o

002 BPLY¥CAANC bNLAME
bNL*¥NELS: bALAPA*LJC bNLo* 003-2024
<*D< 30, 2024

o

g <A<, pa>< -
ah><[bNL'¥NA™ T NI>beLy™: ddaBa L
9:00 - 9:02 AM 1_|LDA®/c* bNLa " AP<D>C™ 2Tac
9:02 - 9:04 AM 2 [bNLSN*h0° <HA<PN o™ AP<D>C™ 2Tac
9:04 - 9:05 AM 3 [bAL NS PrepyD o< <M *Ch o =L bNLo* RM003-2024 1_|[Ar<>C™ 1Toc
> Ll -
_ _ BI>AY>YC 20217 ANFCHB>*N-HMC <L bac o 0% e
9:05 - 10:00 AM 4 oGP # NP AN a S o<IFCHDE CPBY<IS o oA 2 |9=Nenid
Acnd e
10:00 - 10:15 AM PbbA*a® 15 o<
> Ll -
_ _ BI>M>C 20217 ab*C>>*N=5MC <L paco o e
10:15 - 12:00 M 4 ONGAPNH > # NP AN a S o<IFCHDE CobY IS o oA 2 |9=Ncnid
Acnd e
>-oPThea
> Ll -
A B>MYD>YE 20217 &N CH >N <L bac™o o o
1:15 - 3:00 FM % DG PN BN S o <Lo<IHCHDE CoY << o oA 3 |d=Nenitd
Acnd e
PbbA~a 15 o<
_ _ o0a 2> Ll -
3:15 - 5:00 PM 6 |bLoN<< DDC B> o< <ML D*Den WA I> SNPIAC 4 |<dencniegc
AcndLe
7 |o%b°c® bNLo>< RM003-2024




o

oa.> PL¥cnr Y bNLATC
bNL*¥N*AS: bALAA*LJC bNLo* 003-2024

<D< 31,2024
<A, 0a>C

&

&8> bNL ¥N*L™ b ocNiP>beLY": |<ddoboL:
9:00 - 9:02 AM 1 [LDA®/™ bNLoT® AP<DC® 2T
9:02 - 9:04 AM 2 [6NL¥N*S.0° <TA<PNHia AP<DC® 2T
9:04 - 9:05 AM 3 |bNL"RNPLC: PTyD>o < I *CD>o>_ bNLo* RM003-2024 1 |AY<DC® [1To°
_ _ LUD>ERE A SADE #PLIC JCC beGeLhE b G <A™ 0T
9:05 - 10:00 AM “ <Q5GJ<lo 2025 <> 2026 bG>a<Ia 5
10:00 - 10:15 AM PbbA-a 15 [o-c
, , DLFNEN VNS Sa v D> by 5N ba T Ab-c<ISosIC
10:15 - 11:00 AM 5 | neaeCane 6
_ _ Ao ALTDConaC baCl DN®NSN NS - Cnlb>T ALT
11:00 - 12:00 PM 6 | \>orceabig 7
Do hva
, , DLFNEN'NE <Sa D>NBbA . * I C-oPN< AL ba CT AD*A<*C> >0
1:15 - 2:00 PM [ ROy 8
8 |o®b°c" RM003-2024




>do*L Doy

002> T PLY¥cnd ¥ dS bNLAM = 0¢

oo

Nunavut ,

OAN*CPVAS: X AlLcPPCPvE:

A XCPY*: 2021-T< BP>PNPNAGE pac o0 DNGAYo® CPBY NI AM*a"LC a oo C.

Acn<rJrLre:

o CPDYNS A*ca*lo asBNPe bDNCHNE LoD<Ic na s (<psdd® 1), PJc*<I
ANPC> D> B>ANPCD>< 5N > 0% e >CCHC>< 5N A< >*>< 2011-I 2016-
>, 949 <L 842-UaPyD><s5Nt aonAS, <Do. CBYN< AM*a*o  asbbNre
D> oPg*<cc<daMy>c >*>C CALo.

o pacC <hdo, NPSHLT, <L b ™ *coT <IWUa <D CP>YN<S AM a*lo. Lea>¥®
bN=oMS LYot CP¥=a ®D CrDY RIS AL *a*lo 38-%U>C anA® <GJL®. bN-ore
QY PC>Iea®DC <GP C D>*>C I RLP<ILND>< o JCE (FQS) 2:1-T <Ia b C>®
PAc*PC b WDo*MoS bWWNCP><Ho o 111-T <UD P C b WD>o* oS oC*
<Y CP>YoC <> NYN @M CB YN (HACCS) <D B>*N<_5J 2022 -T. a.* o*C>L¥*D<
2012/2013 <'L 2022/2023 <Idog-*Lo 28-UcD>*>C a oAS <SGIM <ACD>IT (<rad<q® 2).
ac o' CBL¢DE  CBYNS AM*a™o <GJo€ deo€ <od®*Doc  (2012/2013-T<
2022/2023- 1) 26% C &< 5 D>*>% IDA>a P> bN“ oM <YatC>¥=a *DaC.

o CIDYNKS AM*a™Mo <L ol*</<do b A< (SH) LebeC®Lec QGJoS CocloS
B>PNPCPN?, BUNDAND>C® BDANPC P>*DC Alo*CP P>*0oNt 2021-I. oac™o
INGABC e B>*N=ore BHosNtde 2021-I ><JN<oN°* DNGAJ*ac B oM< a®-19- ¢
<> bCHAN LD N M), B>ANECIP<D>*>% <Y 2021-T Ao 0Nt 5 PNAN 2021-T.
B MC A D> oo g B>ANPNM ID>*>C CAM™L b>AN®NLNC, b A5 oM <ID>o
B>AMEC>>*D® CAbo“CA*a ® <~N>nD> Lel*Lo <L d<A' Ll ™o

o dNenddS PP R t<cc<do*LoS baCl (ECCC) B>ALYBECHILSC CrDYR<
AL a*lo 1980-T AP<®oo. B>MBCA*a®DC ALACD®HN® NMPecS  A%P<LNe
alDb*CD>L IS B>ANPCDILYo® Acn<IUPLe®DC 2017-T AP D>%’L-5o LoD<I <L
<GN>AD Yo, Chd<d B>ANEDE a Il -c<lo* =g b>PbC >*>C >da.o, CID>Y <<
AL o /b A5 oo <L PIAS boAc-c<lo™ =g CID>YN<. b>rLPCI>C
Ce™LS Do*bl DPPa NP> AbICDHND  DPPa®’/NHNC D opg®<c—%/LIC
Q. D>EC*CP>PLNC 2021-T 0a > LelbdS b*LCAde b>ANFC>YoC.

L°A®DL® 1 6-J-oN°
NWMB RM-001 2024



L a boAc Lo L:

o PUCH<T  Dgth®  BD>ANPCDYCs  2021-T  CBYHNIS A*a Lo b>ALNRCDYo*
Do D>bD>C> B>*>C <> NP>DCP>IcLoS 0dAL  2022-UNHJ. oCE D> oSase
Qc D>CH*CP>ALYE 618  aoAS acPC*CDPLicS DoMeag®\D>o>C Py
B>ANEC> >* Do 2011 <L 2016.

o CIDYNLS AMra™Mo bMUAISS ofdos ac>C®C>C 2011, 2016, <L 2021-1¢
bNC>c >*>C  CDYNA< A a™o Dotbedl. Cl*a  N*PNNC>*>®  bN~oNC
ac D>C*CP>VoC 1892, 1622, 1621-0'> ao'c®, <Do. CLT® ab6BNrS bNPLN=P,
CdND>NNS® A5G 5™ Do® D oSo* Mg (CDYNAS A a o <L b M *A<5< oM <lo)
2016 <L 2021 dd*o*Lo bD>rY*CD> Yo

o P ebPNCPoMnS  bMCAIT  abA<RDS  DooMot, asacP®D®  boNl
D> oPea* <o ®NPALME CDYNS A *a*lo 2021-TC aoAS 5<-c<dbCio* ="
b5 oo, dNcenrtdS PeP>csr W <cc<do*lo® balCl <N>ADI<>
AP o oS a Ha AP N®AAGS AYDbeg® <P D5 B>MPC> >*DC a sa ATC><5NE,

o ARMndtdS PP INRP<ec<do* oS balCl N Pegc A®bCDS Dob*Lo
A AARC DD D oPrgH<ec PE>C OB A a Mo 2021-9YN<5J  aoAS
H5<cda™ o bMPALSS oo, Pdbo oS bMUAISS  of<do bMCAdC
BN ECPN=OJ.

o ANnrbd P D5 A< oMo ba CT MM Peo-C A%PbC DS D>obb Lo b>phe > ¢
a*o'dD>Yldooc. aosaA™bra®>* CPBYNIS AMta*lo I Nrc Pl
<IDP*a oot a bAS LYY CYDYN<S AL a o /2T NM Lo A%/ 0> D>So* = o°
CPDYSN<S AM o, apAS <UYDNE b A5 oP<oc a0 CHC Yo-—*< NMlo
ASIAD> D> 5N® b A< 5< o <o.

DAGAADVE:

><* oM bac*aC DNGAC DD CDYNAS AM*a *LC IYatDeni* o LY 26-27-5 LA
9-10-05 dd*oc*Lo, 2024. DNGAN=OMC A'NHOHLP>*>C BEPN*CP>"'YNo® 0a > L<L*d®
BMCAIE D> oo Mo ANANLNE T <IN P D> P h*<<lo*Lo® baCl NM Lo
A%< 5N BN Do, AWatDenrtdS AL SNB > atlbbH><ILME b CAde a \*C>C
DNPLD>® 0N bANCCD YN o NM*lo A®YAD><ON BANTCDYoC. IWUa P Dcenrbde
> o%/<I*N“N3LP>*D< bN-Lr€ <JatCPY*a*Do* P*dDAa A <Cla‘oc*o
APLBNDST Moo Ac®d/Tos “NSUTYD> NS 0a>C D=LAIS A%ba AYy*N S <L oa>'T
D>LYcnM < bNLAME bNLSC>bC B>TIE b Y*Abc® 0N (asa AY*PLYC Cdore CrDY <
AM*a o bNLN=5MC a Aa #PLYC Dab M ba > LLbdS d<Nenibd o).

<DcdyP>vc:

L°A®DL™ 2 6-J-oN°
NWMB RM-001 2024



1. <NcAEE APRdaPDC Lea bN~aMc 9*Jad*CP>¥-a*Da* 38->J-oN*t CrP>Y <<
A*Lra*boe  adBNPC. AP CIDYHAS  ole<d<do <L AM*a®</<o
@ DEC*C> >*DC bN“oMC 2016 <L 2021 <d*o*Lo, aoAS AGHIHIL DS Lo
<4<N*C boA*Uo* <Ua C><* D5 Lt oNe.

2. L*a baCcll 0aSR<dcllMs anAS <> CPIC Acn<Y<R<I¥e Letsd, d<Npnrtds
DHGHSC pa S DLVcAMN<EIS bNLAMS <#PEAASI-SME <> Nos1 DGAYD>Yo®
CDYNS Ao a0 oS <d<NenA*dS ALASRSC <> Nosc DGAY>NC Lea
B> oo b¥rN-or<.

L°A®DL® 3 6-J-oN°
NWMB RM-001 2024



Acr<PnN™L 1

53

Polar Bear Populations
in Nunavut

b)
ahosts

and

) i
; ] GB-
\~ OiKugliktuk )“AO\Cﬂbg‘q! Bay)Q) Taloyoa\k
oo a
y f' MC ﬁf;i},%l(qgwuk

A SO
=9 M

Legend

) Polar Bear Population Boundary
d [71 Nunavut Settlement Area of:kc Chen em > b mm, Klmmlml
O Nunavut Communities 26a mm

BB - Baffin Bay 5 wn:an:wft t DS
“| DS - Davis Strait 7
FB - Foxe Basin O Arviat -

- | GB- Gulf of Boothia i
KB - Kane Basin f F 2 e
? LS - Lancaster Sound w : = & ;
7| MC - M'Clintock Channel R
/| NB- Northern Beaufort W"‘"“"‘ %
il NwW - Norwegian Bay ‘ H/ W
SH - Southern Hudson Bay ey
} VM - Viscount Melville s
WH - Western Hudson Bay -~ =."" =
0 250 500 750 1,000 Y. Projection: Canada Lambert Conformal Conic
— s w—— Data Sources: Polar Bear Specialist Group. 2021
Government of Nunavut, CanVec
Kllometers Esri, Map created by Samantha-Shae Smuk, March 21, 2022

SN A Lo

<pY® 1. boOA oM ba >l a oA (WH = C/DY NI A* v a Lo, SH = C/DYRS oM <P<o).

L*A®DL® 4 6-J-oN°
NWMB RM-001 2024



CDY NI A *a ™o a*o"CP>~C

°0 1:1 BP>o*re

50

40

30

20

10

5SS 5 S \

PFHFHP I XK L G QN NV NG NG N WYY QDAY AV
O LR TP P PO P PF O HFHH NNV QI
FEEFEFFTLF TS

Arviat Harvest Rankin Inlet Harvest Whale Cove Harvest

e Total WH Harvest eeeeee Average Harvest TAH

< pd® 2. bOoA o C/BYNI A a "o bN"olNc <Ya AP CP>Y*a "D (TAH), ID*CP>-cn*D°
<DO*PCPHLY D=5 Y7 ®D< 2000-T AP<® oo

C/D7 R AM e *<Po I <*d™*©

45

40
35 I\_—_
25
20

15
0 /
5

2016-2017  2017-2018  2018-2019  2019-2020  2020-2021  2021-2022  2022-2023

e Arviat Credits e Rankin Inlet Credits ====\\hale Cove Credits

e Total WH Harvest —emm=TAH

<pY® 3. boA oM CPBY R A a P <P<o a*olLNAC II<d < 2016-T AP<® oo

L°A®DL® 5 6-J-oN°
NWMB RM-001 2024



CDY NI AM o AP T W>"ra™ AdNa >
DdCP>~C

O P, N W b U1 O N 0 O

@ Arviat DLPK Rankin Inlet DLPK  emmm==\A/hale Cove DLPK

<pJ® 4. BB oM AbPT N> oI AINo =D a oA DHCP>NC CDY N A**a*Lo 2000-T
AP<® Ho.

L*A®DL® 6 6-J-oN°
NWMB RM-001 2024



bINSY pa. D AP <IN B¢
Building Afunavut Together
Nunavuliuqatigiingniq

f [ Batirle N(,mavuf ensemble

Nuﬁfl‘f’?li JNenitde
' Department of Environment

Avatiligiyikkut

Ministére de I’Environnement

0a.C~eS DNGA e CYBY << A*L e Lo a o0
b LCAGE d" aNAa I 2021




AP<IPMPRNE

?;

<N SHAE A< NS
a0 B>A*N a0 B>AEN
<q<Nenr*de <<Neno 1 <L P P><

0a 2> LL™L <P <-<o*L o baCl€



/< o0°g

Nuitsvat
o« CAL™LC 2021-T°¢ </<C*J®/LYC ARNC Nrbd* 0"
02 LRLPd T
o AONGoPbc c P>ese
Q0" 0¢ DL<Ycne LbY
CA® AT o<PoT
« L5P° @ 050 DLYc AR
0 PeIC Go

. L5P° 0oC* @ 050¢
[>IT<'c—n_.>C b</<¢
G C




boA*La™l




.3 B>AFL <o

>C
Nuiravit

N

1. N*PENON® B>ANSACK™




8. B>AP Lo

?C
Nuitavit

2. >BbNB 5NE BN G5 1S <P YL Lo DN 5N Db>Y>NaC



.3 B>AFL <o

>C
Nuiravit

3. AccD>NONE PP IC>YE bS5 1S 1P Loy D> ¢



o b>ANR<L T

Nunavut

4. b LCAd >N SNE



o b>ANR<L T

Nunavut

e a0e

1.

.
“1

L <l

a

5. PrPa® <L NNGSo- PJc®<[ [>g*bl™

7
l

J




6. DNGA o PU << D>o*bl S



8. B>AN*<L <o

?C
Nuitavit

MN"C d<Nenrd* o€

Y 4% QEJeide .>c

= <Q*JyP> V. D¢ Nuhavut
AdLB>PCPYC
QLN
2 <Tb roN SoaC
Z bN~or< <GJeL e
<///; /&/\ <*JyP><tDC
\/) AlLcBPN Moo

mm

PAJ-C®<® Bathb® 'L AAS BBALYDBS
bN-DNS CGICLUPBNE  PHI-c®<® Dotb®
BB o

R 7 BN ol YD D ALLD>PNMNS



8. B>AP<L o

c|
Nunavit
No"C A<Ncnr®d>0o€ <A D*PLVo PL¥cnAr*d bNLAMTC
. ., P
: M Sb c / ‘ A 2 Igluligaarjuk o M;";,T?f_lik
< P C>e Kitikmeot Region uﬁ;;fé‘k;ﬁn}m .,‘(_S/aklhg ooNaniSiv’;;z“tg"k-! i
PO D>C Kiragjuaq oKangiqiniq Stk o o eorh b*rDlA"
N a A bt S

lyde River
g Iq |ukt:l)1umaq Tauna s k I k ClydeR
Cn t j . . . iki .
& Cambidoe ey gp—:mf:i \rvijm Klvalllq Reglon Qi iqtaalu Reglon
) 5

C : SPPSh
DO > A Iglulik b (- b
1 ktok Ugsuqtuuq Point P ® ABED PPRE
\ LlnaVLl j;:‘o Dv“'j‘,::)uc 1 K oSanifajak
b Y Gjoa Haven ek &
: N Hall Beach

QPoN® <o oON H6-C <q*PtYoONC b rot aALCo
bN"oM< CGJeLJC CLT® oa.é< Ao<°L*LC
q“Jyp<*DC
AdlLcB>PN Mg

oa.c*0° rALCC
Q. /D "YP~NC

7. bN=oNMc <7D~ IO AlLcBPN™ €



nm

N "C d<Ncnr*d=o°

<L eCPY©

Lo

Nunavut

=

M+ M O@_)O

e ©

o
. or Al i
|tikmeot Region Chesterfild inket t_f/aL!,IE
.. Coral Harbour
PO D>E kiragjuaq 2 Kangiginiq
Iqaluktuuttiaq PSP IO ::Ekﬁm;cz
AborND™ Talurjua B )
i : s . .
Ry e wiato Kivalliq Region
o W
Uqsuqtuuq Point Pcc
D342 520 8
Gjoa Haven

AA*DYLNo BLYC NG

§ Igluligaarjuk

Draft Total Allowable Harvest

Mittimatalik
Ipafil=Ce

Pond Inlet

Nanisivik
PR

~==

Kangigtugaar
b*P=DLA*

Clyde River
o

Qikiqtaaluk Region

lglulik -~ SPP e (C ot
Alocho

'k

DSanirajak
Lo Gt



P Q05 CHa® > Mg .,

>C
Nuiravit

N n<*LC RN nrbdC
e A Lot

PD_HCE CS@ SeD NCP*Neg ¢ a_0AS ACSbA%a P*a Sg¢

Q> 0%g51¢ AL PDNC 0a SR Q2 sbNNJNC

—_—

bN*C® oM @ * 0°CP>N*a ¢ (TAH)

o LEa >N bNoeC® oM @ * 0 CHY*Q ®DC ArLrQ o</ Lo ¢
C/DYSNLTC 38 a oA >P>CLE

e <N r*dC Loa <D LC bN oM< <*Ja.A*CP>V¥*a.*Da< 38-0-C.




i GB Y *o llplk : . 0.0
g Samra]\} ;

Cambr dge Bay) 2 Taloyoak \
Naujaat }
X
FB Kmnga:t

G)oa N\
’" M C a Havon | Kugaaruk

Chesterfield Coral Harbour —
; Inlet L -

Rdnkm Inlel \ {7 JQ

B>PYPCPBP>*YLNC 02> LRl d* o€

2011-I" <L 2016-T

2011 2016 ‘

BANPCDq * D J<Nenrd=oC <L
P/ D>< QPr*<<do*Lo® ba C CAL™L®

1980-* =c-
¢ LoD<I Acn < >*De

<PBNAIN D> oSo*M AbA—a bAS

<>HBCPNR* I Po*/R-cd* a0

B LI <-dN-DJ

B>PNPCPBULN bo b ro< oo

AP dbec o Pe o bAC D oST g

CAB7X<*® Ac®bo ™ -D> o ™€ ﬂ

b



m@?ﬁ% BHALC A< b>AN o5 D>atb™

WH Polar Bear Aerial Survey 2021

2021 AERIAL SURVEY OF THE WESTERN HUDSON
BAY POLAR BEAR SUBPOPULATION

Nunaviit
FINAL REPORT

November 16, 2022

Stephen N. Atkinsen', John Boulanger? Mitch Campbell?, Vicki Trim?, Jasmine Ware®
and Amélie Roberto-Charron®

Submitted to meet requirements of:
Wildlife Research Permit WL 2021-0061, Wapusk National Park Research and
Collection Permit Number WAP-2021-3990

Status Report 2022, Nunavut Department of Environment, Wildlife Research Section,
Igloolik, NU
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Distributional shifts of polar bears (Ursus maritimus) in
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We dedicate this report to Markus Dyck; a dear friend and colleague
who will be missed but of whom we have many fond memories. Your
dedication to the future of polar bears and their place in the world will
forever be remembered. We will do our best to make your contributions
known to others. This is for you Markus. See you later mate.

(Photo credit: J. Ware, 2020)
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SUMMARY

Relative to most polar bear subpopulations, the Western Hudson Bay (WH) subpopulation
has been the subject of significant, long-term research, monitoring and management
efforts. Concerns about the observed effects of long-term changes in sea-ice habitat,
harvest pressure and increasing levels of human-bear conflict have made this
subpopulation the focus of attention in discussions about the status of polar bears
globally. Recently, part of the monitoring regimen for WH has involved a plan to conduct
aerial surveys at 5-year intervals in-order to closely track abundance and distribution.

Here, we report the third in this sequence of surveys.

Using double observer (sight-resight) and distance sampling methods from helicopter and
fixed wing platforms, an aerial survey of the WH polar bear subpopulation was conducted
in late August and early September 2021. Survey design, including study area
stratification and transect spacing, was based on previous surveys in 2011 and 2016.
Transects were oriented perpendicular to the coastline to align with bear density

gradients.

We recorded a total of 194 bears in 125 groups. Like previous surveys, bears were
concentrated along the coast and offshore islands, although both lone individuals and
family groups were also regularly sighted inland, particularly within the Wapusk National
Park region. The estimated abundance of WH in 2021 was 618 bears (SE=119.3,
Cl=425-899, CV=0.19). Comparison to aerial surveys estimates from 2011 and 2016
suggests that WH may be decreasing in abundance. Post-stratifying the results by sex
and age classes revealed significant declines in the abundance of adult female and
subadult bears between 2011 and 2021.

