV W< * Do a oA NMeC
boA*any o0 CAL™ULo T . bNLI AA®ACCHRC < HC>P>*D a oA MM oA
AD S * > D PP ba-CH o€ (V< DAY >*D* 2005 bo-C*La),
CLA®53d <IP<1=USo >N DB bNLYoS IA®ACCD>YoC MPYo-GAc D>+ (' D). MY
XXXV



LN QLS DN B DN® ANC>DA*an<b* D% asa oo <L
<IN g e oS AC>ID><5NE IARACCD>YaC. ALLAD>Y®, bNSLIC IA®ACC> Vo< >H*DC
CL*CSe ™ abAS BAYD>BHC D D<M AT NMC boA*0-*M <L

"boAM NI 94% (A ANPYS: 92-96, n=3) a. oA CdyD>¥E bNTLIC IA®A*CD>Ya-< 2016-2019
D>PD>oC bD>PHCHLY M “boAM N D ‘dAca < (‘<A< AC>IJ* o, ““dAc¥™'

D> 3¢ dATLn<o NMMC boA*a>L) <L 91%-%INC (M ANCYS: 85-95, n=3) a.oAS
B>r7>RC 2016-2019-TC BB P>*DC CLA* 5N “boAMN*D ("> D <L E).
<Lo*bro®, bNLYoS IA®PAGT TS asa AP D> AP DC b<D>a o Ad/<I D
DR3¢ MAP<®YL5¢ DS CAL*Lo< 1990-*M o< (<'A D <L E).

e
b 60%
U gl Q| c ‘
;AD o [ ] 1990 boC*o Sl

o

45% 45%
§ E 2005 bo-Cr o< 2% 2%
a 40%
= B >r>< AMAC Qo Do
q [2016-2019]
9 30%
d
V)
3 20%
G
g
b
A 10%
:'D G 3% 4% 4% 4% 4% 4%
L g:"_" sl s
V)
€
i 2 3 4 5
o
) }»M?’ }H" Akt AP 4P
Lo st 55 <A bN© oM <AC>PJ® 5J “dAo-e% SdAT Lot
< < q anc = C &
oo d®OC @ oAS b o AMNL®IE a..0A

NN®DLSPLY® D. <MANPo*M*0S a oA CdyB>¥aS MM PC boA*o*M >0 (ICHPTS CoelL o IO
<GP PO (Stirling) et al. 2008 — (>bLL®) AMAo-S ><Ab>YoC (1990- 1, 2005-25 o C*ac,
QLo AMAAS DPD o€ PY—®<aC [2016-T 2019-16]) PTPS oo C™a S, >N Ay >*DC
B> oS bNPAAT BN AMLAS bNSLYTS ABCH>B>*DaC PP (3; bN® o 8-%RC
AbY>*D). [PYAS a \>AS CALB>YE IDo APNC>YE AN NP>NPLo- = oS <@ oPL<Ne P<ISaSe <
b <. @050 Aae<d*U¥E <AL NNGDYSILIE NMPEC boADo >0 AYDPLYC a pAS NFNE
boA* 5 AcP>HILIC e ¥ IDFCH>HECHIC pa ST LeLbdS, AN d M of (IDPC>I®
05T NS Py b*NENR oS <> @ 6AS e N<ITE). bNSLISCE IAPAPCIE ASCD> >*Do-C
PUIPTE D B> a oA b>ra * oS MMC boA*0*1< 1 <AL 2 AALPYD>E ‘G o<Ib*CAcLa>M<
QLSOO AL aoAS MMPEC boA*a*1 3, 4 <L> 5 b oA o bAS

XXXVi



B oA MNP o oAS
B <o <a¥DF o 0A® B.o™D%: 97% (93-100)
| Gror<d®D®: 3% (0-7)
1990 boC*Lo© I
b.0 D% 92% (90-95)
Graa®D®: 8% (5-10)

2005 b C*Lo” .

o™ % 91% (85-95)
Lod*D®*: 9% (5-15)

D>PE>< ALAC -
dogJ*Do*
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
QLD DYoo @S oS NPB>NY>bHCieC (%)

NN®DL*PLY® E. oo ™D o bPD>a*1C “boAM I C>IM® oM ‘< odb*CAcLo < &L’

a0 A Cd7P>PLNC P PC oo C o AMAAS B<on7P>YoC (1990-0, 2005-5 boCMo €, <L AMLAAS
D>PD>o < PU-*<oC [2016-TC 2019-1]). SN=N*NC AYD> > b<PD>o*M* 0 bN*AATHPN= M AMLAC
bNL¥o© ABCPD>*DaC PTPT < (3; bN“0N< 8-Jv< Ab¥c P>*D). BB hP>Nobd, <Do- bNSLC
<LPNB>*DE bo D b<>a* o “boA MDY CH>I Mo ' oIb*CAcLa < @ L <D’

a oA <Da D><onY>YoC. TPYAS aN>NS CALDYE Do A'NCPNE a \>NE NP>NPLo oS I<_PL<LN®

< a S M bec™c

< g ®DTE, AC>ID><NS IA®APCNE Db >*DC IS Mo C>IULD>Yo® <IC>I>< 5N
AA®APCI>NGC PP, CLPCSe® AICDPD> <M IA®ASC>YE Db DD CdPLYE M do-*ho*
AD> S0 a oA NMMC boA*any* Mot CBI® oM CASALoTC >iv 50C