We were unable to definitively conclude whether the finding of declining abundance in
WH over the last decade, specifically that of adult females and subadults, was the result
of reduced survival and recruitment, movement of bears into neighbouring subpopulations

(emigration), or harvest pressure. Based upon the multiple lines of evidence reviewed in
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this report, it is plausible that all these factors have contributed to some degree. Of
particular concern, however, is our finding that the observed declines are consistent with
long-standing predictions regarding the demographic effects of climate change on polar
bears. If these apparent trends continue, the progression of a reduced subadult cohort
into the adult age class, combined with an already reduced adult female class,
reproductive senescence, and mortality amongst older bears, may result in cascading
effects on WH abundance and reproductive performance over the next decade. We

therefore provide several recommendations for timely follow-up to these findings.
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1. INTRODUCTION

1.1. Status of Polar Bears

Across the Arctic, warming temperatures and changes in circulation patterns have led to
profound changes in sea-ice, including declines in its extent and thickness, earlier spring
melt (‘break-up’), later fall advance (‘freeze-up’) and longer seasonal ice-free periods
(Stroeve et al. 2012; Overland and Wang 2013; Stern and Laidre 2016; Stroeve and Notz
2018). These climate-induced changes have been identified as the ultimate threat to the
status of polar bears (Ursus maritimus); a species whose life history is reliant upon sea-
ice as a primary habitat for foraging, movement, and reproduction (Wiig et al. 2015;
Regehr et al. 2016). The sensitivity of polar bears to changes in sea-ice habitat quality is
evident from the numerous field studies that have demonstrated associations between
sea-ice habitat metrics and polar bear survival, body condition, growth, energy
expenditure, movement patterns, distribution, reproductive performance and abundance
(e.g. Stirling et al. 1999; Regehr et al. 2007; Rode et al. 2010; Cherry et al. 2013, 2016;
Lunn et al. 2016; Obbard et al. 2016; Johnson et al. 2020; Laidre et al. 2020a and b;
Pagano et al. 2021). Although most of these studies have documented negative
consequences for polar bears from long-term changes in Arctic sea-ice, some have
documented positive responses, in terms of body condition and abundance (Rode et al.
2014; 2018; Laidre et al. 2020b; Dyck et al. 2020a and b; Regehr et al. 2018; SWG 2016).

Observed variation in the responses of polar bears to a warming Arctic has largely been
consistent with predictions (Stirling and Derocher 1993; Derocher et al. 2004; Stirling and
Parkinson 2006; Stirling and Derocher 2012; Regehr et al. 2016). Subpopulations in
southern portions of the species’ range, where the annual sea-ice melts completely during
summer and autumn (e.g. polar bears in the seasonal sea-ice ecoregion sensu Amstrup
et al. 2008) have been the first to experience negative effects (e.g. Striling et al. 1999;
Rode et al. 2010; Obbard et al 2016; Lunn et al. 2016; Johnson et al. 2020). In contrast,
some subpopulations in northern portions of the range are currently showing positive

effects as these regions shift from multi-year sea-ice to thinner, annual sea-ice and a
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longer period of open water (Rode et al. 2014, 2018, 2021, Laidre et al. 2020b; Dyck et
al. 2020a and b; Regehr et al. 2018). Thinner, annual ice provides better habitat for both
polar bears and their ice-breeding seal prey. Combined with rising ocean temperatures,
longer periods of open water, and greater penetration of sunlight into the water column,
marine ecosystem productivity in these northerly areas appears to have increased
thereby increasing the carrying capacity to support higher densities of bears (Stirling and
Derocher 2012; Rode et al. 2014, 2018, 2021; Laidre et al. 2020; Dyck et al. 2020a ; Dyck
et al. 2020b ; Hader et al. 2014, Frey et al. 2018). However, these benefits are predicted
to be temporary and ultimately replaced by negative effects on polar bears if sea-ice
conditions continue to deteriorate in the future. Overall, therefore, the predicted long-
term consequence of continued sea-ice loss is that global polar bear abundance is likely

to decline by greater than 30% over the next 4 decades (Regehr et al. 2016).

The polar bear is listed as a “Vulnerable” species by the International Union for the
Conservation of Nature (IUCN) (Wiig et al. 2015) and a “Species of Special Concern”
within Canada (ECCC 2020). Across its circumpolar range, the species is comprised of
19 subpopulations. Current assessments regarding the state of knowledge and
demographic status of these subpopulations presents a varied picture reflecting the
expected variation in subpopulation responses to climate change, as well as the immense
financial and logistical challenges of monitoring this species in its remote, inhospitable
range. As of 2021, ten subpopulations were assessed as ‘Data Deficient’, two as ‘Likely
Increased’, four as ‘Likely Stable’ and three as ‘Likely Decreased’ by the IUCN’s Polar
Bear Specialist Group (PBSG 2021).

1.2 Western Hudson Bay Subpopulation

The Western Hudson Bay (WH) subpopulation is one of three currently assessed as
‘Likely Decreased’ by the PBSG. This subpopulation ranks as one of the most intensively
studied large mammal populations worldwide, with a history of scientific research and

monitoring dating back five decades (e.g. Jonkel et al., 1972; Stirling et al., 1977,
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Derocher and Stirling, 1995a; Regehr et al., 2007; Stapleton et al. 2014, Lunn et al. 2016;
Dyck et al. 2016). Implemented predominately through mark-recapture sampling, findings
from these studies suggest that WH abundance increased during the 1970s, remained
somewhat stable, and then declined by an estimated 22% between 1987 and 2004
(Derocher and Stirling 1995; Lunn et al. 1997; Regehr et al. 2007). A more recent analysis
suggests the population remained stable between 2001 and 2011 concurrent with a
period of stability in sea-ice conditions (Lunn et al. 2016). In addition to these trends in
abundance, linkages have been established between sea-ice conditions in WH and polar
bear body condition, reproduction, movement patterns, distribution and survival (e.g.
Stirling et al. 1999; Regehr et al. 2007; Cherry et al. 2013, 2016; Lunn et al. 2016; Johnson
et al. 2020).

Long-term concern for WH polar bears, centers on the impact of a progressively earlier
spring sea-ice break-up and delayed fall freeze-up that has, and will, result in bears
spending longer periods on land where they have limited access to food (Stirling et al.
1999; Regehr et al. 2016; Stern and Laidre et a . 2016; Johnson et al. 2020). Satellite-
derived sea-ice data for the period 1979 to 2014, indicate that the length of the annual
ice-free period in WH is increasing by approximately 9 days per decade (Stern and Laidre
2016). If this trend continues, further reductions in body condition, reproduction, survival
and ultimately the abundance of polar bears are expected to occur (Molnar et al. 2010;
Lunn et al. 2016). Harvest of WH bears is an additional concern that has the potential to
exacerbate subpopulation decline if not managed appropriately.

Within Canada, the assessment of WH status based on scientific knowledge contrasts
with that based on Indigenous Knowledge (IK); as summarized by several authors
(McDonald et al. 1997; Dowsley and Taylor 2006; Tyrrell 2006; Nunavut Tunngavik
Incorporated 2007; Committee on the Status of Endangered Wildlife in Canada 2008;
Dowsley and Wenzel 2008; Canadian Wildlife Service 2009; York et al 2016; PBTC
2021). Canada’s Federal-Provincial-Territorial Polar Bear Technical Committee (PBTC)
assesses WH as ‘“likely declined” based on scientific information and as “increased”

based on IK (PBTC 2021). There is consensus between science and IK that polar bear
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abundance in WH has increased since the 1970’s (Tyrell 2006). There is also agreement
that polar bear distribution has changed, that more bears are being sighted around
communities, that sea-ice breakup is occurring earlier, and that climate change is
negatively influencing seal populations (NWMB 2007). However, in contrast to scientific
evidence, Inuit perceptions of WH do not support the notion that abundance has declined
since the mid-1980’s (Tyrell 2006). Reports of more bears summering on land in the
Nunavut portion of Hudson Bay (i.e., the Kivallig region) and increased incidences of
problem bears around camps and communities have been attributed to factors such as
higher abundance, habituation of bears to human activities such as ecotourism, changes
in behavior due to capture and handling for scientific research, and increasing use of
unmanaged garbage dumps in communities along the Hudson Bay coastline (Stirling and
Parkinson 2006; Dyck et al. 2007; NWMB 2007; Stirling et al. 2008a; Smith et al. 2022).

With the large body of scientific knowledge about observed and predicted declines in
status and the disparities between science- and IK- based assessments, monitoring of
WH has become a priority amongst governments, co-management agencies and
stakeholders. Accurate and timely information is essential for detecting sudden changes
in the subpopulation’s status, if and when they occur (Von Graven et al. 2012; Derocher
2013); assessing population viability (e.g. Lunn et al. 2016); supporting adaptive or ‘state-
dependent’ management measures, such as adjustments in harvest levels (Regehr et al.

2017a, b); and resolving apparently diverging views.

In 2011, the GN adopted the use of aerial surveys for monitoring WH (Stapleton et al
2014). Aerial surveys have been used for decades as a tool in monitoring wildlife species
worldwide. Although their use for studying polar bears is a recent development, they have
proven to be an effective means of monitoring subpopulation abundance, distribution and
reproductive performance (Aars et al. 2009, 2017; Stapleton et al. 2014, 2016; Obbard et
al. 2015, 2018; Dyck et al. 2017; Conn et al. 2021; Wiig et al. 2021). Aerial surveys are
relatively inexpensive and quick compared to the mark and recapture methods that have
typically been used to study polar bears. As such, they are an ideal tool for providing the

frequent information updates needed to support near-real time adjustments in the
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management and conservation of a subpopulation undergoing unprecedented change.
For communities in Nunavut that have expressed concern about the handling of bears or
potential sampling biases in mark-recapture studies, aerial surveys have also offered an
acceptable alternative. Unlike mark-recapture studies, however, aerial surveys do not
provide estimates of demographic parameters such as survival rates, needed for
population modelling and trend projection, nor do they allow sampling of individual bears
to support studies in other areas of priority such as body condition, growth, diet, disease
status, movements, habitat use and contaminant burdens (Von Graven et al. 2012). In
the context of WH, therefore, aerial surveys and mark-recapture are both considered key

components of the monitoring scheme.

A subpopulation wide aerial survey of WH was designed and implemented in 2011
(Stapleton et al. 2014). Based on the results and subsequent simulations, it was
determined this survey should be repeated at 5-year intervals in-order to provide sufficient
power to detect changes in subpopulation abundance (GN unpublished data). The survey
was repeated in 2016 using similar methods (Dyck et al. 2017). Results from both surveys
were used to facilitate status assessment by the IUCN and PBTC, as well as inform local
harvest management decisions (PBSG 2021; PBTC 2021). Here we report the results of
the third scheduled aerial survey of the WH subpopulation, conducted in 2021.

2. OBJECTIVES

The study’s objectives were to:

a) Generate an accurate and precise estimate of polar bear abundance in WH via aerial

survey.

b) Evaluate the distribution of polar bears in WH during the 2021 ice-free season.
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c) Compare results from the 2021 survey with those of surveys conducted in 2011 and
2016 to examine trends in subpopulation abundance, composition and distribution.

3. METHODS

3.1. Study Area

The annual range of the Western Hudson Bay (WH) subpopulation, located at the
southern extent of the global polar bear distribution, stretches across roughly 435,000
km? of Hudson Bay and the adjacent coastline including portions of Nunavut, Manitoba,
and Ontario (Figure 1). WH is part of the Hudson Bay complex that includes the
neighboring Foxe Basin (FB) and southern Hudson Bay (SH) subpopulations (Obbard et
al. 2010; Thiemann et al. 2008, Peacock et al. 2010). Although there is marked spatial
overlap of polar bear movements from these three subpopulations while on the sea-ice
(e.g., Stirling et al. 1999; Obbard and Middel 2012; Sahanatien et al. 2015), past capture-
mark-recapture studies (Stirling et al. 1977; Derocher and Stirling 1990; Ramsay and
Stirling 1990; Kolenosky et al. 1992; Taylor and Lee 1995; Derocher et al. 1997; Lunn et
al. 1997, 2016), genetic studies (Paetkau et al. 1995, 1999; Crompton et al. 2008;
Malenfant et al. 2016; Viengkone et al. 2020), and analyses of satellite telemetry data
(Stirling et al. 1999; Obbard and Middell 2012; Sahanatien et al. 2015; Viengkone et al.
2020) generally support the currently accepted WH subpopulation boundary (Obbard et
al. 2010).

Our study area has been well-described by Brook (2001), Dredge and Nixon (1992),
Ritchie (1962), Clark and Stirling (1998), Peacock et al. (2010) and Richardson et al.
(2005) and includes the areas described by Stapleton et al. (2014) and Lunn et al. (2016).
The terrestrial portion of the study area stretches for approximately 1,500 km from about
35 km southeast of the Manitoba-Ontario border and northwards into Nunavut
(approximately 20 km south of Chesterfield) (Figure 1). In addition to Rankin Inlet, the

communities of Whale Cove and Arviat (Nunavut) and Churchill (Manitoba) are located
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within the boundaries of WH. In general, the southern portion of the study area displays
the characteristics of the Hudson Plains ecozone and the Coastal Hudson Bay and
Hudson Bay Lowlands. As described by Dyck et al. (2017), the northern portion exhibits
Taiga and the Southern Arctic ecozone (Ecological Framework of Canada 2016). Where
trees (black spruce [Picea mariana], white spruce [P. glauca], and tamarack [Larix
laricina]) are quite common in the southern extents, dwarf birch (Betula nana), willows
(Salix spp.), and ericaceous shrubs (Ericaceae spp.) are the norm to the north. The near-
coastal southern areas exhibit elevated beach ridges, marshes and extensive tidal flats.
There is very little relief (<200 m) with underlying continuous and semi-continuous
permafrost. Sea-ice is absent in this region generally from July to November (Stirling et
al. 1999; Scott and Marshall 2010; Stern and Laidre, 2016), and biting insects are plentiful

during the summer (Twinn 1950).

Spatial separation of WH polar bears from individuals in neighboring subpopulations of
the Hudson Bay complex is most complete during the late summer and early fall ice-free
season when bears are on land (Peacock et al. 2010). Polar bears of WH come ashore
when sea-ice levels diminish to < 50% (Stirling et al. 1999; Cherry et al. 2013, 2016),
which generally occurs during July (Stern and Laidre, 2016). Once on land, the bears
segregate by sex, age class, and reproductive status within the study area where they
exhibit fidelity to their terrestrial summer retreat areas (Stirling et al. 1977; Derocher and
Stirling 1990). In general, adult males are found along the coastline, pregnant females
and females accompanied by offspring are found in the interior denning area, which is
mostly included within Wapusk National Park, and subadults are distributed throughout
the study area (Stirling et al. 1977; Derocher and Stirling, 1990; Ramsay and Stirling 1990;
Clark and Stirling 1998; Clark et al. 1997; Richardson et al. 2005; Stapleton et al. 2014).
When sea-ice reforms during November, all bears except pregnant females return to the
ice. Pregnant females give birth in terrestrial dens during December and early January,
and these family groups generally depart their dens in March and April to return to the
sea-ice (Jonkel et al. 1972; Stirling et al. 1977; Ramsay and Stirling 1988).

3.2.  Survey Design and Field Methods
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3.2.1. Survey Timing

The polar bear aerial survey was conducted in late August to early September 2021. This
survey window during the ice-free period was selected because (a) all polar bears of the
WH population are forced to be on land during this time; (b) range overlap between
subpopulations within the Hudson Bay complex reaches a minimum, since polar bears
exhibit a high degree of fidelity to terrestrial habitats during this period (Derocher and
Stirling 1990; Lunn et al. 1997; Stirling et al. 2004; Parks et al. 2006); (c) the absence of
ice and snow means that polar bears are readily observable against the landscape; (d)
pregnant females are less likely to have begun denning yet and can be detected while
moving towards their inland denning area (Stapleton et al. 2014); (e) non-denning bears
have not yet begun to make directional northerly movements as they are known to do in
the late fall, prior to freeze-up (e.g., Stirling et al. 1977; Derocher & Stirling 1990; Stirling
et al. 2004); and (f) the two previous surveys in 2011 and 2016 occurred during a similar

window.

3.2.2. Stratification

Like the 2011 and 2016 surveys (Stapleton et al. 2014; Dyck et al. 2017), we implemented
a systematic, stratified study design to allocate sampling effort and improve estimate
precision. For consistency, we used the same strata and sampling transects as the 2016
survey; themselves a modification of those used in the 2011 survey (Figure 2). The
survey strata included the following derived polar bear density distributions: 1) very low,
2) low, 3) moderate, and 4) high. Descriptions of these strata, as provided by Dyck et al.
(2017) are presented in Table 1. Polar bears tend to congregate along or near the
shoreline during the ice-free season (Derocher and Stirling 1990; Towns et al. 2010), so
overland transects were oriented roughly perpendicular to the coast (i.e., against the
coastal density gradient; hereafter denoted as perpendicular transects) to improve
precision and minimize potential biases (Figure 2; Buckland et al. 2001).
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3.2.3. Aircraft

One de Haviland Twin Otter fixed-wing aircraft with radar altimeter and an Airbus AS
350B2 twin engine rotary-wing aircraft with radar altimeter were used to complete the
survey. All aircraft throughout the survey maintained, as close as possible, an altitude of
400 feet above ground level (AGL) and an air speed of between 70 and 90 knots for the
fixed-wing, and 70 to 80 knots for the rotary-wing aircraft while flying on transect. The
Twin Otter fixed-wing aircraft was used to complete the low-density stratum within
Nunavut and the very low and moderate density strata west and north of the high-density
stratum bounded by the Churchill River, Manitoba, in the south. The twin engine fixed-
wing and its ability to fly on one engine was chosen to increase safety while flying over
extensive open water transects characteristic of the northern half of the survey study area

within Nunavut.

3.2.4. Double Observers

The double observer pair (sight/resight) method is a variation of physical mark-recapture
(Pollok and Kendall 1987). The aircraft's front and rear observers comprise two
independent survey teams, visually ‘marking’ (i.e., front observers’ sighting) and
‘recapturing’ (i.e., rear observers’ resighting) polar bears. Observer teams must be
independent to estimate detection probabilities. This resultant information provides an
independent estimate of the number of bears present in the survey strip that were not
observed by either team (Laake et al. 2008; Buckland et al. 2010).

The double observer pair method requires two pairs of observers on each of the left- and
right-hand sides of the aircraft (Figure 3) (Buckland et al. 2001; Pollock and Kendall 1987).
One “primary” observer sits in the front seat of the aircraft and a “secondary observer” is
located behind the primary observer on the same side of the aircraft. To ensure visual
isolation, a barrier was installed between same side observers to remove any visual cues
that could modify an observer’s ability to sight the animal. Observers waited until bear

groups passed before calling out the observation to ensure independence of
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observations. The data recorder/recorders categorized and recorded counts of each bear

(group) into “primary only”, “secondary only”, and “both”.

3.2.5. Fixed-Wing

Within the fixed-wing aircraft, we utilized an 8-person platform; 4 dedicated observers, 2
data recorders (for each of the left and right primary and secondary observer pairs) and
a pilot and co-pilot. Observers within the fixed-wing survey crew included members of
Hunters and Trappers Organizations in the Kivalliq region of Nunavut. The observers
were further divided into primary and secondary teams, each isolated from the other using
visual barriers between the seats as well audio barriers using two independent intercom
systems monitored by each of a primary data recorder/navigator and a secondary data
recorder/navigator. The pilot’s responsibilities were to monitor air speed and altitude while
following transects pre-programmed on a Garmin 650T Geographic positioning system
(GPS). The data recorder/navigators were responsible for monitoring a second and third
identically programmed GPS unit for the purposes of double-checking the position as well
as to record the geographic position, body condition, composition and numbers of
observed polar bear groups on data sheets.

The positioning of the four observers within the aircraft differed during and between
survey days and was adjusted to account for any possible variability in sightability or the
detection of polar bears associated with seat position. The front and rear observer
exchanged spots mid-day, and the left and right sets of observers changed periodically.
The data recorders and pilots did not vary their position within the aircraft and remained

consistent during the survey.

3.2.6. Rotary-Wing

The AS 350B2 only allowed for a four-person configuration due to weight and balance

issues while carrying full fuel as well as seating configuration. Using this configuration

only the secondary observers were dedicated observers while the left primary observer
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seat was occupied by a data recorder/observer and the right primary position by a
pilot/observer. Additionally, observers could not exchange primary and secondary
positions using this configuration to determine sightability differences between seating
positions. While the methods used during this study generally followed those used by
Stapleton et al. (2014), it is important to note that no pooling of front and rear observers
was made. All observations made during this study were independent.

3.2.7. Distance Sampling

In addition to the deployment of the double observer pair method within all aircraft, we
also collected observations using distance sampling. The distance sampling method
followed Buckland et al. (1993, 2004, 2010) and used the mrds (Laake et al. 2012) R
package (R Development Core Team 2009) to model stratified line transect observation
data and estimate density and abundance for polar bears. Using the conventional
distance sampling approach (CDS), we modeled the probability of detecting a group of
polar bears and their densities within five delineated strata as a function of distance where
the detection function represents the probability of detecting a group of polar bears, given
a known distance from the transect (Buckland et al. 2001). Recognizing that other
variables may affect the detection probability, density estimates were also derived using
multiple covariate distance sampling (MCDS), which allowed us to model probability of
detection as a function of both distance and one or more additional covariates (Buckland
et al. 2004). This approach was explored in-order to increase the reliability of density
estimates made on subsets of the data based on terrain, vegetation, and environmental
conditions, and to increase precision of the density estimates within each unique density-

derived stratum (Marques et al. 2007).

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

recorded.

3.2.8. Observations

Polar bears observed while flying along a transect line were considered on-transect while
those observed while ferrying to, from, or between transects, or to bear and/or wildlife
sightings, were considered off-transect. Because polar bears are often found in groups,
each observation (whether an individual or group) represented a group of polar bears. In
this work a group of polar bears was defined as one or more individuals within a visually
estimated 100-meter radius of one another. All observations were investigated by moving
off the transect line to the center of the group as they were initially observed, to record
the location, group size, sex/age classes, body condition.

We determined sex and body condition, to the extent possible, from approximately 30
meters altitude. Sex of bears was determined based on body size, the presence of
morphometric characteristics (e.g., such as scars, large head, thick neck, long fur on front
legs, vulva patch and urine stains) and behavior when encountered (SWG 2016). Age-
class assessment from the air can be accomplished reliably for adult males, pregnant
females, and members of family groups (Government of Nunavut, unpublished data;
SWG 2016). Based on these methods, polar bears were classified as male or female,
and as adult males (6+ years), adult females (5+ years), subadult males (2 to 5 years),
subadult females (2 to 4 years), yearlings (>1 and < 2 years), and cubs-of-the-year (<1

year).

A general, relatively robust though subjective fat index has been successfully used in past
studies to assess body condition of polar bears (Stirling et al. 2008; SWG 2016; Laidre et
al. 2020a, b; Dyck et al. 2020a, b; Dyck et al. 2022). Standardized body condition indices
[i.e., poor (1), fair (2), good (3), excellent (4) and obese (5)] were scored for each

individual bear (Stirling et al. 2008). Each aircraft had at least one experienced biologist
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on board who could identify age classes and body conditions of observed bears with

confidence.

Additional covariates that could affect detection probabilities were recorded for each
group including activity when first sighted, height and density of surrounding vegetation,
habitat class, visibility, cloud cover, glare and general habitat description (Table 2).
Observation times were kept to a minimum to reduce disturbance and stress. All
distances to the observations were measured perpendicularly from the transect line to the
center of the observation and recorded along with the observation’s date and time of day.
It was assumed that the bear location at initial observation was determined accurately
with no effect of movement after detection on estimated distance from the transect line.
The distance from line was then estimated using shapefiles of transect lines with GIS
methods. All aircraft deployed the distance sampling methods and collection of covariate
data consistently across the study.

3.2.9. Coastal Contour Transects

Like the 2011 WH survey (Stapleton et al. 2014), we additionally surveyed along
comprehensive coastal contour transects covering the entire coastline of WH,
independent of the transect flown perpendicular to the coast. Contour transects were
flown at or slightly below the high-water line (HWL) with one side of the aircraft dedicated
to monitoring tidal flats and near-shore waters (i.e. swimming bears). We surveyed along
coastal contours as close to high tide as possible to minimize tidal flat exposure and
reduce the need to double-back to ensure that the coastal zone was comprehensively
covered. Observers looked for bears as far as they could reasonably see, not within a
pre-defined strip width. Because perpendicular transects were extended to the shoreline
and over tidal flats (where applicable), some bears along the shoreline could be sighted
from both perpendicular and coastal transects. Bears sighted on tidal flats or in nearshore
waters were considered within the coastal zone (i.e., on land, where area could be

estimated with GIS) in order to calculate density. Although collected, coastal contour data
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are not analyzed and present in this report since such data were not collected during the

2016 survey thus preventing comparison of the three surveys.

3.3. Data Analyses

3.3.1. Data Screening and Truncation

Data was initially screened for outlier observations that occurred at far distances therefore
creating a tail on the detection function that can be difficult to fit. A right truncation distance
that eliminated the upper 5% of observations was considered to minimize the influence
of these observations (Buckland et al. 1993, Stapleton et al. 2014). The blind spot under
each aircraft was estimated using geometric formulas. From this, left truncation distances
were estimated for the twin otter as 98.9 m and approximately 70 m for the AS350B
helicopter. Adjusted distance from the transect line was then estimated as the distance

from the transect line minus the left truncation distance for each aircraft.

Like the survey in 2016 (Dyck et al. 2017), but unlike that in 2011 (Stapleton et al. 2014),
we left truncated both the front (pilot and data recorder) observations from the helicopter
rather than only left truncating the rear observations. The rationale for this was that we
wanted to keep the data sets as similar as possible for the double observer analysis.
There were 3 observations of 7 bears that were only observed in the rear observer blind
spot by the front observers in the helicopter. Therefore, the degree of reduction due to

left truncation of the helicopter data was not large.

3.3.2. Distance Sampling Double Observer Analysis

Analysis methods

Mark-recapture distance sampling methods were applied to the survey data (Buckland et
al. 2004, Laake et al. 2008a, Laake et al. 2008b, Buckland et al. 2010, Laake et al. 2012).
A mark-recapture / distance sampling model assuming point independence was used

which allows estimation of the detection probabilities at the transect line (or left truncation
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distance) using independent double observer methods with distance sampling methods
used to model the decline in sighting probabilities as a function of distance from the survey

line.

Covariates that affected bear sightability were considered that included environmental,
observer and survey factors (Table 3). These covariates included group size, aircraft
type, observer, and visibility. Like the 2016 survey, a remote sensing-based covariate
(RSveg) based on LANDSAT 8 vegetation classification was also considered (Figure 5).
The rationale behind this covariate was that it would systematically index dominant
vegetation types in the proximity of observations therefore providing the best comparison
of habitat and potential obstruction of observations across all observations. The main
categories in Figure 5 that were present in the study area were gravel, shrub, trees, low

vegetation, and water.

The twin otter fixed-wing aircraft had 2 dedicated observers per side of the aircraft. The
A-star helicopter had 2 dedicated surveyors in the back seat of the helicopter and the pilot
and data recorder/navigator as observers in the front. The pilot and data/recorder did not
have the same view as the observers and were distracted by piloting the helicopter and
navigating/data recording. Therefore, special covariates were formulated for the pilot and

data recorder/observers in this aircraft.

Distance model fitting

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

used as an index of model parsimony with lower scores indicating a model that explained
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the most variation in the data set with the least number of parameters. The difference
between the most supported model and given model was evaluated (AAIC) to indicate
relative support with models with AAIC values of less than 2 being of interest. Akaike
weights were used to estimate proportional support of models. Models were averaged
based on AlICc weights using the AICcmodavg (Mazerolle 2016) package in program R
(R Development Core Team 2009). The AIC score indexes relative fit but does not
provide a test of overall goodness of fit. Goodness of fit tests incorporated the mrds
package as well as graphical methods were used to further evaluate fit of the most

supported models.

Abundance estimates were derived for the most supported models with variances being
estimated assuming sequential systematic sampling (the S2 estimator in mrds). This
estimator accounted for sequential lines sampling in the survey (Innes et al. 2002,
Fewster 2011).

3.3.3. Trend Analyses

Given the previously observed declines in WH abundance and predictions regarding
future decline, we examined estimates from the current series of 3 aerial surveys that
have been conducted at 5-year intervals for evidence of decline. Data from the previous
2 projects were re-analyzed using the same methods (Dyck et al 2017). Trends in polar
bear abundance estimates from the 2011, 2016 and 2021 WH distance sampling surveys
were initially compared graphically. Estimates of trend were then derived using ratios of
estimates. A simulation approach that assumed log-normal distributions of estimates was
used to test for significance between successive estimates as well as confidence limits
on overall (gross) change and yearly change in estimates. Log-normal distributions were
assumed since they best describe the distribution of estimates from distance sampling
and are also assumed when estimating confidence limits of estimates (Buckland et al.
2004). One thousand simulations of estimates were generated from a log-normal
distribution for each year. The proportion of simulations where gross change (the ratio of

successive estimates i.e. N1:N2) was greater than 1 was tallied. If this proportion was
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less than 0.05 then a significant decline was suggested. We note this test is equivalent to
a one tailed test between two abundance estimates testing for evidence of decline (null
hypothesis Ho: N2=N; and alternative hypothesis Ha: N2<N1). Confidence limits were then
derived based on the 2.5" and 97.5" percentile of the resulting distributions of gross (GC)
and annual change (with A = GC(/survey intenval)) The 1-tailed hypothesis provides a more
powerful test for decline than a 2-tailed test (which tests if the 2 estimates are equal). A
1-tailed test was justified given previously observed and predicted declines in the

subpopulation; a question of key management interest.

To explore whether change was occurring within specific segments of the subpopulation,
abundance estimates from 2011, 2016, and 2021 were post-stratified to derive estimates
for adult males, adult females, and subadults. Trends within these segments were
examined. Finally, there was interest in assessing whether change was occurring evenly
across the study area or whether there were geographic patterns in change. To explore
this, the 2011, 2016, and 2021 study areas were divided into Nunavut (Area 3), the area
from Nunavut to the Nelson River (Area 2), and from the Nelson River to eastern boundary
of WH in Ontario (Area 1). To do this required dividing the moderate strata used in 2011
and 2016 into a moderate north and south strata as was used in 2021. Estimates were
derived based on strata in these areas for overall estimates as well as estimates of
age/sex groups. The 2011 strata were redrawn and the areas of the 2 new strata double

checked to make sure they were similar to the original single stratum.

Distance sampling analyses were conducted using the mrds (Laake et al. 2012) R
package (R Development Core Team 2009). Data was explored graphically using the
ggplot (Wickham 2009) R package with GIS analyses conducted using the simple
features (sf) (Pebesma 2018) R package and QGIS program (QGIS Foundation 2020).

4. RESULTS

4.1. Survey Timing and Effort
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Extensive forest fires across Canada in the summer of 2021 limited the availability of
suitable aircraft and delayed the planned start of 2021 WH polar bear survey by
approximately 1 week. The survey was flown between August 21st and September 6™,
This compares to survey windows of August 13" to 29" and August 12t to 215t in 2011
and 2016, respectively. Using 50% sea-ice cover in WH as an index of ice break-up (e.g.
Laidre and Stern 2016), the 2011, 2016 and 2021 surveys were conducted at 67 to 83,
55 to 64 and 65 to 81 days post-break-up, respectively.

Including weather-related delays, 2021 survey strata between Chesterfield Inlet and
Churchill, flown using the Twin Otter, took 6 days to complete (August 21-27). The
remainder of the study area, flown by helicopter, took 13 days (August 24-September 6).
Approximately, 41 and 72 hours were flown with the Twin Otter and helicopter,
respectively, for an estimated total distance of approximately 17,000 km, including ferry
time. Weather during the survey was good and allowed for completion of all transects

and coastal contour surveys.

4.2. Summary of Observations

Overall, 194 bears in 125 groups were observed during distance sampling with 176
observed on transect and 18 observed off transect (Table 4). Group sizes ranged from
single individuals up to groups of 6. Eighteen cubs-of-the-year (COY) and 17 yearlings
were observed. Mean litter sizes were 1.46 (SD: 0.50; n = 13) and 1.39 (SD: 0.63; n = 13)

for COYs and yearlings, respectively?.

Polar bear sightings were not uniformly distributed across WH (Figure 6; Table 4). Similar
to surveys in 2011 and 2016, the highest concentrations of bears were documented in
the high-density stratum, encompassing the historical Environment Canada study area,
including Wapusk National Park and along the coast of southeastern WH. Eight percent

YIncludes off transect observations
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of observations were in Nunavut. In general, observations were concentrated along or
near the coast throughout the subpopulation (Figure 6). However, inland bears >10 km
from the coastline were often recorded in the high-density stratum and less frequently
observed in the southeastern portion of WH (the southern moderate density strata). Adult
males were concentrated along the coast. In contrast, lone adult females or adult females

with offspring, either COY or yearlings, were most often observed inland.

4.3. Abundance Estimation

4.3.1. Truncation of Observations

Observation data were left and right truncated (based on 97™ percentile of distance from
line after adjustment for left truncation) (Table 5 and Figure 7) yielding a dataset of 154
bears for analyses. Left truncation was based on measured blind spots for each aircraft
and eliminated data not available to both observers. Using the right truncation distance
(2100 m) eliminated excess observations at the tail end of the detection histogram that
would exert influence on fitting of detection functions. A sensitivity analysis was

conducted to validate the right truncation distance (Appendix 1).

4.3.2. Covariates

Habitat classes (as classified by observers) did not have sufficient sample sizes to allow
modelling of detection functions for each class. These were pooled into similar categories
(Figure 8). Overall, the detection histograms for each category were relatively similar
(when considering differences in sample sizes). The remote sensing vegetation
classification (RSveg) was also pooled into 3 categories (Figure 9). The detection
histograms for each category were also relatively similar (when considering differences
in sample sizes). When plotted on a map, both of these pooled vegetation classifications
corresponded to shoreline and inland habitats (Figure 10). Other descriptors of
vegetation, recorded for each bear observation, were vegetation height and density. Low

density vegetation generally corresponded with vegetation of low height (Figure 11).
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Vegetation density also corresponded to general habitat class with the shore/tidal areas
mainly having low vegetation class ratings (Figure 12).

Group size can influence detectability. However, the relative range of group sizes was
small with most observations being of single bears and few large groups over 3 bears
(Figure 13). A bear’s activity when first observed was also considered. Observations
were pooled into 4 main categories of activity (Figure 14). Visibility was recorded, with the
majority of observations 101 of 102 being in clear to broken conditions and only one
observation in fog. Glare, based on sun angle, was also recorded with 91 of 102

observations having no glare. Sun angle was overhead for most observations.

4.3.3. Summary of Double Observer Data

Sample sizes for observers were much higher for the helicopter that flew the higher
density strata. Detection probabilities ranged from 0.6 to 1 (Table 6). Detection
histograms amongst individuals were relatively similar for the helicopter-based observers
(Figure 15). Low sample sizes precluded assessment of individual histograms for the
Twin Otter-based observers.

A related issue occurred with the helicopter where the pilot and a potentially weaker
observer were on the right side of the aircraft for the majority of the survey (Figure 16).
This potentially resulted in a reduced number of observations on this side of the aircraft.
To assess this issue, models were fit to exactly test the difference in detection function
and double observer probabilities of sighting on the line for the right side of the helicopter.
A HeliSide covariate was used which modelled detection functions (distance sampling) or
detection probabilities at the line (MR analysis) for the right and left side of the helicopter
and fixed-wing (sides pooled given limited sample sizes). Results of this analysis,
presented in appendix 1, found little evidence of differences in detection function between

the left and right side of the helicopter.

4.3.4. Model Selection
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The first phase of model selection was assessment of covariates (Table 3) that describe
the shape of the distance sampling detection function (Table 7). None of the covariates
had substantial support with a constant hazard rate model being most supported. A
variety of models had some support as indicated by AAICc scores of less than 2. The
next step was assessment of variation in sightability near the aircraft from double
observer models. The most supported distance model (hazard rate constant) was used
for this analysis. Of covariates considered, vegetation density (VegDensity) had the

highest support (Table 8).

The most supported distance and double observer models were combined (Table 9).
Minimal variation was detected in the detection function based on covariates. A constant
distance sampling model showed the highest support with double observer detection
varying with vegetation density. Other models with helicopter navigator/data recorder and
habitat class as covariates were supported, however, the sensitivity of abundance

estimates (N) to model variation was low.

Goodness of fit of model 1 (Table 9) to the distance sampling (x?=4.7, d.f.=4, p=0.31),
mark-recapture (x?=15.3, d.f.=12, p=0.23) components was adequate with adequate
overall fit of (x>=20.1, df=12, p=0.23). A Von-Mises test also suggested adequate fit (Test
statistic=0.028, p=0.98). Plots of fit to the model 1 suggest reasonable fit of predictions
to front (observer=1) and rear (observer 2) observations as well as duplicate observations
(seen by both observer) (Figure 17). Also suggested is minimal dependence between
observer detections (as suggested by no directional trends in histograms by distance
which indicate conditional probabilities). The mean single observer probability at the line
for model 1 was 0.69 (SE=0.04, CV=0.07) with a combined (both observers) probability
of 0.89 (SE=0.04, CV=0.46). Figure 18 shows predictions from model (DS (HR(.),
MR(VegDensity) with predictions further delineated by VegDensity category and also
group size observed, as represented by data point size
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Estimates of abundance from the most supported model (Table 9, model 1) by strata are
given in Table 10. A model averaged estimate of abundance using the models in Table
9is 618 bears (SE=119.3, CI=425-899, CV=0.19). Of additional interest was a breakdown
of estimates by adult males, adult females and subadults. Post-stratified estimates for

these groups are presented in Table 11.

4.4. Abundance Trend Analyses

Data sets from WH aerial surveys conducted in 2011 and 2016 were analyzed and the
results compared with those of the 2021 survey. A visual comparison of distance
sampling total abundance estimates suggests a decrease in abundance from 2011 to
2021 (Figure 19). Additionally, post-stratified estimates suggest a decrease in the adult
female and subadult classes with no apparent trend in adult males (Figure 19).

Gross and annual changes were estimated using the ratio of survey estimates with
confidence limits calculated assuming a log-normal distribution of estimates for adult
males, adult females, subadults, and all bears (Table 12). The annual rate of growth
changed from 0.90 for subadults to 1.00 for adult males for the period 2011-21. The
estimate of gross change was significantly lower than 1 for the 2011-21 interval for
females, subadults, and all bears (at a=0.1) suggesting declining abundance. This
estimate was based on the proportion of log normal simulations where the estimate from
2021 was greater than the estimate of 2011. Similar results were derived from standard

t-test comparisons of estimates (Appendix 2).

Of further interest was geographic trends in each sex and age class. Downward trends in
adult females and subadults were suggested in Area 2 with less distinctive trends in other
areas (Figure 20). Trends were significant for adult females and subadults between 2011

and 2021 for Area 2 but were not significant in other areas (Table 13).

45. Polar Bear Mortalities
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Three polar bear carcasses were found while conducting the 2021 WH survey (Figure
21). Based on body size and dentition, one appeared to be an adult female and another
a subadult. The third was identified as a 21-year-old adult male of known age, based on
previous capture and tagging records. All three carcasses were in advanced stages of
necrosis making cause of death difficult to determine. However, the adult male was noted
to be in poor body condition making starvation a potential contributing factor in this case.
A fourth polar bear carcass, that of an 18-year-old adult female, was found in WH in
August 2021 during polar bear research unrelated to the aerial survey (S. Atkinson pers.
obs). In 2 of the 4 cases, polar bears were observed feeding on the carcasses of their

conspecifics.

5. DISCUSSION

5.1. Distribution

With some exceptions, discussed later in this report, the summertime distribution of polar
bears within WH in 2021 (Figure 6) was broadly similar to previous surveys in 2011 and
2016(Stapleton et al. 2014; Dyck et al. 2017). The northern part of WH extending north
from the Manitoba-Nunavut boundary, referred to as the low-density strata or Area 3 in
this study, contained relatively few bears. Eight percent of bear observations recorded
during the survey were found in this region, along the coast and offshore islands,
compared to 6% and 5% in 2011 and 2016, respectively (Stapleton et al. 2014; Dyck et
al. 2017). In the area extending Northwards from the Nelson River up to the Nunavut
border, referred to as Area 2 in this study, the highest densities of bears occurred along
the coastline. However, we also encountered a significant number of individuals far inland
(>10 km), mostly within the bounds of Wapusk National Park. In contrast, virtually all polar
bears in the region from the Nelson River eastward into Ontario (denoted as Area 1) were
highly concentrated in a relatively narrow strip along the coast. In both areas, adult males

were most often found on the coast while adult females tended to occupy areas further
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inland. These patterns of distribution and segregation have been well-documented in
previous studies and attributed to several factors, including variation in the availability of
suitable inland habitats for denning, the avoidance of conspecifics, thermoregulation, and
insect avoidance (Stirling et al. 1977; Derocher and Stirling 1990; Lunn et al. 1997; Clark
and Stirling 1998; Richardson et al. 2005).

Looking at estimates of abundance for the 3 areas of WH (Figure 20), we also found little
evidence that the distribution of bears within WH has changed significantly over the last
10 years. Although, the estimated abundance of adult female and subadult bears in Area
2 decreased significantly between the 2011 and 2021 surveys, concurrent increases of
these types of bears in Areas 1 (Cape Tatnum) or 3 (Nunavut) of WH were not found
(Table 13). This suggests that the observed declines are not the result of more bears
occupying regions to the north or southeast of what has historically been considered the
core summer range of the WH subpopulation. Emigration, reduced survival and/or
reduced reproductive performance could account for the observed declines. However,
the finding that bear numbers (in absolute terms) were unchanged in areas bordering the
northern (Area 3) and southeastern (Area 1) boundaries of the subpopulation between
2011 and 2021, makes emigration a somewhat less plausible explanation for the
observed declines. Increased emigration from WH, if driven by changes in habitat
availability, quality or phenology, such as sea-ice break-up patterns, would likely be
concurrent with, or preceded by, apparent reductions in the abundance of bears in these
‘boundary’ areas. This is especially the case in Area 3, bordering the Southern Hudson
Bay subpopulation, where there are high densities of bears and the distribution of remnant
summertime sea-ice is known to affect the location bears come ashore (Stirling et al.
2004; Cherry et al. 2013).

Given our findings regarding distribution and the low number of bears observed and
estimated in the Nunavut (Area 3) portion of the subpopulation, on-going mark-recapture
studies in WH that focus sampling effort in a core study area centered around Churchill
and Wapusk National Park (Area 2) are unlikely to contain significant bias in estimates of

abundance or vital rates due to unsampled bears in Nunavut. However, relative to
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historical mark-recapture sampling (e.g. Regehr et al. 2007; Lunn et al. 2016), increased
sampling effort is recommended in the area east of the Nelson River (Area 1), along the
coast towards Ontario. As documented by the 2011, 2016, 2021 aerial surveys, and
coastal surveys conducted by the Government of Manitoba, this area is typically occupied
by several hundred bears during the on-land period. In generating estimates of WH
abundance for conservation and management planning, it has been assumed by this and
past aerial survey studies (Stapleton et al. 2014; Dyck et al. 2017) that these bears are
part of the WH demographic unit. Studies are currently in progress to test this assumption

(D. McGeachy per comm.).

5.2. Abundance

The estimated total abundance of WH polar bears in 2021 was 618 bears (SE=119.3,
CI=385-852) based on model averaging. Overall, there was minimal change in estimates
with different models suggesting that this estimate is robust to model selection
uncertainty. The relative simplicity of the most supported distance sampling (constant)
and double observer (vegetation density) models was surprising, given the range of
covariates included in the analyses. However, inspection of histograms from the observed
data does not indicate a large degree of variation in detection functions beyond
differences in sample sizes. The covariate explaining variation in detectability in the
vicinity of the aircraft was vegetation density. Vegetation density was also associated
with vegetation height whereby low-density vegetation tended to be of low height (Figure
8). Support for this covariate suggests differences in detection between the inland versus
coastal areas of WH. Bears occupying inland shrub or treed habitats tended to be harder

to detect than those in open coastal areas.

Similar to the WH 2021 survey, previous aerial survey-based estimates of abundance in
both WH and the neighbouring Southern Hudson Bay (SH) subpopulation (in 2011 and
2016) have all relied on relatively simple models with vegetation density, or a similar
covariate reflecting vegetation density and height, included in top models (Stapleton et al.
2014; Dyck et al. 2017; Obbard et al. 2015, 2018). These earlier surveys have also
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included a covariate describing visibility, based on weather conditions, in some top
models. This covariate was not among top models in the 2021 analysis potentially due
to good survey conditions (i.e. clear, sunny skies) as well as the reduced sample sizes
relative to 2011 and 2016 surveys. Overall, despite some differences in aircraft types
and observers, the similarity of models amongst the 2011, 2016 and 2021 surveys
suggests the sampling methods, maintained across these surveys, are robust and yield

comparable datasets suitable for long-term trend monitoring.