ASCPA <o a oA MM C boAc> < D> NP Hd <Vo®D< ba-CMo,
aoa oo WL <do*Mo* 1980-*a* Ar<® oo P<a CALBLI* - * N> oN°
B> APL® 50- 2000-*1C oY <-<I*N-oNC. PP<o, <IrSe™L PP, A€
BErNNCP>*D CBIOULPNC a oA NI C boA*a* 0 AdIOI*IL* D BS54 ¢
a5a*D%* <Y LobL*LC a oA N PC boA*ony* g® Lva I NP~ >J CA<ALoTE.
AbYBCP P>*Do € bP>rc P>*D a oA NMC boA*c 0%, B> P>*D A boAM D
<L B*AN D aanAC BB CHLIC D<M, BB>YH P NN CLA* 0 a nAS

o <db*CAcLa* 0 (AALP<SPS a bAS AT T AcD><5N® P G o<Ib*CAcLo M o°
B>MYNC), CoLAS ADC> > Db > a nAS B>AYD>IC <*g-*D< ba-C*LoC

b oAM D <L AMAC BB® N aa oA b oA Mo D>*CMC AD g P> D¢
CA<ALaTPB* o A7DNo® JA®APCPRTC ICBPB><L01C, BPAPA DI W< PN a b A€
Nr+PeC boA*a*M o< <L CLA* 6 ¢¢d° <+ odb*CAcLo* o <**I< ba-C*.oC
<Lr ™Mo boAP*<-cdobBIA*anIb*D bBry>" PP . IA®AAT DB N-DIE,

AD> SIS a oA NMPC boA*o*M o< <L > CLA* 5 ¥d° <*a-<Ib*CAcLo>M* o°
B>AY>BC R >PD® A M 0% Abvc >*D oC. PP<lo, <*PNMPo->L AD> 5P & dLoD><
LAPERPED*Q P D B>AYYE CAL 5 5°C >ILE bNLYo® JA® AT ChnIb* D

XXXVii



a5 ASa<MC CLY asa Sa B>, AcP> 5N B>t 5d <M NNa*L <P<SaD>¥< a b AS MM PeC
boA*anY oS AL G odb*CAcLany Mo <*g*I< boC*Lo.

Ac P>BCP>Y CLA0C pac™a© b>rPLYC ADY*d*’Lo*>0"* a oA ‘dAgo*Ig* ><I ¢
NP=od A'YNH oD <Y< YSa ™0 Dd: I A0 A 0A® AcP<Lo

A N®Cb oL *>Sa>L ANC> <o ALJ oS oy B> C>N oS <L <IP<=J*D<
CnP>< PP 0% a oA a“ N o<ia® NP \D>o ™ o°.

DYVE Toom<I D FH 5 <A T PPLo b Do

Ab¥c >*DC DB > a oA LbACH* 5Nk Ddia*, <o L5 <P = o

<L A>MEDC GRPDL LD, CLA YIS, Ab¥e > AALPY P ACHGY g > oC >R _5+g-C
CAL*a ALY™MCDC <> asa AY®PLYa® b>AYD>Ya® DadsL< 5Nt CdPLy Mo, AcP>¥C aa, bl
<L boADTE oS¥NE AcD>NE,

CLA*0C nac™a®, BPrYP>YC a oA DIYLYo® ASc o1 DR 5+ <0 A ™o* A¥o™®
ACHGL=g-GA D>, DN oot C* D g = o D> >, AL*a ASD®,
CLo*CSet AcD>BCDNE o *To® b>p DAL DC Dd™:Uia® <IP<IC LbACD>* 5N
DdCPNo®. AbYc P> A®bPLIC CdPL7* M0 NN PSR 546 ASc®Do® a oo C
D>bc P>*D¢ CAL*a ADo® CdLI*™*<D°.

LR, aaA®DC o <dn Y M AL Qo <5eC >R 3%¢C a.va D GRS M g b*DC
CdyP>LI*NDC a o<, Ab¥*D< bdN*d< >bHCe >*D Go-Ia-nyD>iat Ac><HNE:
5B DUYI*Do® YNYAC D*A Lo <L oP*oS; bd*DBB>*D NI oS,
bY®*DBP>*DC DAY g, PP o CPHBPB>*DE; a<JI* ' >ADC Lo DPLDC PR Hg¢
ac*C aPB™ D a oA BrILra ™D, Cd7P>N a oA b o b™oN®, d* Lo C
Ac*LaD> 5B C P>*DS, Lra e > 5o PR borC*a S, AP® 50~ 2007-T€. <*g-*D<
boC*o €, I M eo® P B* D Cd7> >*DC LPA®C®*HoN* 1980-*M0 < <L 1990-*Mo €,
<L @A T*db o b* D I LPo M C ba-CMo< Cdy>bCe >IN Lra e > >*Ire
2015-T<. B>AYD>PLYC bdN*d b CGHI*N=LN, CLA0C qa - HAS, <IUN-DAS, A*a A <L
A*aPh D a oA B>AYD>HCCHILIC [*5db* 0 b5 0. A0S, T*JAPNILo
ARNBBC >PD® NP AD S50 oS, PP<lo CAL*a A= b C™ '~ 5o, P <,
SIA P 0 aoG'TC B>BP Db > CO®.