The precision of the 2021 estimate was comparable to that of previous WH aerial surveys
with a coefficient of variation (CV) of 19% compared to 17% for both the 2011 and 2016
surveys. Aerial surveys of polar bears conducted during the on-land or minimal sea-ice
seasons have proven to be a cost-effective monitoring tool in subpopulations where flat
terrain and high densities of bears that show interannual fidelity to on-shore regions
facilitate detections (Stapleton et al. 2014, 2016; Dyck et al. 2017; Obbard et al. 2015,
2018). These types of surveys have yielded abundance estimates with CVs ranging from
11-19%. In contrast, surveys over sea-ice during the spring tend to be more expensive
and have resulted in CVs ranging from 13-39% (Macdonald et al. 1999; Wiig and
Derocher 1999; Evans et al. 2003; Aars et al. 2009, 2017; Conn et al. 2016; Wiig et al.
2021). The relatively poor precision of some ‘on-ice’ surveys is due to low bear densities
and reduced detection probabilities on ice. On-ice surveying of WH is not recommended
for several reasons including potential cost, expected poor precision and the extensive
range overlap amongst individuals of the WH, Foxe Basin and Southern Hudson Bay
subpopulations that is known to occur on the sea-ice (Peacock et al. 2010; Viengkone et
al. 2018). Continued monitoring of the WH subpopulation via summertime aerial surveys

is recommended.
5.3.  Assumptions and Potential Biases
Generating unbiased (accurate) abundance estimates via the distance sampling method

used in the survey is dependent on several assumptions (Buckland et al. 2001). To satisfy

the assumption that bears were randomly distributed with respect to distance from the
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transect line, we surveyed with systematically spaced transects oriented perpendicular to
the coastal density gradient; the same or similar transects flown in previous surveys
(Stapleton et al. 2014; Dyck et al. 2017). A second assumption is that all bears present
on the transect line or at the point of left truncation (i.e. distance zero) when the aircraft
flies over are detected (Buckland et al. 2001). This assumption was evaluated in our
analysis by estimating the combined double observer detection probability. Combined
detection at the point of left truncation was 0.89 in 2021 compared to 0.97 and 0.90 for
the 2011 and 2016 surveys respectively. This suggests that most, but not all, bears ‘on
the line’ were detected. However, this bias was corrected by estimated detection
probabilities on the line using the mark-recapture distance sampling approach.

A third assumption is that bears are not disturbed/displaced from their initial location, by
the approaching survey aircraft, before being observed. This potential source of bias was
minimized by maintaining rapid flight speeds of up to 150 km/hr thus reducing
opportunities for bears to move great distances before detection. Ninety-three percent of
bears were either sitting, laying, standing, walking or swimming and 7% were running
when first observed during the survey. This suggests that most bears did not move or
did not move significantly in response to aircraft. Accurate measurement of the distance
between a bear sighting and the transect line is also essential (Buckland et al., 2001). We
used GPS and GIS to measure distance from the line in accordance with accepted
methods (Marques et al. 2006) that have been used extensively for polar bear aerial
surveys (e.g. Aars et al. 2009, 2017; Obbard et al. 2016, 2018; Stapleton et al., 2014,
2016; Wiig et al. 2021). Assuming bears were recorded at their initial location, as

discussed above, this method should have provided accurate distance data.

Another potential source of bias was the difference in number bear observations between
the left and right sides of the helicopter either due to chance or weaker observers on the
right side that were not accounted for by the mark-recapture distance sampling models.
Although relatively small samples may have limited power, additional analyses to explore
this issue did not provide evidence of bias in abundance estimate (Appendix 1).

Additionally, any potential bias, while affecting the overall abundance estimate would not
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explain differences in abundance trends amongst adult males, adult females and
subadults that we observed between 2011 and 2021.

Polar bears that were entirely hidden from both front and back observers during the
survey would not have been incorporated into the abundance estimate. Two sources of
this ‘availability bias’ were possible in our survey. Some WH polar bears, typically
pregnant females, use earthen dens during the ice-free season, entering them as early
as August (Jonkel et al. 1972; Stirling et al. 1977; Clark et al. 1997; Clark and Stirling
1998; Lunn et al. 2004; Richardson et al. 2005). Although we cannot correct for bears
that were underground and entirely unavailable for observation during the survey, the
number of such individuals was likely low. During the survey we observed numerous
dens, including some that were freshly excavated. When observed, these dens were
inspected from the air but none were found to be occupied. Bear occupying dense
vegetation may also be harder to observe from the air than those in more open habitats.
This reduced probability of observation was accounted for in the abundance estimate by
incorporating a vegetation density covariate in models. Nevertheless, some individuals
sheltering under dense vegetation, such as willows or trees, may be completely
unavailable for observation. In particular, inland areas parts of WH, are tree covered
creating the potential for bears to be unobservable from the air. However, densities of
bears in these areas tend to be low since these treed areas are not preferred habitat for
most bears. Thus, while we are unable to quantify this potential source of availability
bias, our impression was that although trees and brush impeded detection and reduced
sighting probabilities, it is likely that very few bears on or near the transect line were

completely concealed by vegetation.

Directional, or migratory, movements of bears in, out or within the study area during a
survey could lead to under and over counting of bears or observations of the same
individuals more than once. Polar bears in WH make several directional movements
during the on-land period. The first of these involves their migration from sea-ice onto
land in the summer, the timing of which is known to be determined by sea-ice
concentration (Cherry et al. 2013; Cherry et al. 2016; Pilfold et al. 2017). To minimize this
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potential bias, the survey was timed to occur after bears had migrated to land. Using
50% sea-ice cover as an index of break-up (Laidre and Stern 2016), the 2021 survey
occurred 65 to 81 days post-break-up. Although the survey start was delayed due to
availability of aircraft, the survey window was almost identical to that of the 2011 survey
(67 to 83 days post-break-up) but approximately 2 weeks later than the 2016 survey. All
three surveys occurred well after the 50% sea-ice threshold and when Canadian Ice
Service maps indicate that WH was essentially ice-free. Thus, all WH bears should have
been on-land at the start of these surveys. WH bears are also known the make directional
movements northwards later in the fall (Stirling et al. 1977, Derocher and Stirling 1990;
Bohart et al. 2020). Again, the survey was timed to avoid this period thus eliminating
potential for this source of bias. Finally, field work was completed within a narrow
temporal window and the aircraft were able to cover large expanses of land within a single
day. Therefore, distributional shifts within WH during the study period did not impact our

results.

In summary, because this study met analytical assumptions and potential sources of bias
were minimized, we believe the aerial survey-based estimate of 618 bears (SE=119.3,
ClI=385-852) accurately reflects the number of polar bears within the bounds of WH during
August 2021. Any biases in the aerial survey would likely result in an underestimate of
the true polar bear abundance in WH. However, we note that such bias, if present, would
not affect the ability to detect trends in abundance since the same methods (hence the
same biases) were utilized in the 2011, 2016 and 2021 surveys.

5.4. Trends in Abundance

Estimates derived for the WH subpopulation indicated a possible decline in total bear
abundance between 2011 and 2021. The 2011 survey produced an estimate of 949 bears
(95%CI: 618-1280), the 2016 survey an estimate of 842 bears (95% CI: 562-1121) and
this survey derived an estimate of 618 (SE=119.3, CI=385-852) for 2021. Although
differences amongst these estimates were not statistically significant, total abundance

has declined consistently between successive surveys. Significant reductions in the
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number of subadult bears and adult females appear to account for this observed change.
Interestingly, the abundance of adult males remained unchanged during this period.
These changes may be the result of internal demographic processes within WH (i.e. rates
of birth and death) and/or changes in distribution leading to increased emigration of bears
out of WH and into neighbouring subpopulations on a temporary or permanent basis. As
discussed below, a review of multiple lines of evidence provides support for both

hypotheses.

Several lines of evidence suggest that internal demographics have played a role in the
observed decline in WH subpopulation abundance. The finding that abundance of
subadult bears and adult females has declined whilst that of adult males has remained
stable is particularly striking given its consistency with both long-standing hypotheses and
field studies. Reduced recruitment and survival of subadults, hence reduced abundance,
are typically among the first demographics effects to occur within large mammal
populations experiencing density-dependent regulation (Fowler 1987). For polar bears, it
was first predicted almost 30 years ago that negative impacts from things such as climate
change would first appear amongst subadult and adult female bears (e.g. Stirling and
Derocher 1993; Stirling et al. 1999; Derocher et al. 2004; Robbins et al. 2012,
Klappenstein et al. 2020). These two classes of bears have nutritional ecologies that are
likely to make them more vulnerable to deteriorating environmental conditions than other
polar bears. Subadult bears must sustain the energetic costs of growth whilst also gaining
experience in hunting. Adult females have the added costs of repeatedly raising litters of
offspring over periods of up to 2 years, which is predicted to reduce their tolerance of

fasting relative to that of adult males (Robbins et al. 2012; Stirling and Derocher 2012).

A series of field studies have validated the hypothesis that subadult and adult female
polar bears are more sensitive environmental conditions than other classes of polar bears
such as adult males. In some subpopulations, experiencing long-term declines in sea-ice,
reductions in body condition (itself a precursor to reduced survival) have been greater
and/or more readily detected amongst the adult female and subadult classes (Obbard et
al. 2006, Rode et al. 2010; Laidre et al. 2020). In WH, Johnson et al. (2020) found that
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body condition and energy metrics have declined over time in relation to earlier sea-ice
breakup with the most significant effects seen amongst solitary adult females and
subadult males. Studies, including several in WH, have also demonstrated that links
between sea-ice conditions and survival are stronger amongst subadults and adult
females relative to other age and sex classes (Regehr et al. 2007; Bromaghin et al. 2015;
Lunn et al. 2016). For subadults in WH, declining abundance between 2011 and 2021
may also be the result of reduced recruitment. Aerial surveys in 2011 and 2016, found
low numbers of the yearlings compared to other subpopulations suggesting that
recruitment into the subadult age class was poor in these years (Stapleton et al. 2014,
Dyck et al. 2017). Additionally, mark-recapture sampling during this period also suggests
recruitment has been low in multiple cohorts with the number of yearlings, expressed as
a proportion of total captures, being less than 0.06 in 6 of the 10 years (ECCC
unpublished data). A series of years with poor recruitment from the yearling age class,
combined with potentially lowered survival amongst subadult cohorts, may thus have

contributed to the observed decline in subadult abundance.

Changes in distribution leading to increased emigration of bears from WH into
neighbouring subpopulations, such as SH, could also account for some of the variation in
abundance observed across the 3 aerial surveys. Prevett and Kolenosky (1982) found
significant interannual variation in aerial counts of bears along the southern coast of
Hudson Bay in Manitoba and Ontario, around the WH and SH boundary, during the ice-
free period. They attributed this to ice-dependent variation in on-shore arrival locations
suggesting that in years when bear counts on the Manitoba (or WH) side of the boundary
were high counts on the Ontario (or SH) side tended to be low and vice-versa. A series
of subsequent studies utilizing mark-recapture, telemetry and coastal survey data did not
find evidence to support this hypothesis instead finding that WH bears exhibited a high
degree of fidelity to on-shore areas during the ice-free period (Derocher and Stirling,
1990; Kolenosky et al.,1992; Lunn et al., 1997; Stirling et al., 1999; Stirling et al. 2004).
More recently, however, analyses of telemetry data for adult females in WH have found
that the timing of bears’ movements to shore and the locations where they arrive on-shore

are primarily influenced by environmental variables including wind direction, ice
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concentration and ice distribution during break-up (Cherry et al. 2013, 2016; Pilfold et al.
2017; Bohart et al. 2020). In particular, Cherry et al. (2013) found that on average
approximately 12% of WH adult females came ashore outside the boundaries of WH,
typically further south and east, and within the boundaries of the SH subpopulation.
Additionally, WH bears were more likely to come ashore outside WH in years when there
was more remnant summer-time ice in SH relative to WH (Cherry et al. 2013). Based on
these findings, a degree of year-to-year variation in aerial survey-based estimates of WH
should be expected as a result of ice-dependent variation in the locations bear come
ashore. In years when ice remains longer in SH relative to WH, a higher proportion of
WH bears may come ashore within the bounds of SH where they would be included in a
SH rather than WH estimate.

Several lines of evidence support the hypothesis that the observed decline in WH
abundance between 2011 and 2021 was to some degree the result of interannual
variation in the distribution of bears between WH and SH. Aerial surveys of the SH
subpopulation have been conducted concurrently with the surveys in WH in 2011, 2016
and 2021. Pooling estimates from the WH and SH surveys show a decline in total
‘Hudson Bay’ abundance from 2011 to 2016 but no change from 2016 to 2021 (Figure
22). Notably, between 2016 and 2021, the estimated abundance of SH increased by 223
bears while that of WH decreased by 224 (Northrup et al. 2022). Changes in both
subpopulations, at least between 2016 and 2021, could therefore be accounted for by
movement of WH bears into SH. Preliminary results from genetic mark-recapture work
conducted along the coast of WH and SH provide additional evidence to support this
hypothesis. In 2021, biopsy darting conducted as part of a genetic mark-recapture
program found that 22% of bears sampled in SH had been previously sampled in WH
only (McGeachy et al. 2022). In contrast, sampling within WH did not detect any

recaptures of bears previously sampled in SH only.

Although they provide evidence of a potential distribution shift, comparison of abundance
estimates for WH and SH, as well as preliminary findings of the genetic mark-recapture

program should be interpreted with caution for several reasons. First, recent physical
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and genetic mark-recapture sampling effort has been markedly greater in WH relative to
SH. For example, for genetic mark-recapture alone, more than 350 bears were marked
within WH between 2017 and 2020, while none were marked in SH. This disparity in
marking effort would have increased the likelihood of recapturing bears, originally marked
in WH, within SH in 2021 and reduced the likelihood of SH marks being recaptured in
WH. Second, the vast majority of bears marked in WH and recaptured in SH in 2021
were adult males yet the observed decline in WH appears to be due to declining numbers
of subadults and females rather than adult males. Third, adult male bears are likely to
exhibit greater flexibility in where they come ashore to spend the summer. Unlike adult
females they do not require access to suitable denning habitat or in-land areas in which
to avoid infanticide of dependent off-spring by conspecifics (Derocher and Striling 1990;
Stirling et al. 2004). Consequently, trends in abundance resulting from sea-ice related
shifts in summer range are more likely to be observed in WH adult males. Our findings
that adult female and subadult abundance has declined while adult male abundance has
remained unchanged are thus inconsistent with a range-shift hypothesis. Fourth, as
noted above, WH bears exhibit a greater likelihood of coming ashore in SH in years when
there is more remnant summer-time ice in SH relative to WH (Cherry et al. 2013). If an
ice-dependent shift in summertime range were responsible for the observed decline in
WH, sea-ice data for 2011, 2016 and 2021 should show that greater amounts of late
break-up sea-ice were present in SH, relative to WH, in 2021 versus 2011 or 2016.
However, the data suggest sea-ice that remnant sea-ice conditions in July, for example,
were very similar in 2021 and 2011 (Figure 23). Finally, if trends in WH abundance were
due to a distributional shift with bears moving out of WH, this shift would likely also be
apparent within the boundaries of the subpopulation itself. We examined trends in
abundance within 3 zones of WH and found declining abundance within the central or
core zone of the WH summer range (zone 2). However, similar trends were not apparent
in the areas of WH bordering the neighbouring SH and FB subpopulations. Again, these
findings do not support a distribution shift hypothesis to explain the changes in WH

abundance.
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Harvest mortality has also likely contributed to the observed changes in WH abundance.
Dependent on sea-ice conditions, the most recent demographic assessment of WH
projected a long-term population growth rate ranging from 0.97 to 1.02 from 2011
onwards. Between 2011-2021, annual harvest in WH increased in accordance with the
regulated Total Allowable Harvest (GN unpublished data; Figure 24) from a rate of
approximately 2.5% of estimated abundance in 2011/12 up to 6.6% in 20212. Since the
rate of harvest has exceeded projected population growth, a decline in total abundance
between 2011 and 2021 would be expected due to harvest pressure. However, the
apparent decline in adult females and subadults but lack of trend in adult males is harder
to rectify with a harvest-induced effect. Harvest in WH has been sex-selective with an
annual average of 66% males between 2011 and 2021. Subadults have compromised
approximately 26% of annual harvest 3, a level comparable with other subpopulations
(GN unpublished data). Lunn et al. (2016) found that probability of harvest (H) was
highest amongst young adult males (5-9 yrs) and lowest amongst adult females at 0.73
and 0.05, respectively. For subadults, H was 0.44 and 0.28 for males and females,
respectively. Given the higher harvest pressure on adult males compared to other
classes, a harvest-induced change in subpopulation composition would be expected to
appear first amongst adult males rather than subadults and adult females, a pattern not

consistent with our results.

5.5. Reproductive Performance

As discussed earlier in this report, aerial surveys in 2011 and 2016 suggested that
reproductive performance in WH was poor. Relative to neighbouring subpopulations in
the seasonal ice ecoregion, the number of yearlings, expressed as a proportion of all
individuals observed, was low suggesting poor recruitment into the subadult age classes
(Table 14). Similarly, mark-recapture sampling yielded relatively low numbers of
yearlings in 6 of 10 years from 2011 to 2020 (ECCC unpublished data). These findings

2 Based on 2011 and 2021 aerial survey abundance estimates.
3 Data available for the period 2010-2019 only.
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suggest that over the previous decade WH has experienced a series of years with low
recruitment into the subadult age class.

Results from the 2021 survey indicate that yearling numbers were higher and more
comparable with levels seen in other subpopulations (Table 14). A similar improvement
in yearling numbers was also seen in SH in 2021, suggesting conditions in Hudson Bay
over the last few years have been generally favorable for raising offspring (Northrup et al.
2022). Whether this improvement in reproductive performance will continue is unknown.
Regehr et al. (2015) estimated conditions necessary for polar bear population persistence
which included recruitment levels of 0.1-0.3 yearling per adult female and adult female
survival rates between 0.93-0.96. Raw aerial survey observation data indicate that
recruitment was approximately 0.14, 0.15 and 0.31 in 2011, 2016 and 2021, respectively
suggesting that reproductive performance although variable has likely been sufficient. Of
concern with respect to future reproductive capacity in WH, is the apparent decline in
subadult abundance. A reduced subadult cohort will eventually result in cascading
negative effects on reproduction as these individuals enter the adult age classes and
current adult bears begin to either enter reproductive senescence or die (Regehr et al.
2021).

5.6. Mortalities

What appears to be an unusually high number of polar bear carcasses were found in WH
during 2021. Three were located during the aerial survey and 1 during other polar bear
research activities. Based on flying times for both projects, this equates to approximately
3 carcasses per 100 hours of search effort. By comparison, while flying more than 1200
hours conducting aerial sampling of polar bears during the ice-free period in 4 other
subpopulations in the seasonal ice ecoregion, over the last decade, 3 polar bear

carcasses (0.25 per 100 hours) were found (S. Atkinson pers. obs.).

Cause and timing of mortality was unknown in all cases, although starvation was likely

involved in one case. Interestingly, three of the 4 were adults which is somewhat
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unexpected since adult survival rates are higher than other age classes. The observation
of other bears feeding on the carcasses is consistent with previous reports of cannibalism
amongst polar bears (Lunn and Stenhouse 1985; Taylor et al. 1985; Amstrup et al. 2006;
Dyck and Daley 2002; Derocher and Wiig 1999; Stone and Derocher 2007). Amongst
bear species, polar bears display the highest reported levels of cannibalism (Allen et al.
2022). Amstrup et al. (2006) suggested incidences of predation and cannibalism amongst
polar bears may reflect increased nutritional stress within a subpopulation. However, for
the cannibalism observed in WH in 2021, it is unknown whether the mortalities were the

result of conspecific predation or opportunistic scavenging on available carcasses.

Given the high number of carcasses found in 2021 and the fact that at least 3 were adults,
careful documentation of future carcass observations is recommended to assess whether

deeper investigation is warranted.

6. CONCLUSIONS

Ultimately, it is important to stress that we are unable to definitively conclude whether the
finding of declining abundance in WH over the last decade, specifically that of adult
females and subadults, is the result of reduced survival and recruitment, movement of
bears into neighbouring subpopulations (emigration), or harvest pressure. Based upon
the multiple lines of evidence reviewed in this report, it is plausible that all these factors
have contributed to some degree. Of particular concern, however, is our finding that the
observed declines in subadults and adult females are consistent with long-standing
predictions regarding the order in which negative demographic effects will emerge
amongst the different sex and age classes of polar bears due to climate related
environmental change. If these apparent trends continue, the progression of a reduced
subadult cohort into the adult age class, combined with an already reduced adult female
class, reproductive senescence, and mortality amongst older bears, may result in
cascading effects on WH abundance and reproductive performance over the next

decade. We therefore recommend follow-up on these findings in several forms as follows:
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1. Analyses of on-going physical and genetic mark-recapture programs are best
suited to address the uncertainties arising from our aerial survey findings and are
a strongly recommended next step in the assessment of WH. An analysis of
physical and genetic mark-recapture data for 2011 to 2021 is needed to determine
whether demographic effects such as reduced recruitment and survival of

subadults have occurred in WH.

2. Management agencies should consider increasing monitoring efforts in WH by
changing the frequency of future aerial surveys from every 5 years to every 3
years, in the near term. The purpose of this increased frequency would be to
determine whether the subpopulation is entering a period rapid change in
abundance requiring more frequent adjustments in harvest management strategy

than at present.

3. Questions remain about the interannual movements of bears between WH and SH
and the effect these movements have on aerial survey abundance estimates. It is
also unclear whether the significant number of bears, mostly adult males, that
occupy the southeastern coast of WH during the ice-free season are available for
harvest by WH communities or whether these bears function as either an
unharvested segment of the subpopulation or are in fact harvested in SH. Results
from current genetic sampling and telemetry studies in this region are expected to
address these questions and inform WH management. Priority should be placed

on completing these studies.

4. A harvest risk assessment should be conducted to determine the impact of recent

and future harvest under current conditions.

5. The high number of polar bear carcasses found during the WH survey is
concerning. We recommend closer monitoring and reporting of polar bear
carcasses found in WH during future aerial surveys and on-going mark-recapture

studies.
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Figure 1. Boundaries of polar bear subpopulations that are partially or totally under
management from Canadian jurisdictions. These include Southern Beaufort Sea (SB),
Northern Beaufort Sea (NB), Viscount Melville Sound (VM), McClintock Channel (MC),
Lancaster Sound (LS), Norwegian Bay (NW), Kane Basin (KB), Baffin Bay (BB), Gulf of
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Figure 3. Observer position for the double observer method employed on this survey.
The secondary observer calls polar bears not seen by the primary observer after the
polar bear/bears have passed the main field of vision of the primary observer at a point
halfway between same side primary and secondary observers. The small hand on a
clock is used to reference relative locations of polar bear groups (e.g. “Polar bear group
at 3 o’clock” would suggest a polar bear group 900 to the right of the aircrafts
longitudinal axis).
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b’ — b — B established. The streamers are attached to the struts at a and b, whereas a’

and b’ are the window marks. (After Jolly 1969)
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Figure 17: Fit of the most supported distance sampling/double observer model (DS
HR(.), MR(VegDensity)) by observers (front and rear). Predictions are given as points

for 2 levels of VegDensity.
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Figure 3: Post-stratified estimates of each age and sex group for 2011, 2016 and 2021.

The number of bears observed on transect is also given as a data point.
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Figure 21. Two of three polar bear carcasses encountered during the 2021 WH survey.
(Photo credit: S. Atkinson)
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Figure 22. Individual and pooled aerial survey abundance estimates for the Western

Hudson Bay (WH) and Southern Hudson Bay (SH), polar bear subpopulations.
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Figure 23. Mean daily sea ice concentration in WH and SH for the month of July from 2011-2021. We used sea ice
concentration data from the Nimbus-7 SMMR and DMSP SSM/I-SSMIS Passive Microwave data set available from the
National Snow and Ice Data Center (NSIDC). The monthly average was calculated for each 25 x 25 km grid cell over the

eleven-year period.
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Table 1. Description of survey strata used in the 2016 and 2021 WH polar bear aerial surveys. (Source: Dyck et al. 2017).

Strata Name

Description

Very Low Density

These strata and transects represented the inland portions of the survey area outside of the Wapusk National Park
high density stratum boundaries (Figure 2). These strata were divided further into two main areas, one north and west
of the Churchill River up to the Nunavut/Manitoba boundary in the north, and the second south and east of the Nelson
River bounded to the east by Cape Tatnam. The very low-density strata covered only inland transects generally
ending within 20 to 30 km of the Hudson Bay coastline. Transect spacing was irregular but averaged 17 km across
the strata.

Low Density

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

Moderate Density

These strata and transects were divided into two areas, one north and west of the Churchill River up to the
Nunavut/Manitoba boundary in the north, and the second south and east of the Nelson River, approximately 60 km
east into Ontario to the eastern extent of the WH polar bear population boundary. These strata primarily covered a
Hudson Bay coastal strip that was approximately 20 to 30 km wide. Transect spacing within this stratum was 7 km
with transects extended beyond the tidal flats into open water. Recent information collected by the Manitoba
Department of Sustainable Development on summer and spring polar bear habitat including denning sites, spring
emergence habitat, and coastal summer retreat, led this survey effort to modify Stapleton et al. (2014) survey design
to define a moderate-density stratum from Cape Tatham east toward East Penn Island with transects extending
beyond the coastal strip up to 70 km inland into known denning habitat (Figure 2).

High Density

The stratum and transects followed those described by Stapleton et al. (2014). The stratum boundary ran between
the Churchill River in the west to the coast of Hudson Bay in the east with Churchill forming the northern boundary
and the Nelson River approximating the southern boundary. The core of the high-density stratum included Wapusk
National Park which is known to be a high density summering area, and further inland, a heavily used denning area
(Lunn et al. 2016). Transects in this stratum extended up to 100 km inland and were spaced 6 km apart. As with all
other survey strata, all transects were extended 5-30 km beyond the coast into Hudson Bay which enabled the survey
design to include bears either in water or on the extensive tidal flats known to be occupied by bears during summer
and fall periods (Dyck, 2001; Clark and Stirling 1997).
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2 Table 2. Covariates collected for each polar bear observation.

3
Covariate Description
Activity when sighted Sitting, lying, running, walking, swimming, other
Vegetation Height 1=<1Im,2=1-3m,3=>3m
Vegetation Density 1 = sparse/tundra, 2 = moderate, 3 = dense
Habitat Class 1 = open, 2 = water, 3 =shore/tidal flats, 4 = shrub (below bear head
height), 5 = shrub (above bear head height) or trees
Habitat Description Specify general habitat type (e.g. Coastal plain, tundra, beach, rocky
coast, island)
Visibility 1= poor, 2 = fair, 3 = excellent
Cloud Cover Clear, broken, overcast
Glare Effect on observer ability to see bears. 1 = no effect, 2 = moderate, 3 =
strong.
4
5
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Table 3: Covariates considered in the mark-recapture/distance sampling analysis. The

primary use of the covariate for distance sampling analysis (DS) and mark-recapture

analysis (MR) is denoted.

Covariate Type DS MR description

size continuous X X group size

aircraft binary X X helicopter or airplane

helip binary X X Pilot of helicopter

helir binary X X Recorder/Navigator of helicopter.

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

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

Veg_height continuous X Relative height of vegetation (0-3)

Veg_density continuous X Relative density of vegetation (0-3)

Vis binary X Visibility based on weather

observer categorical X Observers (12)

side categorical X Side of plane

Heliside Categorical X Fixed-wing, heli right and heli left categories

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

Activity categorical X X Activity of bear when first observed
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Table 4. Summary of bears counted on and off transect during distance sampling for

the Western Hudson Bay survey 2021.

Strata On/off Bears Groups Mean SD group min max
transect observed observed group size size
High On 92 60 1.53 0.87 1 5
Low On 14 9 1.56 1.01 1 4
Moderate N On 9 5 1.80 0.84 1 3
Moderate S On 61 38 1.61 1.14 1 6
Very Low S On 1 1 1.00 0.00 1 1
total 176 112 1.57 0.97 1 6
High Off 10 6 1.67 1.63 1 5
Low Off 3 3 1.00 0.00 1 1
Moderate N Off 2 2 1.00 0.00 1 1
Moderate S Off 3 2 1.50 0.71 1 2
Total 18 13 1.38 1.12 1 5
Total (on+off) 194 125 1.55 0.98 1 6
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Table 5: Summary of bears included and excluded from the distance analysis based on

left truncation (measured blind spot for twin otter=99 m, ASTAR-73.5m on each side of

aircraft), right truncated (2100 meters after left truncation subtracted). Also, 2 bears

were only observed by data recorders and were not included in the analysis.

Strata Left Included in Only observed by Right truncated
Truncated analysis data recorder

High 13 76 0 3

Low 0 13 1 0

Moderate N 1 7 1 0

Moderate S 1 58 0 2

Total 15 154 2 5

Table 6: Summary of observer detection frequencies and naive detection probabilities

based on frequencies of detections. Note that sample sizes pertain to an event (bears

seen on a side of the aircraft) and therefore will be double the actual number of

observations (given that 2 observers were involved in each observation).

Aircraft Observer Observed missed total naive p
Heli pilot 23 7 30 0.77
Heli Navigator/Data 38 21 59 0.64
Recorder

Heli 1 25 5 30 0.83
Heli 2 51 8 59 0.86
Otter 1 7 1 8 0.88
Otter 2 5 1 6 0.83
Otter 3 5 1 6 0.83
Otter 4 1 4 5 0.20
Otter 5 1 0 1 Constant
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Table 7: Model selection results for distance sampling analysis. The mark-recapture

component of the MRDS model was set at constant for this analysis step. Covariates

are listed in Table 1. The detection function (hr=hazard rate, hn=half normal) is shown

along with covariates. Constant models are shaded. Akaike information criterion (AIC),

the differences between AIC of the given model and most supported model AAIC,

Akaike weight (wi), and Log-likelihood of each model is also shown.

No DF Detection function model AlCc AAICc Wi K LogL
1 hr constant 1621.73 0.00 0.13 3 -807.7
2 hr VegDensity 1622.14 0.41 0.10 4 -806.9
4 hr Helirecorder 1622.72 0.98 0.08 4 -807.1
5 hr HabClassP 1622.91 1.17 0.07 4 -807.2
6 hr Side 1623.11 1.38 0.06 4 -807.3
7 hr VegDensity + Helirecorder 1623.15 1.41 0.06 5 -806.3
8 hn constant 1623.19 1.45 0.06 2 -809.5

10 hn size 1623.60 1.86 0.05 3 -808.7
11 hr VegDensity + Side 1623.68 1.95 0.05 5 -806.5
12 hr Glare 1623.70 1.96 0.05 4 -807.6
13 hr size 1623.71 1.97 0.05 4 -807.6
14 hr Aircraft 1623.90 2.17 0.04 4 -807.7
15 hr VegDensity + VegHeight 1624.06 2.32 0.04 5 -806.7
16 hr VegDensity + HabClassP 1624.36 2.63 0.03 5 -806.9
17 hr HeliSide 1624.60 2.87 0.03 5 -807.0
18 hr RSveg3 1625.02 3.29 0.02 5 -807.2
19 hr VegDensity + HabClassP + Helir 1625.38 3.65 0.02 6 -806.2
20 hr Strata 1626.05 4.32 0.01 6 -806.6

hr ObName 1626.51 4.77 0.01 8 -804.5
21 hr ActivityP 1627.04 5.31 0.01 6 -807.1

hr HabClassType 1628.01 6.28 0.01 7 -806.4
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Table 8: Model selection results for double observer analysis. The most supported

distance sampling model (HR constant) was used for the distance sampling component.

Covariates are listed in Table 1. The detection function (hr=hazard rate, hn=half

normal) is shown along with covariates. Constant models are shaded. Akaike

information criterion (AIC), the differences between AIC of the given model and most

supported model AAIC, Akaike weight (wi), and Log-likelihood of each model is also

shown.

No Double observer model AlCc AAICc Wi K LogL
1 VegDensity 1613.95 0.00 0.30 4 -802.8
2 VegDensity + HeliSide 1615.05 1.10 0.17 6 -801.1
3 VegHeight + VegDensity 1615.81 1.86 0.12 5 -802.6
4 HabClassP 1615.89 1.95 0.11 4 -803.7
5 RSveg3 1616.84 2.89 0.07 5 -803.1
6 VegHeight 1617.82 3.88 0.04 4 -804.7
7 Helirecorder 1617.99 4.04 0.04 4 -804.8
8 Heli pilot 1618.41 4.47 0.03 4 -805.0
9 Position 1619.15 5.20 0.02 4 -805.4

10 Activity 1619.27 5.33 0.02 6 -803.2
11 Helip + Helir 1619.56 5.62 0.02 5 -804.5
12 Side 1620.71 6.76 0.01 4 -806.1
13 ObName 1621.09 7.14 0.01 11 -798.0
14 size 1621.22 7.27 0.01 4 -806.4
15 Constant 1621.73 7.79 0.01 3 -807.7
16 Glare 1621.98 8.03 0.01 4 -806.8
17 HeliRight+HeliLeft+Fixedwing  1622.04 8.09 0.01 5 -805.7
18 HeliRight (only) 1622.27 8.33 0.00 6 -804.7
19 AirPosition 1622.55 8.60 0.00 4 -807.1
20 Aircraft 1623.85 9.91 0.00 7 -804.3
21 Helip + Helir +jb +vt 1624.06 10.11 0.00 6 -805.6
22 Strata 1624.35 10.40 0.00 6 -805.7
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Table 9: Model selection results for composite distance sampling and double observer analysis. The most supported

distance sampling model (HR constant) was used for the distance sampling component.

Covariates are listed in Table 1.

The detection function (hr=hazard rate, hn=half normal) is shown along with covariates. Constant models are shaded.

Akaike information criterion (AIC), the differences between AIC of the given model and most supported model AAIC,

Akaike weight (w;), and Log-likelihood of each model is also shown. Abundance estimates across all strata are given for

reference.
Model selection Abundance
No DSDF DS model Double ob model AlCc AAICc Wi K LogL N CcVv
1 hr constant VegDensity 1613.94 0.00 0.13 4 -802.8 639 19.2%
2 hr VegDensity VegDensity 1614.39 0.45 0.10 5 -801.9 608 18.6%
3 hr Hellir VegDensity 1614.96 1.02 0.08 5 -802.2 619 19.2%
4 hr constant VegDensity + HeliSide 1615.03 1.09 0.07 6 -801.1 648 19.2%
5 hr HabClassP VegDensity 1615.15 1.21 0.07 5 -802.3 605 18.5%
6 hn constant VegDensity 1615.35 1.41 0.06 3 -804.6 578 15.7%
7 hr VegDensity + Bellr VegDensity 1615.44 1.50 0.06 6 -801.3 604 18.8%
8 hr VegDensity VegDensity + HeliSide 1615.57 1.64 0.06 7 -800.2 619 18.8%
9 hr constant VegDensity + Ob_jb 1615.63 1.69 0.05 5 -802.5 638 19.1%
10 hr constant Veg_Height+ VegDensity 1615.79 1.85 0.05 5 -802.6 639 19.1%
11 hr HeliRight VegDensity + HeliSide 1615.87 1.93 0.05 7 -800.3 598 18.7%
12 hr size VegDensity 1615.95 2.01 0.05 5 -802.7 671 21.8%
13 hr VegDensity + Side VegDensity 1615.97 2.03 0.05 6 -801.5 603 18.8%
14 hr HeliSide VegDensity + HeliRight 1616.27 2.33 0.04 7 -800.5 599 18.8%
15 hr VegDensity HabClass 1616.34 2.40 0.04 5 -802.9 596 18.3%
16 hr Veg_HeightP+ VegDensity VegDensity 1616.34 241 0.04 6 -801.7 607 18.5%
17 hr VegDensity+ HeliSide VegDensity 1617.69 3.75 0.02 7 -801.2 599 18.7%
18 hr constant constant 1621.73 7.79 0.00 3 -807.7 622 19.1%
19 hr VegDensity + HeliSide HeliSide 1625.92 11.98 0.00 8 -804.2 578 18.1%
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Table 10: Strata estimates from the most supported DS/MR model (Table 9, model 1)

Strata individuals N SE Conf. Limit CVv
High 76 290 75.01 175 482 0.26
Low 13 76 32.77 33 174 0.43
Moderate N 7 28 21.39 7 113 0.76
Moderate S 58 244 57.08 154 387 0.23
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Table 11. Post-stratified estimates of sex and age groups from model 1 (Table 9).

Group Strata Individuals N SE CIL Clu CVv
Males High 25 89.3 39.7 38 210 0.44
Males Low 8 46.5 18.9 21 102 0.41
Males Moderate N 3 12.1 8.9 3 a7 0.74
Males Moderate S 35 144.0 43.1 80 259 0.30
Males Very Low S 0 0.0 0.0 0 0 0.00
Males Total 71 292.0 69.2 184 463 0.24
Females High 26 102.7 245 64 164 0.24
Females Low 2 11.6 8.5 3 43 0.73
Females Moderate N 2 8.0 8.0 1 45 1.00
Females Moderate S 10 46.1 13.9 26 83 0.30
Females Very Low S 0 0.0 0.0 0 0 0.00
Females Total 40 168.5 35.2 112 253 0.21
Cubs High 9 35.9 15.3 16 82 0.43
Cubs Low 1 5.8 5.9 1 31 1.01
Cubs Moderate N 1 4.0 4.0 1 22 1.00
Cubs Moderate S 1 4.9 4.9 1 27 1.01
Cubs Very Low S 0 0.0 0.0 0 0 0.00
Cubs Total 12 50.6 18.2 25 101 0.36
Yearlings High 7 27.4 11.6 12 62 0.42
Yearlings Low 2 11.6 12.0 2 64 1.03
Yearlings Moderate N 1 4.0 4.0 1 22 1.00
Yearlings Moderate S 6 24.7 13.2 9 68 0.53
Yearlings Very Low S 0 0.0 0.0 0 0 0.00
Yearlings Total 16 67.7 22.8 35 129 0.34
Subadults High 9 35.1 12.7 17 71 0.36
Subadults Low 0 0.0 0.0 0 0 0.00
Subadults Moderate N 0 0.0 0.0 0 0 0.00
Subadults Moderate S 6 24.7 13.7 9 70 0.56
Subadults Very Low S 0 0.0 0.0 0 0 0.00
Subadults Total 15 59.8 19.5 32 112 0.33
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Tablel2. Estimates of gross change (GC), probability that gross change is greater than
1 p(GC<1), and annual rate of change (A) at different survey intervals for distance

sampling estimates.

Interval GC SE Conf. Limit p(GC>1) A SE Conf. limit
Group

2011 to 2016

Males 1.24 0.46 0.66 2.43 0.759 1.04 0.07 0.92 1.19
Females 0.76 0.25 0.41 1.37 0.177 0.95 0.06 0.84 1.06
Subadults 0.49 0.19 0.24 0.97 0.021 0.87 0.06 0.75 0.99
All 0.87 0.22 0.54 1.39 0.282 0.97 0.05 0.89 1.07
2016 to 2021

Males 0.82 0.26 0.45 1.44 0.237 0.96 0.06 0.85 1.08
Females 0.77 0.27 0.42 1.45 0.214 0.95 0.06 0.84 1.08
Subadults 0.70 0.34 0.30 1.59 0.193 0.93 0.08 0.79 1.10
All 0.77 0.20 0.47 1.25 0.144 0.95 0.05 0.86 1.05
2011 to 2021

Males 1.01 0.41 0.50 2.10 0.525 1.00 0.04 0.93 1.08
Females 0.59 0.17 0.34 1.01 0.027 0.95 0.03 0.90 1.00
Subadults 0.35 0.15 0.16 0.72 0.002 0.90 0.03 0.83 0.97
All 0.67 0.18 0.40 1.10 0.056 0.96 0.02 0.91 1.01
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Table 13. Estimates of gross change (GC), probability that gross change is greater than
1 and annual rate of change (A) from 2011 to 2021 for distance sampling estimates for
age/sex groups by geographic region. Estimates are given for adult females, adult
males and subadults.

Area GC SE Conf. Limit p(GC>1) A SE Conf. Limit
Group

Area 3: Nunavut

Males 6.60 16.34 140 5555 0.990 1.21 0.12 1.03 1.49
Females 023 027 0.04 1.00 0.025 0.86 0.07 0.73 1.00
Subadults None observed

Area 2 Nunavut to Nelson River

Males 0.60 0.36 0.22 1.58 0.145 0.95 0.05 0.86 1.05
Females 0.56 0.18 0.31 1.02 0.028 0.94 0.03 0.89 1.00
Subadults 0.28 0.13 0.12 0.63 0.001 0.88 0.04 0.81 0.95
Area 1: Nelson River to Ontario

Males 1.29 1.00 0.46 4.21 0.720 1.03 0.06 0.93 1.15
Females 1.18 0.81 0.44 3.49 0.661 1.02 0.05 0.92 1.13
Subadults 0.53 0.44 0.14 1.76 0.140 0.94 0.06 0.82 1.06
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Table 14. Polar bear litter sizes and number of dependent offspring observed (as proportion of total observations) during
recent ice-free season studies in central and eastern Canada. Data are presented as mean (standard error).

_ Litter Size Proportion of Total Observations Source
Subpopulation
Cubs-of-the-year Yearlings Cubs-of-the-year Yearlings
WeSte”(‘zgtl‘clj)SO” Bay 1.43 (0.08) 1.22 (0.10) 0.07 0.03 Stapleton et al. (2014)
Westerr(mzlglig)son Bay 1.63 (0.10) 1.25 (0.16) 0.11 0.03 Dyck et al. (2017)
Western Hudson Bay 1.46 (0.13) 1.39 (0.18) 0.09 0.09 This report
(2021)
SO“therE‘zgi‘f)SO“ Bay  156(0.06) 1.54 (0.08) 0.16 0.12 Obbard et al. (2015)
SO“therE‘zgfg)SO“ Bay 1 .46(0.06) 1.32 (0.10) 0.19 0.05 Obbard et al. (2018)
Southern Hudson Bay 157 1.47 0.18 0.18 Northrup et al. (2022)
(2021)
Baffin Bay (2011-13) 1.57 (0.06) 1.51 (0.09) 0.19 0.10 SWG (2016)
Foxe 52%31'8)(2009' 1.54 (0.04) 1.48 (0.05) 0.13 0.10 Stapleton et al. (2015)
Davis Strait (2017- 1.42 (0.15) 1.54 (na) 0.12 0.09 Dyck et al. (2022)

2018)
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Appendix 1 - Sensitivity Analyses to Truncation and Observer Issues

a) Right Truncation

Model 1 was also run with distances up to the maximum distance (2210 included) to test
sensitivity of model fit and estimates to right truncation. Model fit was reduced (overall
x?=24.1, df=16, p=0.0.088) with an overall estimate of 650 bears (SE=128.1, Cl=442-966,
CV=19.7%). The reduction of model fit suggested that right truncation was justified with

minimal overall change in estimates.

b) Left Truncation
Data was left truncated at intervals further from the predefined distances up to 100 meters

with minimal change in estimates (Figure A2-1).

c) Sensitivity to Lower Number of Observations on the Right Side of the Helicopter
The right side of the helicopter had the pilot as the front observer and the same individual
as second observer for most of the survey. The number of observations from this side
was reduced with 30 groups observed compared to 59 to the left side of the helicopter.
The difference in detections was modelled using the HeliSide term that allowed for distinct
detection function or detection probabilities for the fixed wing (sides pooled), right side
and left side of the helicopter. A model that allowed distinct detection probabilities for
each side of the helicopter (Table 7, model 4) showed moderate support from the data
(AAICc=1.1) with an estimate that was 10 bears higher than the most supported model.
The main challenge with this analysis is that the actual detection probabilities for the pilot
and right observer as indicated by double observer data suggests reasonable detection
probabilities (Table 4) with the pilot and right observer showing naive detection
probabilities of 0.77 and 0.83. Therefore, missing of observations is not evident from
these probabilities, which could be due to low sample sizes. Detection plots for each
observer (Figure 12) also show observations at the full range of distances and therefore

there is little evidence of differences in detection functions.
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One approach to assess potential bias is to post-stratify the data by side of aircraft. For
this the full data set is used to model detection, and then the right and left side
observations are used for estimates. Estimates from the 2 sides then add up to the total
estimate (Table A2-1). If this is done approximately 40% of the estimate comes from the
right side of aircraft and 60% from the left side. Obviously, it would not be expected for
the 2 estimates to be equal, however, this gives a sense of the difference in estimates by

side of aircratft.

The main potential bias with the right side of the helicopter would be unmodelled
heterogeneity of detection probabilities which are exacerbated when detection
probabilities become lower. Having 2 weaker observers paired together makes it harder
to assess if this is occurring. The amount of data available to model this potential effect

is limiting.

1000 7

750 4

500 7

Abundance estimate

2507

*154 *154 *143 *141 *141 +137

0 20 40 60 80 100
Left truncation distance

Figure A2-1. Model 1 sensitivity to additional left truncation distances. Points are the

sample size of bears used in the analysis.
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Table A2-1: Post-stratified estimates by side of aircraft.

Strata Individuals N SE CIL Clu CVv
right side

High 31 115 49.9 50 265 43.4%
Low 9 52 30.2 18 154 57.7%
Moderate N 2 8 8.1 1 45 100.6%
Moderate S 18 79 29.0 38 161 36.9%
Very Low S 0 0 0.0 0 0 0.0%
Total 60 254 71.1 148 437 28.0%
left side

High 45 175 41.5 110 279 23.7%
Low 4 23 11.8 9 61 50.5%
Moderate N 5 20 20.1 4 112 100.0%
Moderate S 40 166 40.3 103 267 24.3%
Very Low S 0 0 0.0 0 0 0.0%
Total 94 385 73.9 264 560 19.2%
Combined Total 154.00 638.56

(left +right)
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Appendix 2 — Further estimation of trend for age-sex post stratified estimates

We used a simulation methodology to estimate confidence limits on gross and annual
change in post-stratified estimates of males, adult females (excluding cubs and
yearlings), subadults, and all bears. This simulation test is equivalent to a one-sided
hypothesis test for decline where the null hypothesis is that the estimate in the previous
year is equal or greater than the current year Ho: N2=N1 and the alternative hypothesis is
that the current year estimate is lower (Ha: N2<N1). We cross-validated these results
using a standard t-test (Satterthwaite 1946, Zar 1996). Comparison of p-values and pGC
reveals that these two test methods yielded very similar results.

We note that the 1-tailed hypothesis provides a more powerful test for decline than a 2-
tailed test (which tests if the 2 estimates are equal). We felt the 1 tailed test was justified
given that the question of management interest was whether a decline was occurring as
opposed to whether the two estimates were equal. We also note that overlap of
confidence intervals (Figure 20) is not a valid test for statistical significance especially if

the hypothesis being tested is one tailed.