>b>/bdyD>LC <IpD> Do CdPL7* >0, A AbYc P>*D BB b BTN P b*Da?,
PO*oB*®Io® <L P B®*Do® BaCHBND*oN® I 0 an'cS, an 7\ YD>*oN°
GeaSod* oo AL PdIS Ava®. P Db > a o®YD>% 5N* a oA MU<LPC>PILIC bo-*LJC
<L PDNME AP SADPLIE <A CDGGR oS, PPTTS, IC>P® ADBC> >PD® b>rc >
a0 Ac*J® bd® oo Lo Pio® oo [d™L, ao’s> P o o SNP>aG*CH>Y™.

AbA“> aoAD NPEIIYNGCio e
<A< AbYe D>*DC CLAGC PP C QL5 <*a-* DT >b>Ybe >*D AbA“> a bA“

NP>N"YNBCSa* o, a saAcP>*D A*Ao® ARCD> 5<% Do A% AbA“> a A
NP>N"YNBCSa*N>LMC DPBUN> Do Moo a bAS; DY a8 ¢

XXXViil



o0a *P>CAS AMGrBCcr o™ >0 B<LIMP>Y® aocg® Cdv*a ‘o \N>c*oN°; <Lo
<LD*CPo*\P>co* 0 YA (bac™ o) a0 KWIY*<-cdo*Lo® CnP>T < /d*L.
BPYLNAT ADBCPP>*D CLA*0C pac™ o BB PTY a A D<M c®*D®

b AL g *ND>DHC*D <L Ao* 0 A™Pa T \D>c*oN°* CA</LaTD>o*lo €, <'Lo
B>b®oN® A'H5NAGE o P I NN B Ca®*\ND>c*D, AP7°a < <L ASINMYP>Ro® AGCP>NC a0 0C.

ALAD> <50, CLT 58 C® <ICIB> <N <IA®ASCI>NE ASCD> >*DC (27) b>AN N >*DC
ALSNPY o0 Ao 5*CE DA <a®Dl o 0% AbAS A%Pa ®D oS a o5o°
NP>NBCSa*N>cSa->* o, <M ALLPY o Dadc > a oAS Ao >*Co

> on<daSa®\>cLC D><oM>I® CA<ALaTD>* o< <L b>rNN<N®
NP>N"YNBCa®* N> AoA <'L> abAC. a oA DICP>IC Ab/T oo™ A'NNM<oJ
>b>/P>c >*D CAL*aADCcho*Lo CLA*0C <*a DT <L PTPTE.

Ab¥c >*DC DB>Pbe DT < *DT>CAC <L PTPTI>CAS b>p <IN IDP%a *C M og®
@ 0%*Chc®<C b o*IPCP>Ic* > on<da® Db o \>o<I o a0 <L
/SN CH** o> o AINMYP>N o A< Db B>*DC, AP® oo 2000 bo*Lo <,
0ac*>CA® CLA*0C pac*o DB C e >*DC AL HRAGE o DAST IDBCP>a%* HNE
0aAS ARNNP<LNE CHLA<I® DG, A ABSCD> D> BN N> ALLA D>
Acea<I*NoMC L*d* DA boAcD>NIbia I D onda *"cDd¢ a o oC.

oo “a nAc

<A AbYe P>*C a 5a AcP>*DC <I¥Sa 5oL oS D> _5*¢< >bP*a P> ¢S M *a-C a bAC
D>b% 5N Pa DA SIS BD>ALYD* D% P> athe>C. Abdc >*D DB b* D b o™ P> h®
CP>OBGYLE a 050 A'¥Nb_s<I D> o oA INALED e So oo W<LYP<—<IN® J<NS>C
D> P <e<lo*L oS, PP<o, AICD>Y* ASCD>c >*I% > >*I% o pAC

<AINLED*a NN NE, <IN * IR a *DC YNPo<I*C oo AcaT® aodo< 5Nk
BNboOP TH <M * <. <L DB 50~ abAS PP a 0GAS boA>c*C
<LDRC>I*Q ®DC PS> g*h[C <Y< <do™L o Cnb>< Pd*L. A" AALPYT*oC D> >*C
A Ad* << Pea*<C aoAS >onda Y- *a Sa<I*D%* pa *>.o°, bP<IWAC
ABCD>P>*DC B>ANNCD>*DC ALLAD> oL o <M da*1C b oA M o bAC PN <N*coC <L >
<AD55MC ADAS AP PE,

B> No* Q'L bLY béo

ABC>P>*IC AALLYT >0 Dol D>