Table 1: Results of t-tests for decline in yearly estimates of age/sex groups for WHB (null
hypothesis Ho: N2=N1 and alternative hypothesis Ha: N2<N1). Degrees of freedom (df) for

each survey and combined degrees of freedom are also given.

Year Estimates t-test simulation
df p-value

group Ni  SE_Ni df N2 N2 SE N2 df Nz ttest (Ni&Nz2) (1-tailed) p(GC<1)

2011-6

Males 289 829 914 357 65.0 224.6 0.65 206.4 0.741 0.759

Females 286 53.1 204.5 219 54.0 1543 -0.89 350.1 0.186 0.177

Subadults 173  38.3 1240 85 24.2 75.3 -1.94 1924 0.027 0.021

All 956 166.3 2449 831 138.6 2175 -0.58 455.7 0.282 0.281

2016-21

Males 357 65.0 224.6 292 69.2 170.0 -0.68 378.9 0.248 0.236

Females 219 54.0 1543 168 352 1928 -0.78 273.9 0.219 0.216

Subadults 85 24.2 75.3 60 195 1089 -0.82 158.7 0.207 0.194

All 831 138.6 2175 639 122.3 1989 -1.04 4137 0.149 0.144
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2011-21

Males 289 82.9 91.4 292
Females 286 53.1 2045 168
Subadults 173  38.3 124.0 60
All 956 166.3 2449 639

69.2

35.2

19.5
122.3

170.0
192.8
108.9
198.9

0.03
-1.85
-2.63
-1.54

208.7
351.6
182.8
427.5

0.512
0.033
0.005
0.062

0.525
0.027
0.002
0.056
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I*I Environment and Environnement et
Climate Change Canada Changement climatique Canada

aJ*UPLo 1 oA (Ursus maritimus) CY>Yy~<r
ARNM-0J Cab* ¢dd AP~J*rPLeLS, 2017-T< 2022-1¢
P J-c*<*/>N Potb®

N TP AR =T, M AL oD <2 & Dct3, V. CAAY, <1 A DPe/*

T dNenrdS <L PP DSdrR-c<lo*LC PPl ba.C, CW-D>L¥Sa* b>MNLAS AbL,

Ao <A< JA>C, A'LCH, JA>C T6G 2E9

2 GN>AD MNo*C oal>Centtdo® <L a<tDB* D oS, <I>NI B>ANA A' 5 B217L D<
Ac>o<54*<<I*,2140 East Bank Drive, AD>_>, <*N>n> KIL 1Z8

3 LoD > YA palD>Cenibde <L DPD>PCEIN AR-—<INNo, AL <PAC <L 5 DLYcnrbdC
<> VA, oINS <L Aboendds <> PAL, NN dA® 28, 59 Elizabeth Drive, C'5\*, LooD< R8N 1X4
4 > YA DLYo® BANTNLAS, Acto<50N<® JA>C, ALLCe, JA>C T6G 2E9




AN Achn oI BBLL®: TP, N, s, A, Db, 4, CAQ. P, <L DEs, <, AL (2023).
a M LM C PP anAS (Ursus maritimus) CDY < LD Cnb>* bon oMo, 2017-
2022 P <*P>N D>ob®, INend*d® <L P >dPe-c<do™LoS IPP*D* ba C, 32 L*AL®,



<Pclroc aAa"rLy®

B>M®E>JC o ML LC <IPRSLAMC <AL Actbo 1S a. oA Cda *L*DC a pcC
B>APNCUPLYT S Cnb o boly o IPa *<r<a- CPDYN® <L o <o TPy

a bAC Pre<o< <I<Cac 2017 <L 2022. ID%P P>*DJC boAD>PNE b>A® >CC a bAS
P a IMUPLAMS AN A=PE IM<dC Pdo- As<lo- CPPY5I<® a bAS a I*UPLo*MC <L
bo% LA PIC>*LMC B>AN M QGICLE CLoSnvs CALY <A B>APNCTAN HMC
A*a A€ 9%UNES, A*a A <o A, A*aPP¥C <Sa AS <L 5 Aa PP<C <UNE,

CAba AP<Ic®N<5d AcNa DS, CLT<5* a A A Mo Ple<ec B*D Acny>c >>eDC
<L TAMC®CP >*DC bM< (57-71% 1<Co< 2017 <L 2019),

A LC*C> >*L 5N a oA bN*LYC Ctd o™l P=a *</<lo CIDYN® (72%) <L > o<lo
CPD>YNA® (28%) o-¥NC. 2021-T, CAbo CLPN<IGA NN b2 LCrA*d< a NA- N oM <lo
CPDYR® <L IPa *</<lg- CPDY<I® b L CAdS Acn <Y >*DS, Pdlé_*o A<lo

P —*PeC Cdd oM <lo- CPDYH®, CAb™LE P LC AJ<oS, <= ND>Al>. b>APNEN*C e >*DJC
183 <o a.n’c® CAb*L® oMo~ CP>YSI<® Cbda *LC 25% a >a A®CP>c >+ IPa *</<lo-
CP>YRA® @ o Mg, 10% C*do™L oM<lo CPDYN<® <L <IM<bd= 5N 65% P> T
Acn<Uia. CAbo 2022 Pdc L D% CLT<5* LoD< <L <=N>ab> Py Pe <L
?dbSa > Hom IPa *</<lg- CPPYR<T <TalagD> 2021-TC. b>MPNC >*DIC 73 a ocC
CAb*LE <o CPDYSRI<® 2021-T >d<I B>APNC A bo-c >*D CAbo 2022; 64%-*"
Ctda *LE B>APNCADbeo* D CAbo oM<la- CPPY 5™ <L > 36% <IPa *</<lg- CPD>Y 5T,
bo% LA PAPLMC, B>APNCD>*DIC 120 a o0 APa *</<lo- CI>YNT 2021-T
D>d<l B>ANPNC A bg-c > 2022-T; 93% <P=a *<r/<lo CYD>YN<IT <L 7% CAbo

o P<lo CP>YN<®, >a APLoH® D% ALLSH D> oM <I% D a bAS IPa *</<lo- CPP>YS<IT CAJ™L
29% <L 5 CAL=H*CD>™ D> oPa-nP5N° oM <lo CPBYN<® CAb™LE 2021 NP<J 2022 LbD<
2 CSa Mg B>ANPYSC @ NPy NJC.



Cnb* ¢d<d 0 C*NNA* a o CocLAbo><I* 5d 5°CGr* D Aa*a *</*L o IGJo
CAbo Pl b Aava ™o APAINKC, Aa® <IUNT @ ISP IS <LpPeeg*CAM e <J<Co
<5GIC (F2, 2220 =4.175, P= 0.02) b™*U>G*LE 5B Cia N> ARNMeod <M a*h>c5 1 <SG
As<lo IPR<ICC*DC PIAC. AN a A a IMUD>bD> o> Ctda *Loc A*a o€ Ia.oC

>R 5+ A*a o< <INa< (F3 185 = 3.57, P= 0.02) PP<lo- b6NP+L*LC b>ratPlaN® AT oC
Pr<lo A= 5=D%® A M =0 A*a o IUNDLS. <D ATIC AL-PNBHCH*D® b oIAa
a IMPLa M QNS 87%, 66%, 7T7% <L 77% A*a S o 1%UN0S, A*a o a0, Ac M =o°

A*a S o0 <YUNDLS, A0 A*a o <‘an <Do.

NNG®P >*DJC A oa*h>NC P> D 1Co < Noen b0 Ac < a bA° CALMoC
D>b>PD>RcSLC B> o5 o 1M 5 C®D CLIT® >P>MNJS <AL <Sa AS <IN <L ACRC
bonDo*LoS CnlP>* ¢d<. a.gy“NJS AL/ P a I*LbC*D Wb Cio*M< a.oAS,
Ao<L*IM bo M7 o oo CPB7 NI /IP*<Pda CPP>7N<L™ a oA“C P ™ D> o%dNC
B>Aa DI bo® D>o*NP*LMC <L <IPR*CHCoio->Nc Crdd b YD>a My>o>NcC
B C A AN C>PLYo <D0 apAS ISNPLYC. CALD AL o> ALAD>Y® DA LC
<> CPo* 0’ a oA CPB>7RAT.



APl

a oA a I*UNAS CL>a. ¢d°d< ALJS PN b'Ada-<DC DPD>*C* Il 19 bPa AS Ac 1<
abAS <AL <ID%P= 5Nk PP<la Cnl>* Pd<lo Aa-b® 5N CAb™Le a SNGA< 5NE, Chd<
TP o>ACAMLE (D™ <L B> PeC 1995, c ADc <P, 2008, NL> <YM, 2008, br<
PP, 2015). CAL=a DL 5<*N5d a A B>< LA A CLo“CA*a < NP>NY~a *CT o°
AP DB NE, DP>HCHD% >5drR-<I*LE b CAL P N<ILNJS <L o>
>P>*C* D% CA>C Pd< bt Ln<ioT™ (YDA I <. 2012, B Cos <IN, 2022).
ACHP=&*< Cnb>* ¢d<, CALANCD >a- Ao™aC <IPR*NENNE P> b oA N o, >d<
D>bD>Pb%rL I AdaD>tdS N> <In<Iba M o< AL 3N D>P>*C*II >Ad o, C*do™L> a0,
(PD™ <L DB 1993, DB <P, 2004, C ADc <™ 5. 2015).
>d<d <P *</<lg- CPD>YR<I® <L o <lo- TR a0 ACHAC <o >L7 ><IGN®
BLYoC > o%D DAL D>dYN-5d pa oo Pl Cnb® /d<d <I>BHC*D® /JADCH D
Lo PYY<REILE o Sd<IBECED® (baD> <L bD> 2005, YD <L <P=¢= 2006, H>"HA"
AP0, 2010). >d<1 <APP* D Ada>NPa*L o oA a “NGAJa So*LC ¢, A<I®Dr®
LECSa®PN5d BASLAS, <L bt >C IPra *</<loo CP>YN® a po® <IdaD>o*h®
0al B Cc*>C, CAbo > & 'L = CM <> NM*Lo° (P> <P, 2013, = <>, 2016,
bede QUMPeL5, 2020). <AdaD>a®h% /dbePHLE <ICE® MM N S5 5Pa * D <L
PN B> 5N AP *<P<loa- CPYN® a o M (D> <L PO 1995b, /D
PP, 1999, PP 5 <P, 2016). L=ah®, D> 0P~ D LN bR-G* <L Cnl>* /d<
CALANSNR® (>'HD>. 2007, > <M. 2016). o<lg- CPD>Y5<I% <Id ATl
Mo y>*"a*\>LC a oA CALMIE <o-J*D< 40 <IGJor, PP<lo- CdPLIc CALN<™

<D<, Ada Do\ >YSHLC Pdbeegl <IGJI (YD <L  ADc, 2016), <L Nrre



Ad <<V <L BLla AlDAa A€ 1<Co 1980 <L> AP<ISo*Lo 2000 (<< <P~ <. 2007,
2016).

a IMPLa NS, D oSaPC, <L PLINR—<INC PLeMgC dPa #</<lo-o-C CPD>Y5v<I® a pAC
(WPr*D® 1) A'WNHPIC a s o' CP>Vo° <L > AYD*bag D AL CC (D> <P 1. 1977,

D P> <L YD 1990, DB <> PO 19953, CAL <L & 1995). CAL=a >L ><1*N=15J
Yo N pa *Lo PP T ALM <L oo CPBYSN® a o™ bN*LYyb* D IPa *</<
CPDYH® L5 <Do Cnb® /d<o o<i< (A~da I M. 2016), CAbo ¢/db=* oL Lo,
D> ¢ € abAS o< ID>YAL <L CM o <L B><INbCDL* D Yo T Vo a 050
CAL*aP>a AryD>c (YD L. 1977, DDA <L PO 1990, Ab® <IP*M<_5. 2010, <<€
<L FEND> 2012, = <P, 2016). oe<IBC*DC I>Y AL a<I*CM o pal <IN, A <o
QG <LAP=PDIN< 5 P CINNPLIY® a bAS a 1Mo ®N>AS a Py /db>PNeJ CrDY s
(PO <. 1999, P> <P 5. 2013). >nbC <> da P (1982) ID*C>e b M Clde
ANPCDILIC P eg <L NNGHCPLIC <IMAa N> a b AC < ND>ADT (oM<la CrBY <)
CAbg D> o> P>*D CdyD>C Lo D<T (AP *</<lo- CPD>Y<*) <L HC>% CA®a,
APLEPLI® D> 55 FHAC Co> M HC*DC D>b%YL DG 5<% N 5 P Nea
CAL=aD>a /Py o (PO I e, 1977). PUo<IIC b>pN*D CINNRE Crd<d Cnl> Pd*Ne
CALANCNRE @ 0AS a IMPLeoNt As<o AcC*DEC Pr<o I<CaD>* D% AT g C (YD
<P, 2004). D D>RDIC & PN e AMPA <IN, CLAGC (/D™ <M. (1999) <L
/D> <M. (2013) ao? >*DC Cod<d IM<tde YAl A Aa*a Lo CPP>YSH<I® A *MC a bAS
NURE @ Mo Pl 5 NPHECHDC a I¥*L=Ne C> o™l oM<oC ba *a *LoC. CAL*a>LH<LS,
LMD pal al™PLo*MC a bAS ba Lo <L bo® P>a P NNe-<*<

D<M N AN D o PAME o PR B LC DAY D> > AcCadc > Do



NarL¥C aN®CD>'IN M0 La a 0AS P' g D Da AP ALLA>Y® pa AS

<> CP>LC <ID%P< 5Nk b U CAa® aNA“H5N® CAbo B> o050 a.c >CHYLNE AICH>PT <5GJT

CAbo 2011/2012, 2016, <L 2021, b™*LCA*d< aN*C>PLI b*LCoNE ac >CHILIC

DI AgGRCD>c > AP a *<¢ Lo CID>YN® (YCAS>C <P, 2014, Nt <P, 2016,
P PP, 2022) AL oM<lom CPBYRL® ao™MC (<K AP 0. 2015, 1< e,
2018, o< D AP 1. 2022). AP=a *<¢<lg- CP>Y T, B>a 2011 a.c >C*Lc >*D% 1030 (CI
= 754-1406), 0°J<<-c<¥® AL*aP>Nrc™L 18% C>*L 842 (CI = 562-1121) CAbo 2016 <'Lo
Ac*bra® 27% oY <~ >2>*, 618 (CI = 425-899) 2021-. CAbo oo C/D>YR]®, Da
2011/12 a.c >C*/Lc >*D% 943 (CI = 658-1350), 0°U<<-—<I¥ 17% C<>*L 780 (CI = 590-1029)
CAbo 2016 <'Lo P o®*? <IN AL*a >NPY® 43% Cs>*L 1119 (CI = 860-1454) 2021-I. CAbo
aNAYG, MAa®hAC a bAS a.a7B>c >*DC ba *a *Lo- Nelson River C>2* <P*a *</<o
CPD>Y AT /oM <o CDYSR® Pl b NP >So*L Loa I PN P'ya aN*C>YC CAbo
1970 NP=oJ 2011 (\PY*D® 1, D>B*ILY® pa *LoC 2) (PDc™ M. 2004, /CASC I <0.
2014, N* I, 2017, <PK= Y=, 2022). CAL*aP>LoI*N=HJ, A'YNMod Bd<d anA€
D><*CPPLoN® AcnyD>ILe DS, b>ALa > D* D> oY LM C a oA P> D> 5+5C

<da D> <PPSal>Ne5d al*UAM T ac<DA*a® A M50 DR 540 beac®lL<RS o*¥N°
CLA*o Ctda ™ AP *<r¢<lo- CPDY L™ <L o<lo- CPBYN® Ac € ao*MC. Resolving
<GPt 5 D>a b>rLa SN ED® ALLAD> Hom <> SNAE C>D<do- AN CLT Ac e

a oA AYa A C>HC*DC, L5 QGICLE NP>NY=a *C* <Yadda ® oM NPC>HCPDI®
bo% D> %DM NJC ANPCDPLIC LD Lra AcC D> oo Ple<lo <L AALMDA*a ® 5J

C*d< a.bA° A<D PL<IC Cbda *LE Ac M =0 <15 CdyP>PLYD<IC. DPP-5J oo™



<IPPLMC ARNPd Pl DR 540C HAMC DR 34gC IWNPNS D> oSo* Mo CALL

A'LAD*LE BD>rLLNME W>20 1GNNS <o <> N'YNDoC.

DP>PNPR-<alc >*C>C CLDda AcNa®oC AL*a 1) bB>A NSNS ALY *CHS o bAS
Ctda*L*DDba < bo Py oo oM<la CP>YN<I®/<IPra *</<lo CBYNI® pa AS P <lo <'L_>
2) b>ra NN qRCo-<SGIN <A =*PBHCo*NC a bAC a I*LPLa*1C ANNP5J Cnlb>s

rd<.

b>ALPPC
<D D>*DIC B> oS A% 5C <> B>APNC AN M ClonvdoC a o5 Py oo >C-
LoD< Ple<a CBoL YA <A, <N>AD> (WPr*D® 1), DANPNCC>*DIC A A< H><ICo
C*da*LC AP *</<lg- CYP>YN® <L o <do- CPBYN<® Ac € a oA ba 1, pa>-LoD<
Pt CP>2*L Nelson River; oa.*L 2, Nelson River ba*a.*L C>2>*L Aa*a.*L.o¢

CPDY /o <da CPPY5I<® A a bAC Ple<lo; <L, a3, IPra *</<o
CPDYNAT /o <lo CDYN® Pled CDoL YAS <A (WPY*D% 1). A 27.5 2017, P D Plecl™L
LoD< Py NPY=>PeD® <PFDAP<D=* L b>AA<N > a oa* Cdy*D*C>HCLC > GNoc.
oa 2 Po*CP>c>*D* CL*aAaD<® P Py Lo CALM o C <°CGJo<. CAbo 2017, oal
Pa*D b>ra<LC NP c* al. pa*L Acn D> >*D% I '<IGCa<I* D% CAbo 2017
B>APC I >*C>C Lo-D<, CAbo 2018 <L 2019 b>rNPNC B>*DJC ASD< Mo

P *<¢<g- CYDYNAT /o M<do CPDYN® Pre<, 2021 b>MPNC>*DJC 30 P CH
Aa*a*L Cape Henrietta Maria <'L_> 2022 %b>rPNC B>*DJC CID>YR® e L Lo

<GND>ACOM APy 50~ Aa*a ™l AL YAS™ <A P9, PP <L Twin Islands.



B>MPNC > 2020 A*INMd o< a ®-19.

Ac € a oA a P*L*PLa Db C

<N P>*DI B>APNNG® a 00 AV Ac e 5d <IdaB>¥¢d< b>rhPNC
A NNRCIE (YD <. 1999, = I 15, 2016) DR 5=g-C D>MAMyl < ID* D
ac<DA*a® 5cc CnP>TD>Coa* P B>APNC o >R 56 6¢c o P*LoC
B>APNC® 5NE bA-J (o CC Jo<I><, Astda<, Ya. AN PCA) SdeTdetdc dPCP>- 5N
(<Lo <M. 2014). CAbo B>PNCSA 5NE, b>raAdyD> >*DJC <IN Lta 546 <L
bo% >P>BU<L I o-*LJS AL aPMYP><E bon Do *MNJC. IDo <Pt A D>FC>C Lt oPe
<INEC® QGJ A<lo €, daal o ALLP D%, A %JP¥S (1-4 DPD>C), <L A*a A (2 5 D>PD>C).

<I>< Aol A® >*DJC Do o PMaC bB>APNC® HC <ID*Y<5C DNEASY<ID>*M%¢ N
<L CUot BCENN7IN (bAM, HACH, bLo). (Do b>ANPNCE PADLMC CAbo 24
<I>*ENJS B>ANPNE A o<IJE CAba SdAP G B>ALA® BLYg AMNGHDC (A oI5 <L
<JA>C, ALLC, JA>C). <IB>*MNJC Lt CD>a*L AP =g I>d<l_5; CXX20 <L CXX110 (<°¢_=D
<P e, 1993) G1A, G10B, G1D, G10L (KABD> <L_> YDA 1994) G10C, G10M, G10P, G10X
(KASBD> <P+, 1995), UarMUO5, UarMU10, UarMU23, UarMU26, UarMU50, UarMu51,
UarMU59 (C>cC< <YM, 1997), G10H, G10J, G10U (KAbD> <IP*M=_>. 1998), MSUT-1, MSUT-2,
MSUT-6, MSUT-8 (PCCHADG <115, 2000). <%= D% PUML>N <M <d%® NSLA I D
bonDDA*ac® a saA®YA® <L <GPI® 3 A YL BN 5N Cod<d AT o IC< ABI
3730 NM<IoS BE>MPN & BN <> Mo A o<1 BALINNE LA DC (Aca<IPNE
DLYcno TS, JIH, LYDP, Ya AN PCA)). <M a1 <I>< A< NM>< <PrAAML<ICNC

ac PN NM o <D*CPYa*D° AL P>*DC Genescan 500 <*o*L AD>P*Loo* <L



<Do ab5% A INDB*D* <I>C Ao asaAdCncJ 3.0 (Aco<PNE NM>< <> L),
C*d<d Do a6 <I>*C Ao M ID*CH> 5N ACCD >*DoC o P<IoC b>APNCAY> >*DC
b HNMPCLMC <D0 a % IC>¢* <>l CAbMC PYoNeo- <Do bon D P>So*L Cloa

bid o<1 D% IdaB>dS B>AFCD> 5o IPa *</<lg- CPP>YN<I® (3938) <IL_> b \>Y*d<
<LCCCH*PLEC AcNa AN CAbo o <lo- CPDY5I<® (864). <A *C*D< <o b>PhPNC

A <Y > <I>NI A N Lt CD< 5N ha PN bN*LYoC (< 2001) DR 5&-C
GenAlEx 6.5 (A*b= <tL_> /LD 2012) <¥Sa.c >=*MD% NPD>N=5MC 40° ¥ =D JDgI°

a.5a AJCE I>CNIE. bo® <IpCoa<IL LT NPy #D bb>ra ATN<IEN<T® 5NE <L
sdra S CD><5NE <TAPALPE CAL <AL= C* g I *bego o B*LCo 4 Do a.>a A®DC

> o % 5NE IC>I>Ca>1< 2 loci. aa ASN<I D>*CSC a bA® AN CAbSL*ILIC Acy>C
PS> B>APNCAND>*CSC. Achny>C Da NYD>rLo*>C CALDA>a */LLYG 5<% NN,
Ao><L#IMt oMy *LaN=HME AcPC Pre<o PY<lo APAPY>Y® Da??Li® DP>PN o<1 Co°
BNy LUC B> <,

As<lo <5GJ <ABEC=PDC o I*LPLAME <> Cnl>® ¢d<d boAc*LNNa*L

<ID*Ce>< AMSR2 b C*NCH>PLINJS 4Pr* DS a vArbC*C* < C>a 3.5x 3.5

P C* (A o< N<I® >, Index of /amsr2/asi daygrid swath/n3125 (uni-bremen.de)

B> a A NI LG Ao LA PBECMDE bon Do PIAS. a >a AN 5J IM<PdSHAS
PdAC NPDLY*a*D 10% B>PD>*d- 1M CLT* CPD7 Y™ AccP>NPLao YA™ <A. /d

a 5a AN I L P<NNAC NPy oL <2 J<MIS Cl>® Pdbsa™ M > 30%. CPDY s
<4\° od ID*PHo PNLK<oOo CAL™ P * o 02<o APANIC <L /e AM<bde
aaP=g*oNt, L o * D4 P AN, bir= 5Nt ba*a *LoC (0) >R 56 Aa*a*Loc (1)

<LDO*-OC ACH* Do <*'o*N>Yo vag CnlP>* Pddo B <O*Y-HC PdLebe Pa™L.

10


https://data.seaice.uni-bremen.de/amsr2/asi_daygrid_swath/n3125/

D>a ba*a*L/Aa*a*l ¢dba*L a 5a AN D>*I% AN PN B>APNC
CINENPLYE PdBLE LS ba *a "o APAN<IC A*a A€ <Sa AS 'YL o<1BC*D >*LI>o-*8 o°
ba*a Lo LA =*"C* CAL* o< <CJo Pl b*’Lo*LoC Aa*a *La (FD> <P 1. 1999,
/> <M . 2013).

B> T 5 A<lo <G <M C=*o*L abA® a I*UPLo*Ne, D>*DG%/L > JC
a¥*<ECOBT e D DI asa AN 5J CALE DM oL I<Co < IC>P® a 0% Ac™
CAbo“CA&BC*D® IClg D% 5N B> DNLA<HAS. AN <M Ao o¢
B>MPNCE 2017-T 2019- 15, B>APa *CILSC a ¥*<CIBT eI A*a A< <*UNE,
CAL=aP>L 5N, <L B>ANPNCE 2021-T <L 2022-T, <IPNNC>*D® ><Neg
B>ra A N<L® SN <Lo<LPlLIC CLT® DPD>NJIC <L <IN <Sa AL,

QA ¥R<ECDBT T D o 5aP*a* ¥INb > ID%*=5NE aN>IN YN bo® PHCLM-C
DPPa<® 5J AN <PCH S o IMUD>UPME, 2oL B>ra A C> N so- I 5N
<ICP>PS 1< ANOVA. <AL o a9 <P C BT gD 1<kCo < C*d<d AlLcD>c >*D¢
D%/ 5N°® CAbe<D&*N=_5M< Tukey HSD bB>APNMNJC. bD>ra N<I® 5N PAIC CA> ¢d<
o*CLME Ol D% >*DJC Ag<lo® >NBCo*L ba *a *Lo*L>2C
a¥*<PCIOBAMCH 6D (0) >R3¢ Aa*a Mo *L>>C a ¥*<C b =*"C M gD (1)
<DL LMDt <L @ g o Pl CAL S o PR <AL= PLLC, bD>APPC <IN,
<D >*DJS CALALYSo*L - <M a™L b>aN® o1 CLD I CALALY =oM< SbD>aL= 5N e,
Pr<lo- >b%¢LJa, CLT® aN>PnrLYc BAPNE AALPY >N > ALsa. <*M¥Nre-*Lo®
P<0.05.

DPra ¢ bB>APNa-C

ACPB>*DJC 727 <IB>< A o< B>APNCo® Coda *LE 458 <A =MD IDg*D< CAb™LE
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pa 2 (\Pr*D%* 2) CAbo 2017-2022 <L > 570 <I>< Ao<l b>APNCo* Cda *LC 514 <D+ D
CAb*E o <lo- CPP>YS<® (oa 3) CAbo 2018-2022. >a. <ISGJI >N PYoNeo-

AL C*’L{C a bAS CAbo pa 2 bolva< CLME 30% NP-LJ 43%. CALM oL <15GJo,
CLM<5* abAS CAb&<DC pa 2 Acn<IUc >*D% Ctd o™l AP=a *</<lg- CI>Y<N<I® (oo . L
19-28%), CAbo> >NN*L oMo CPBYN® a oA boMro 11 NPJ 15%
B>APNC A > (asaA%® 1). CAbo ba 2, Ac>*DJ 360 o P*M=g-C b>NPNC* 5C
Cda *L< 268 <Da a0 >1 >PD>BH*D* <d<eCa 2017 <L 2019 (\WPy*D* 3). Ctda*LS, 168
(63%) TP D>=*"C*< PYT N> A *LC >0 a DA, 72 (27%) L >*DC

Pa *<P<dg- CPDYN® a oAS, <L 28 (10%) LA >CHMC oM <o CPDY<® a bAS (A,
72% <L 28% PoN=o- cA*LC < a oA >d< dPa *</<o CID>YNI® <L oo
CPD>YN® o oA <IDa). a I*LlLa™ < PYa N> AYD>A>cd° Ac>< (n=221) C*d.o™L 100
a.0AS CAbgD CLAg pa Mg, CAL*a DL ><I*N-1J, 76% >G> pa 1, 17% CAbe
oa 3 <L 7% CAbo oa 2 (\WPY*D% 4). PP AP—C / <*a AYD>od° Acn<IUc >*D*
<EICL® 5P pa 1 CAL*Le< 1980, CAL=a DL _5<I%*N=J, 2009 PU-*<nc >P*CLE PP
APC / Qo AY>ad° Acn <N D>*D% CYDYH® Ac o oM<o CPDYR<® (PP*Coa-d°
<d<Co 2012 <L 2015 Clo YA™ <A ¢*v*La <L <P P PPHC®). Ctda *L*DC PYo-<IJC
2017-T< 2019-1¢ B>APNCE Acbe B>*DC a0 C>¥D<o* <I<Ca< 2010 <PINC>*D® 71
(26%) <IDa <MY AL C*CD> > a bAS <I>NI B>APNGDC. Coda *LS, 43
(16%) a.>a A®CD>c >*D dPa *<¢<lg- C/D>YNI® a nAS, <L > 28 (10%) a.>a A®CD>c >*DC
o M<lo- CP>YR<® a o™ (A5 61% oA *LC® Ctdao IPa *<r/<lo- C/D>YN<I® <L > 39%

o <lo- CID>YSR<™® a o™ ).

2021-T, B>APNC>*DJC 140 a.0AS Do CAbo oa 2 >1 <GJC<. C*dc_*L™, 96
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(69%) <ML PD>CCHME e AS <I>NI DALY SN0 (ALY 5N DA o b>APNCS
CAbo 2017-T 2019-1S; \PY*D% 5). 87 (62%) C*d< <P*a *</<lo- CYD>YN<® a oA <L 9
(6%) C*d<l oM<la- CPP>Y5Y<® a oA CL™ AD>*booPL¥Aa< NNGHPLIDBE AlLbco©

P *<P<lo CPDYNLT (@A%™ 1, 4Pr*D® 6). 2021-T, oI°N>n.>JC> 183
B>APNC® oC (102 (55%) A*a AS <IN, 12 (7%) A*aP—*D< <IN, 55 (30%) A*a A < AS
<L 14 (8%) A*aP—®DC I AS) Ctda ™S ID&* oM< a bAS >1 DP>*C*D CAbo o<o-
CPD>YSN<® CALL C*d< 64 (35%) <A D>*CHM S <Do I>DNreoNe (WPY*D® 7) Coda LS 34
(53%) <M PD>PFCME A M C®rLC a oA <L 30 (47%) <ML D>*CHMC ad ™M Cb> e

a oA PUT N0 oP*g® BB>APNCADILIC (WPy*D® 8). Ctda *LC 64 T >*DC, 45 (25%)
a5a A®CP> P>*D< CAbM®DC dPa *</<lo- CPD>YN<I* a A <L > 19 (10%) CALL oM <lo
CPD>Y5R<A® @ 0, Ctda LS dP*a *<r/<lo- CPD>YN<I® a o0 CAbo o<la- CPD>75<® (78%)
Ao AS <UNE, 16% A*a AS <a AS, <L 6% A*aPc®DC. Ctda *LE AP a *</<lo CP>YN]®
QDA B>APNCTAD>YE CALLE oM <lo- CPD>YN<®, 90% NWUa“N=a- AyD>*bea-Sa-d CAM*D<
oa 2.

2022-T B>A>*DJC AR IS 0°C* Do a oA Al Po* oC PUT N0
B>MPNCATN=c* 2021-T. 2021-T <N >*DIC <IN >*DJS b>MPNCo® Cda L 254
a0 APa*</<o CPDYNLT D>d<o 120 B>APNC A>beo-*/LyC 2022-T; 111 (93%)
B>AMPNCAD>bo-* 5N @ bAS AP *<P<lo- CID>YNT <L 9 (7%) CAbo o <o
CPDYR® (\PY D% 9). b>APNC>*DJC 209 (AcMyP>< 5N AN D <GIN) a oA CAbo
oM <lo CPDYSN<® 2021-T D>d< 72 b>APNC A ba- P 2022-T 46 (64%)
B>APNC AP b0 *PLYC oM <la- TP N<® <L 26 (36%) b>RNPNC A bearL3C

P *<P<lo- CYBYNT (WPr*D% 10). C*da*LE a oc-C B>MPNC Yo CAbMC oo
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CPD>YSN® 2021-T D>d<ds bE>MPNC A b YL APa *<¢<lo- CYD>7<® CAbo 2022, 62%
A*a A <IYNS, 12% A A <FaAS, 12% A*arPc®D< <IUN® Lo 15% A*arPc—®DC <a AS.
CLT® <o, >d<1 a\>NC a5a A®PLYE ACHLE ALD 29% a obtbeo D% IPa *<r<
C/DYN<I® CAbo 2022 <I'rdaoP>* 2021-T. A*a A <NUNS B oo * N> >*D P> NJC <L
YN L AS <APDUPL M aN*Co a0AS oa 2 CAbe CLT <5GJo- ALUNMI® 77%, 69%,

67%, 57%, <L 62% B>MPNCSAD>Yo- 2017-T< 2019- 1<, 2021, <L 2022, <D0

AS<lo-<EICLE <APBEC>LDE o 1AL <> Cnlb>® ¢d<IC SbonDa*Ne

ACH*D* A 5><o--<GICLE <'rbeC D Cnb™ /™M bonDo*N<. CAbo 2017,
2019, 2020, <L_> 2022 ¢dLé € C>Re >*DC Aa*a *La, ALALE 2018 <L_> 2021
ba*a *LeoNt (WPr*D® 11). B> Cio*M< ACo < <A = DCP>VC A*a A I%INC
a¥*<ECOBM &I 82%-Uc >*D CAbo 2017/2018, 84% CAbo- 2018/2019 <L > 87%
CAbo 2021/2022. CAba- 2017/2018 DPb* D% a ¥*<ECI gD DM P U D>*>% (x=120
P I'C", baly*Lo 0.04 — 387 P'C*, n=32), L*CP>_50 2021/22 (x=104 P_I'C*, boly*Lo 0.07
—411 PI'C%, n=113) C*a.> 2018/2019 boc_1° (x=71 P'C", boly*Lo 0.2 -260 PI'C*, n=80)
(\PL*D® 12). <MPILA<t LR M o™ ad®<CI v a=*D DI o<I* DS A*a S o <IUNo
(AC>NIS, ANOVA, Fy, 225 =4.175, P=0.02). <*MtLn<b <Uareso™l a v < Cr gD
aa > >*D CAJ*L 2017/2018 <"*laoB>* 2018/2019-1¢ (do-J*PL*N=_J DP>< HSD
B>APCHL =0.03) <L a ¢ < CM gD <<Co 2018/2019 L5 2021/2022 LPrN<q* D™
<AL (P=0.06).

LPILAD LR a <O 6= D DIy 0<% D <Co©

>PD>bN=*NDC (F 3 185=3.57, P=0.02). b’>CaN< I<CoC <I"p =P DCP>C
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QA ¥*<ECM gD ADo DP>C 2021/22 87%-J >*D%* A*a A< %NS, 66% A~a AS <Sa A°
<L 77% CLT® A*a P CFa A <L <%UNS, Do DPHFD® a <t C gD
D> 05 *\> > A*aP® D Sa AS, (x=184P['C*, boly*Lo 15-438 P 'C*, n=20), C*d<I>
A*a A QNN (>B>IDNE dé_o-) Cd<en 5N Aa P®<—<Ne <I%INS (x=100
P ICYba Moo 0.27-332 P'C*, n=29) <L > A*a A€ <Sa. A< (x=80P'C", boly*Lo 2.7 -
195 PI'C", n=27) (\Py*D* 12). <a-J*PL*N=5J DP HSD b>rL*PLy M CINNPLC
Q¥R gD A P* D <IUNE CodoL A= PCHMC L A <IN MY g >C
Ctda L A*a 5o <aoc (P=0.02) <'L> A*a A <I%UNES (P=0.01) PP<lg <M= PN<*CL
Aa P Q%NS (P=0.07).

PADAaAC b oA o M0 AbPN<CHMC Lt ol AcH® D% Pdle_© CALL
T PPa<I*C o< A>T *ND>*LE A"INBGy D>+ DM CALACM YN (b/D>Coo< I<Co©
LRI bR O, X2= 20.80, df = 1, P<0.001). >a. o Pro-<I*C* = o°
CALA'LCHAC o a¥*<cC=* g7 ¥N3C = -1.0033 + (1.65115)*/dLc_C. DPPa *r/NPLY®
b5°Ca*MNJS, CALALY S-*LJS C*d<l a. oA a IMULY*CHM S 0°C* 5N Aa*a *LoS Lt DE
?dL_NJS Aa*a*LC Ao APA<SN<lo- AL*a > >%*D% 5.01x >0 (95%CI 2.46 C<>>L

10.92) ‘boNfo™*L 6D 0 ba*a*Lo".

B>bbNrJINo-<

DPY 5 bo% LA BC=a* ' Cl> P S <PFDAC a 1M B Cio Mg <L > oo Ma*
o5¥NS BLIC ALLADE NS <AL <> SNP¥NTHE 5N P D>< D>drR-<lo-*L o <IP*NNC
b/ ¥t ID*/NNS>C <IN N <IPP*N NN CAbo o D>a ~*D8d Abtde (LY<*-<>n.

<L > 2018, B sCo AP 5. 2022). A, DPP I NP a I b Coa*re <L B> oo
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ALADY CALAC®DC pac™ 0 B> <IDAYSLC DPD>CCHI® DLI o o P MC
<LYarlbC* M. CLDLo AcCPa Il aa A%YS>JS AcMy>Y Ctda L *PLYC a osaC Py Lo
b Lo APa*</<IC CP>Y /o <a CPP>Y<d® pa A Ale<lg-<D<, ICR a I*LPLo*Mec
LPYBC* D CLA0 Ple<lo- Cnb* Pd<d CALA*Lo*L oS, <L a5 ATPLYJS <AL LeDC
a¥*<CM e eDC d<Ca - DP>bN = <D°,

CLT<5* anA® CAb&<DC pa 2 2017-T< 2022-1° P Yo “N*a < Acn7D>c DL D€
AcP=5d BPPNPNC <o Tdon SNC AcnNN'YCPYC. B>d P “N~a Acn7>PLN¢
AYD>BC* 5N a bA° CLA0C Pa *</<lg- CPDYN<® QL5 oM <lo- CPBYN<® A€ a pAS.
CAbo 2017-T€ 2019-15, 28% o-d*LC &S a oA b>ANPNCAD> > CAb™MC pa 2 Ctdd
oo CPP7N<® a oA (39% CALL ANPPLIDB A INac >*D 2009-T< >R3¢ PYo o,
D>d<d_s PL® DD <GJa- CAb LS a oA a-A*LCb* 5N CAbo pa. 3) <'AP=*PC*L 11%-
DA*a® PN<lo- 19900 (* <<, 1997). <MdahAS CAL oM <lo- CPBYNL® a oM CAbo
oa 2, bN=oMe Mo >« 5N° gAML CH*"DC abA CAbo, ALLD® D> o%Po>M oS A€
APPLIPM NS, Bo®dNC P BCC® D Lo/ H5+6C o C?*<* D CAJ*LE oo C/B7 ™
ACE, DB CLT®. Bdd AbY*CPo*\P>UI" PYyoC D oo ™\>2>C CAbo oa 2 (PCA>C-
<A, 2014) <AL o> 0°CDE AN B oS> * NS a. PCHLIC Ctd o™ o <lo

CPPBY R (01D Y0, 2022).

NI PY N0 A C*0C a %< CAba ba 2 A'¥NB*DC>C 10-<9GJ o°
ACH D>=*MDC >N CLDLo oal bN=olc B> o* DL 5NN Clo <4 D%/LYo. CAbo
2017, AN M€ o <do- CPDBYNL® a o™ CAbo a2 DM Coc >*DC Aca *C N>,
CAL=aP>L5<%N5d b>APNCSE Ao CAbo oM'<lo- CPD>YI<® a pA~g® ISNDI®, =
<P, (1997) BAPNCE TA< M ba*lo (A5 LoD<D<K® AL pa 2) <L Ac™Mo
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oo CPP>NA® g™ D>oa®NAC 2017 Na7“Na . CALACP>*D%, CAbo 2017, /dLe©
ACHHCA® Aa*a *<P*La- CPP>YI<®. CALL NYD>PLSJC a 0AS P a #<¢<la- CPYD>Y v
a0 CALANCPRC AddoP><*d< B>rN*CP><0oN°® Bd<dos ana APdY*CP>BC™ID a oA
<GICLE CALM o< da-d®D< 40, pa. 2 D> o Do P> a o< CP>YNI® a o o< CAL* o ©

doJd*Do ICdo ah*LC*IL=* b 5PN CALM o< 2009.

2021 <'Lo> 2022, DPPa ®a- D> > b>MPNCE CLA0-C <P=a *</<lo- CIDYN® <L >

oM <lo CPDYHN<®, Mo <AGdar, 25-36% a. oA B> CCAD>ILYC IC>IT Ac e
B>APNC AP b/ ¥ QSGIULE ba My oS A A bAS, a >a A®YS® I It Ac ™ oC
a5 0% beAc®IYLIC/P>BCH D b Mo P *</<lo CIDYNT /o M<lo CIDYN<® P,
CALL D>d<d DPPa P <L > <IP*MaC, AdL®PPLe Cod<d M Aeh>*LC P>bcC* D¢
AN 5d <GJ Ao <LArbC LI aIMLo e Pdle_© (PbS <L LA 2010, T <M<,
2010, /> <M. 2013, Do AcCPa*D%), AlLobPa T A/PH<—<INC
albC S *MNJC (= M. 2016, IP=K= M5, 2022, o<IcDc_< <IN, 2022).
CL=aPlL<Ra DPPa /€ b>rNPNeC APL®IPLI® <5GJ A s<lo o*CHeC*D I<Co o<lo
CPD>YHR® <L pa 2 I g*</<lg TP, bYD>a < Y ®< AYD>IC CAbLE pa 2
D> oP=a*DC 23% AlN-5d Clea Ac*a*C>®, AlL*PPLIC b oNPa™L D ANYD>Jo Cio>
oa 2. APLP=5PC CL® @A aA*LCH=*DC pa 2, AMAa*C a oA D> o%¥¢ CAbo oa o
ARNP 5 D o%a*L oo CDYN®, AdLe®/Le>® Mg ®>¥C o bA° Ca pa A'¥NMJ
5°C* Do NPHC* Do CP><*LE o<l CPP>YNL® CAMLo CR*E pa 1 (PCAS>C= <M.
2014, 0D < A5, 2022). Ab¥®*beg-5 5 CL>a. D*AnY®, o<IcNILS>JC Ctda *LE

<M Aa*NAC a oA CAbo pa 2 GJCLE 2018-T< 2021-1° CdyD>PLS>C b L CAd a Nt CD><oNe
?*v*Lo York Factory C>>*L Fort Severn (>d<lo <*M'a-*8>¥C pa L) CAb*LE 1972 NP-LJ 1996
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(PD™ AP0, 2004) APLbbeoPa *DJS D> o%YR-—<INC a bAS AdaP>*d<, di_o- CdyN=o-<
APL*PLSJC DI B> @ oA D> o%M<I*DC bo® <af=> L, CAJ*L pa 1 DPPaGo.
>d<l a.oyD>¥C ALLAD>Y CALANSNNE <a PC ¥ LM C <> C>5NE ARNPe5d pa 2 <o
o <o CPP>YR<® D> o -<I*LC a IDA*a *<-—<I¥S, CAL Do 5<I*<C a bA° AL
2*CPa* D I<CaC Ac M0 IGCICLE. A, A'INP5d B oo ac PCHILYC CLA® o
Pra *<P<dg CPDYN® <L o <do- CPBYHN® Lo AYD>rLYoC DM CAd< a N*CP>rLYgC
CALL AdLa®D% Cd<d CLT® a. 0AS a\*CD>c >*DC Ac o< >d<I> Cdy>rLIS, Pl
D><tPLeo NN AP*D CLAG Ao PL™Ma D> oP=g* D >R 3+ D> o%/M<I*D< Ctd<
ac D>C*LIC <L a*0*CPadd=a *D< CtdNJS <P C>bCLC.

CAboL® AcNa*N=5C, LM PP ac >+ D I<RCo -G CAL*a > <*a*L
CnP>* ?d<. a.g?c >*DJC D> a. A NN YT * D LN bo™ /dléc ACHLMC
Aa*a*Lo >R54¢C ba*a o APALNKIC. CALL P N=g- bD>AFCD>PILIC AbY®DC a pio
Ple<da CPDYHR®, (D™ I 0. 1977, D >FA <L YD 1990, Abt <M. 2010, <I<<<
<L TEND> 2012), RIS DPPa PN b>rPNeC asa A% >+ Ctd<d CALANN*LC PdAC
b oA LTSI a bAS a IMUDALAMT®, Ac Mo <CJo, a LN HNE Chdo™L W o™l
doa =0 ac PCHILIC D> o> D> 5+ IS Lt bdo 0°Coa ™ NJC. D>*ONP-J,
2021-T, oM<do- CPP>Y5RI<A® <L IPa *</<lg- CPDYR<I® b L CrAde a\rlLig® DM CN°
CAbo ¢dUé_*d° ba *a *La >*D< <L > NNGHCH>c >+ /<l o<Sa-*Lac C><C
Pra *<P<g CPDYN® CD>o>* o<dot CPDYN®, CLla VoL A 5<lg_5<IC*D% 200
P C* AP=a *</<o- CPP>Y T /o <o TPy Pl <L > M A=*MCDC o pAC
a5 A®CD> >*D CALMLE dPa *</<do- TPy DAY g \>a oot CD>> M beg

ba*a*Lo".
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D> o ‘N P *<Vdo C/>7NIL® a bA ag 7DD C*D° CAbo oo CPB7 ™
B>MPNCADRC>*D® pa 2. CAbo 2022 CAL PdLiLE Aa*a o <L NG D>*DJC
36% a.oAS CAbo PdLE € oM <lo CPBYSN<I® 2021-T b>MPNCAD> o >*DC 2022-T >d<
LPra®*<Vdo CPBYNAT. bLac P*D%® aorl/c P>+ *a“C A*a‘c® <UYNo® ad*<CM gD
<P PP<do DPD>BNME QL5 <Sa AS <ICo< 2021 <L 2022 ACH=* b H><LC PL*DAPLC
Arde_o® <P=a *<r/<lo- CPDYNL® a b M0 a 5a APCPDILIC CAbs<DC oo CIDY NI,
A Pc®D <aA® A *CT gD DM o <IrM*CM bobHo ™ A*a A <JNE
<L A*a AC <Fa AC PP<lo- bD>raPL=*1DJ b oNPYLMC A*aP* D <IN D >r <L
?Dc (1990) Ao/ >*DC A*aPc*D <o A o°CbP>a*N>¥C <P g a 5o boDIA*a ®
<LYCPLOH<RPN A*aP*<-<LH<RPNE (AP CAbg*Ma Do <Sa.o) <L CAL*C>*
D> 650 \>¥C I ACDM a v*<PCM gD D> C o<IBC*IC 150 P [C* Ac-*\D>NC I og-C
CLT® BPB>bNL-*TC* < <'Lo <UNS A*arPc™Do<o.

a7 N>aC D> o5a*N> >*DC oo CPBYN® a o™ Ctd<l <Pa *</<lo
CPDYNL® @ oM Ac o IGdo- I ACHPG*L*N= 5N a5a APNYa *D® I o *hD>a*L
<AP*CHCSa*C o C+I*/NPD5 CAL*a Do *\>*D PUoN*o- ‘do-< LCJo (=
<P, 1997). CAL*a. A'¥NbSa*L o b>rLa ** D% Pr<o- ICY¥=a *D< I Yo Lo
B>AMPNC AP * DS, IP*CAS bon DoM< C>* ¢/d<, AP UYPNCD>*<E Aoy <
<IDH<LECHME, LAPYGLPC CL<<*DC <AL aI*LP S 43U¥S abAS AP
?dbe P ad*L o (CD= <P =5, 2010; Mbe <P 5. 2015, oD < <IN, 2022). AL,
AGNa*L B>ALa NI P B>< b oA *LJ CALANNNE a A a M5 Ce*DC. B>* DN,
<Gda PYRWPL5N® PIAYBC* D <PPDAYa *D a I*PLo*M0* a oA CALS B>

NPLEC*<C Py o< C <L NP>+ 5N D><LILYT™ 6 I>YSALAT 6 pal (D™ <P 0.
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2004). D>*DNP<J, <I5GJC YA el oG M <P DAY ®d*DC a o0 a I*lLo* a* CAL> L*a C™®
Pty Q¥ DS <L A NP <I>YSAPILY T 0% pa IS (D™ <P, 2004). Db <P,
(2004) APL%PPLI® >d<d bN*UL>* D AT 0 Ac € D> o%¢d=a * D IP*D oS AN d
Cnb* ?d<d a I*rLo™. aohy>C Ab¥® D CLOML CAL*aP><IGANc >*CNeab. AJAFGMC
CPDYHR® YA o (YD <> < ADce 2016), <L > a.pAS PHhtdS NPHC* D
?dBNL=*LN=5J ™ <M. 1999). CAL=aP>L LS, a oA ANPLP>a *D° <IM>CM o
NP>G* D >d<s JAT* Mg FHAC PP<lo- <I'R< M Crd<d pa AT D> 5+5C Ip< e
?b*a*L o A N Do Acv® PY<lo pa I<IbC®I Pr4de <IP<lof.

CAba 2021 BMC A B>APC>C APa *</<lo- CPP>YR<T 27% o< *¢L >*DC
CAb™LE 2016 a.c >CHLYo< >d<Is> CAL*a P> D> o=*a*>*LC A*a A <o AS <ML
A*aPc*DC (APKe <M. 2022). a.o?c >*DIC CINCD><HC Pl <> *rLc >b* DS CAb™L
P *<P<lg- CYBYNT 2021-T AP 5J <IPRSa* o< o oA PN®DC P *</<lo-
CPD>YSR<S1 CAbg 2022. a8 o Pl NP<EDE/<I>c* <D IPa *</<lo- TP <
CAbg 2022, Ac*a i C2 AlL®PPLIC Crd<d IPq *</<lg- CPD>YSR<IT D> o <Gy J<I* D 29%
D CHC M g Crd<IDI® CAL <AN<INY™ <IPP*D 0 D oo g NNGHILYoC IPa *</<lo-
CPD>YSR® (27%). <L >*b=o®, CAbo bN=HM a.c BPCPLIC <P *</<lg- CPBYN<I® <L
o <lo- CP>Y5R<® CAba 2016 bsNP*L*LC Ctda *LE 2021-15, IPRP*Db=*D% > oS- *M>g*
(P> <IN 5. 2022). CAL dPa *<P<lg- CP>YN<I® o s AS NNG*CDrL 5Nt CAbo o<lo-
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EXECUTIVE SUMMARY

The Southern Hudson Bay (SH) polar bear subpopulation is the most southern
continuously occupied area for the species, covering the eastern and southern parts of
Hudson Bay and all of James Bay, as well as corresponding parts of the Ontario and
western Quebec coastline, and up to 120 km inland. Polar bears in this area are hunted
by Indigenous peoples for food, cultural practices, and sale of hides. As such, assessing
the abundance of polar bears in the SH subpopulation is critical for monitoring the impacts
of climate change on polar bears, which is the main threat to polar bear persistence, and
for ensuring sustainable harvest.

Early population inventories of the SH subpopulation used physical mark-recapture
methods with surveys conducted approximately every ten years and concentrating mostly
along the Ontario coastline. Results of these studies suggested that the population
abundance along the Ontario coastline of Hudson Bay and some inland areas was largely
similar from the 1980s to the mid-2000s, despite evidence of declines in body condition
and survival related to declining sea ice. In 2011, partners agreed to a less invasive, but
more frequent, monitoring approach based on aerial surveys. This approach was chosen
due to concerns raised by Indigenous partners about handling polar bears as well as
logistical and financial challenges of physical mark-recapture studies. As a result, starting
in 2011, aerial surveys have been conducted every five years. The surveys combined
distance sampling and double-observer mark-recapture aerial surveys of the coast, areas
up to 60 km inland and offshore islands in Hudson and James Bays. The design and
methodology were established according to the known distribution of SH bears during the
ice-free season and the different survey approaches were used to sample across
differences in bear density. Field work for the first survey was completed in Ontario in
2011 and Quebec in 2012. This survey methodology was then repeated in 2016 in both
Ontario and Quebec. In keeping with management authority goals, a comprehensive
aerial survey of SH was conducted in summer 2021 that maintained a nearly identical
design as the previous surveys. This report presents the results of this third survey to
provide a direct comparison across the three survey periods (2011-12, 2016 and 2021).

The 2021 aerial survey was flown from August 22 — September 1, using the same
methods and design as the two previous surveys. The 2021 aerial survey produced two
separate estimates: 1) 1003 (95% CI 773-1302), which is directly comparable to the
previous 2016 survey abundance estimate and 2) 1119 (95% CI 860-1454), which
provided a more robust estimate using recent advances in statistical methods. Both
estimates indicated a greater number of bears within the SH subpopulation in 2021 than
in 2016.



Two main biological drivers are likely to have contributed to the greater number of bears
observed within SH in 2021 relative to 2016: annual variation in the on-land distribution
of bears in SH and the neighbouring Western Hudson Bay (WH) subpopulation, and
improved demographic rates. It is likely that both drivers have contributed to the observed
differences in abundance, to varying degrees, although there is no definitive evidence to
support either driver. There appears to have been some movement of bears into SH from
the WH subpopulation in 2021 around the time of the survey. A minor variation in the
distribution of bears around the SH and WH border could have influenced the SH
abundance estimate and may not represent an actual growth of the subpopulation. It is
also possible that the greater number of bears observed in 2021 compared to 2016 was
influenced in part by reduced mortality, increased birth rate, or some combination of the
two. The three years preceding the 2021 survey had the longest duration of sea ice in
Hudson Bay of the last decade, and harvest was lower between 2016 and 2021 than
between 2010 and 2015; both factors could have contributed potential growth of the SH
subpopulation.

Monitoring polar bear populations in the face of ongoing climate warming is critical for
providing local communities that rely on polar bears with additional information for harvest
management decision-making. Continued monitoring of reproduction, survival, and inter-
annual movements within and between the WH and SH subpopulations will be critical to
continue to inform management during the intervals between aerial surveys.



RESUME

La sous-population d’ours blancs du sud de la baie d’Hudson (SBH) se trouve dans la
zone la plus méridionale continuellement occupée par I'espéce. Cette zone couvre les
parties est et sud de la baie d’Hudson et toute la baie James, ainsi que les parties
correspondantes des cdtes de I'Ontario et de I'ouest du Québec, et jusqu'a 120 km a
l'intérieur des terres. Dans cette région, les Autochtones chassent 'ours blanc a des fins
d’alimentation, de pratiques culturelles et de la vente de peaux. L’évaluation de
'abondance de la sous-population du SBH est donc essentielle pour suivre les
répercussions des changements climatiques sur I'espéce, soit la principale menace pour
la persistance de I'ours blanc, et garantir une exploitation durable.

Les premiers inventaires de la sous-population du SBH utilisaient des méthodes de
marquage-recapture physique, et des relevés étaient réalisés environ tous les dix ans,
principalement le long de la cdte de I'Ontario. Selon les résultats de ces études,
'abondance de la sous-population le long de la cote ontarienne de la baie d’Hudson et
dans certaines zones intérieures était largement similaire des années 1980 au milieu des
années 2000, malgré des signes de déclin de la condition physique et de la survie liés a
la réduction de la glace de mer. En 2011, des partenaires ont accepté d’utiliser une
approche de suivi moins invasive, mais plus fréquente, basée sur des inventaires aériens.
Cette approche a été choisie a cause des préoccupations soulevées par les partenaires
autochtones concernant la manipulation des ours blancs, de méme que des défis
logistiques et financiers liés aux études de marquage-recapture physique. Par
conséquent, depuis 2011, des inventaires aériens sont réalisés tous les cing ans. Les
inventaires combinent la méthode d’échantillonnage par distance (« distance sampling »)
et la méthode de marquage-recapture a double observateur et sont réalisés le long des
zones cétieres, dans certains secteurs jusqu’a 60 km a I'intérieur des terres et sur les iles
au large de la baie d’'Hudson et de la baie James. Le plan expérimental ainsi que la
méthodologie d’inventaire ont été établies en fonction de la répartition connue des ours
du SBH pendant la saison libre de glace, et les différentes approches d’échantillonnage
ont été utilisées en fonction de la densité d’ours attendue dans les différents secteurs
inventoriés. Le premier inventaire couvrant la totalité de la sous-population du SBH, a été
réalisé sur deux années, couvrant I'Ontario en 2011 et le Québec en 2012. Un inventaire
réalisé selon la méme méthodologie a ensuite été répété en 2016 dans les deux
provinces. Conformément aux objectifs des autorités de gestion, un inventaire aérien
exhaustif de la sous-population a été mené a I'été 2021, selon une méthodologie presque
identique a celle des inventaires précédents. Le présent rapport fait état des résultats de
ce troisiéme inventaire afin de fournir une comparaison directe entre les trois périodes
d’inventaire (2011-2012, 2016 et 2021).

L’inventaire aérien de 2021 a été réalisé du 22 aolt au 1°" septembre a I'aide des mémes
meéthodes et de la méme conception que les deux inventaires précédents. Cet inventaire



a permis d’obtenir deux estimations distinctes : 1) 1003 individus (IC a 95 % : 773-
1302), une estimation qui est directement comparable a I'estimation de I'abondance
issue de l'inventaire précédent de 2016 et 2) 1 119 individus (IC a 95 % : 860-1 454), une
estimation plus robuste obtenue selon une approche statistique novatrice. Les deux
estimations indiquent un plus grand nombre d’ours au sein de la sous-population du SBH
en 2021 qu’en 2016.

Deux facteurs biologiques principaux sont susceptibles d’avoir contribué a 'augmentation
du nombre d’ours observés dans cette sous-population en 2021 par rapport a 2016 : une
variation annuelle au niveau de la répartition terrestre des ours du SBH et de la sous-
population voisine de l'ouest de la baie d’Hudson (OBH), et une amélioration des taux
démographiques. Il est probable que ces deux facteurs aient contribué a des degrés
variables aux différences observées de I'abondance, bien qu'il n'y ait pas de preuves
définitives a l'appui de I'une ou l'autre de ces facteurs. Il semble y avoir eu un certain
déplacement des ours de la sous-population de 'OBH vers celle du SBH en 2021 au
moment de l'inventaire. Une variation mineure au niveau de la répartition des individus
de part et d’autre de la frontiére entre ces deux sous-populations pourrait avoir influé sur
I'estimation de I'abondance de la sous-population du SBH et pourrait ne pas représenter
une croissance réelle de celle-ci. Il est également possible que le plus grand nombre
d’ours observés en 2021 comparativement a 2016 soit attribuable en partie a une
réduction de la mortalité, a une augmentation du taux de natalité ou a une combinaison
des deux. Les trois années précédant I'inventaire de 2021 ont connu la plus longue durée
de la glace de mer dans la baie d’Hudson de la derniére décennie, et la récolte a été plus
faible de 2016 a 2021 que de 2010 a 2015; ces deux facteurs pourraient avoir contribué
a une croissance potentielle de la sous-population du SBH.

Le suivi des populations d’ours blancs dans le contexte du réchauffement climatique
actuel est essentiel pour fournir aux communautés locales qui dépendent des ours blancs
de linformation supplémentaire pour la prise de décision en matiére de gestion des
récoltes. La poursuite du suivi de la reproduction, de la survie et des déplacements
interannuels au sein des sous-populations de 'OBH et du SBH, et entre elles, sera
essentielle afin de fournir les informations nécessaires a la gestion de ces populations
pendant les intervalles entre les inventaires aériens.
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INTRODUCTION

Climate warming is causing rapid and widespread impacts to Arctic ecosystems (Post et
al. 2009) where temperatures are increasing at two to four times the global average (IPCC
2013, Rantanen et al. 2022). These impacts have had profound effects on a variety of
Arctic wildlife species, causing population declines, reduced reproductive output, and
shifts in the food web (Regehr et al. 2007, Post and Forchhammer 2008, Laidre et al.
2015, Descamps et al. 2017, Mallory and Boyce 2018). The impacts of climate change
on Arctic ecosystems have had significant consequences for Indigenous peoples that rely
on Arctic species for subsistence (Durkalec et al. 2015, Laidre et al. 2015, Ostapchuk et
al. 2015, Kanatami 2019). As climate change continues to alter Arctic ecosystems (IPCC
2022), itis critical to monitor impacted species to provide information to local communities
for use in decision-making and to assess general impacts to people and biodiversity from
a warming climate.

Polar bears (Ursus maritimus) exemplify the challenges facing Arctic species under a
changing climate. Polar bears are dependent on sea ice for nearly every stage of their
life: they hunt their primary prey from the sea-ice platform, mate and, in some locations,
even den on the sea ice (Amstrup and Gardner 1994). Thus, declines in sea ice have
direct implications for nutrition, reproduction and the long-term population viability for
polar bears. Although sea-ice extent and duration have declined in the last few decades
over the circumpolar distribution of polar bears (Stern and Laidre 2016), the impacts to
polar bear subpopulations have varied, with some experiencing declines in body
condition, survival and abundance (Regehr et al. 2007, Lunn et al. 2016, Obbard et al.
2016, Obbard et al. 2018) and others experiencing limited effects or even near-term
benefits as areas transition from multi-year ice to thinner, annual ice or areas in which
access to shallow, highly productive ecoregions remains (Regehr et al. 2018, Laidre et
al. 2020, Dyck et al. 2021, Dyck et al. 2022).

Polar bears are an important cultural, nutritional and financial species to Indigenous
peoples that have coexisted with them for centuries (Wenzel 2004, Henri et al. 2010,
Laforest et al. 2018).The harvest of polar bears is monitored through management
frameworks in various jurisdictions across Canada (Taylor et al. 2008, Lunn et al. 2018),
all aiming for sustainable harvest management and continued population viability.
However, the logistical and analytical challenges involved with enumerating polar bear
populations, as well as the often long intervals between surveys, adds uncertainty to the
achievement of this goal. Compounding uncertainty of the responses of bears to climate
warming increases the complexity of identifying the sustainability of harvest levels
(Regehr et al. 2017, Regehr et al. 2021). Thus, monitoring polar bear populations in the
face of ongoing climate warming is critical for providing local communities that rely on
polar bears with additional information for harvest management decision-making.



Polar bears are divided into 19 relatively discrete subpopulations (Durner et al. 2018)
delineated using a variety of methods, including capture and recapture data, genetics,
and movement data from collared individuals (Paetkau et al. 1999, Taylor et al. 2001,
Amstrup et al. 2004). The Southern Hudson Bay (SH) subpopulation represents the
furthest south continuously occupied area of the globe for polar bears, and, as such, is a
critical location for monitoring the impacts of climate warming. The marine portions of the
SH subpopulation include the eastern and southern portions of Hudson Bay and all of
James Bay (Fig. 1). The subpopulation also encompasses nearly the entirety of the

coastline of Ontario, large areas of the western coastline of Québec, and areas of both
provinces up to 120 km inland.

Arctic
Ocean

ICELAND
Reykjavik
JRevkjavi

FITED

GREENLAND
ATES

aufort NB

1

Bear
Lake

Great
Slave
Lake p ;
Labrador
Sea
Lake
Athabasca

Edmonton
o

CANAD™

Keattle OCaIgary

Rocky Mountains

Lake

Montreal

SUpERial Esri, Garmin, PAO; NOAA, USGS, EPA, NRCan, Parks Canada, Esri, USGS

Figure 1. Boundaries of polar bear subpopulations that are partially or totally under management by
Canadian jurisdictions. SB, Southern Beaufort Sea; NB, Northern Beaufort Sea; VM, Viscount Melville
Sound; MC, M’Clintock Channel; LS, Lancaster Sound; NW, Norwegian Bay; KB, Kane Basin; BB, Baffin

Bay; GB, Gulf of Boothia; FB, Foxe Basin; DS, Davis Strait; WH, Western Hudson Bay; and, SH, Southern
Hudson Bay.



The first abundance estimate for SH was obtained between 1984 and 1986 by Kolenosky
et al. (1992) using physical capture-mark-recapture conducted primarily along the Ontario
coast of Hudson Bay and including some inland areas. This effort extended somewhat
into the current limit of the Western Hudson Bay (WH) subpopulation and produced an
estimate of 763 bears (x 323) but was later adjusted upwards to 1000 bears for
management purposes because no sampling was conducted on the James Bay coast of
Ontario, the Québec coast, or any of the offshore islands of James and Hudson bays
(Lunn et al. 1998). During 1997 and 1998, a capture-mark-recapture effort was
undertaken on Akimiski, North and South Twin Islands in James Bay. Although a formal
estimate was never published for these efforts, Obbard et al. (2007) citing Obbard and
Howe (unpublished data) report abundance estimates ranging from 70 to 110 bears,
which were derived from several models (minimum lower confidence limit across models
= 56 and maximum upper confidence limit across models = 195). Between 2003 and
2005, Obbard et al. (2007) conducted another physical capture-mark-recapture effort,
covering the same area as assessed in the 1980s, but more thoroughly covering areas
up to 40 km inland from the coast. Further, they reanalyzed the data from 1984-1986
excluding captures occurring outside of the current SH subpopulation boundary. This
work estimated that there was an average of 641 bears (95% CI = 401-881) between
1984 and 1986 and 681 bears (95% CI = 401-961) between 2003 and 2005 in the study
area, indicating the population in the surveyed area was likely very similar between the
two survey periods. However, concurrent with these abundance estimates, declines in
the point estimates of survival between the 1980s and 2000s were documented (Obbard
et al. 2007) as well as significant declines in body condition of bears (Obbard et al. 2016).
Further, the ice-free season in SH increased by approximately three weeks between the
1990s and 2010s (Hochheim and Barber 2014). Thus, while it appears that the population
abundance along the Ontario coast of Hudson Bay and the areas inland was largely
similar between the 1980s and mid-2000s, there was evidence that the population might
be facing nutritional issues and attendant declines in survival and body condition related
to declining sea ice. Concurrently, the adjacent WH subpopulation had seen similar
declines in survival and body condition as well as abundance during the same period
(Regehr et al. 2007, Lunn et al. 2016). Lastly, there remained areas of the subpopulation,
including the Québec coast, large portions of the James Bay coast, and several James
Bay and Hudson Bay islands, that had still not been surveyed rigorously enough to
contribute to abundance estimates at that point (Leafloor 1990, Créte et al. 1991).

Although physical capture programs offer some of the best data for understanding polar
bear vital rates and population dynamics, while also enabling the collection of data on
body condition, they are logistically challenging, expensive to undertake, and take several
years to produce robust estimates. Further, Indigenous peoples that coexist with polar
bears have raised concerns about the handling and chemical immobilization of polar
bears for scientific and management purposes (Peacock et al. 2009, Service Canadien
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de la Faune 2010, Henri et al. 2010, Wong et al. 2017, https://www.itk.ca/wp-
content/uploads/2019/08/A09-06-11-Approval-of-Polar-Bear-Research-Methods.pdf
accessed November 16, 2022). Starting in 2011, management authorities for SH and WH
moved to an aerial survey-based approach for enumerating these subpopulations
(Stapleton et al. 2014, Obbard et al. 2015, Dyck et al. 2017). Less information is gained
through aerial surveys relative to mark-recapture efforts, so, after conducting power
analyses, jurisdictions agreed that surveys would occur on a more regular basis and be
repeated every five years. Thus, in 2011, Obbard et al. (2016) implemented a combined
distance sampling and double-observer mark-recapture aerial survey of the Ontario coast
and areas up to 60 km inland along with Akimiski Island. At the time, there was insufficient
funding to also Survey the Québec coast and offshore islands of James and Eastern
Hudson Bay (M. Obbard personal communication), but these areas were subsequently
surveyed in 2012. This was the most comprehensive survey of the SH subpopulation to
date and produced an estimate of 943 bears (95% CI = 658-1350). This survey was
repeated in 2016, with all areas surveyed in a single season (Obbard et al, 2018). This
effort produced an estimate of 780 bears (95% CI = 590-1029), suggesting the population
may have declined between 2011 and 2016. Further, the age composition of observed
bears in the 2016 survey was suggestive of a poor survival of cubs to yearling stage
considering few yearling bears were seen. An additional double-observer mark-recapture
survey of only the coastline of Ontario, where the greatest density of bears occurs, was
conducted in 2018 to examine indices of recruitment and obtain an estimate of the coastal
population. This survey was an exact replicate of a portion of the 2011 and 2016 double-
observer mark-recapture surveys, which allowed for a direct comparison of this portion of
the population across years. The results showed that the proportion of yearlings was
slightly higher in this area in 2018 than in 2016, but the number of bears inhabiting the
coast was slightly lower at 249 bears (95% CI = 230-270) compared to 2016 ( X = 269,
95% CI = 214-297) and substantially lower than 2011 (x = 422, 95% CI| = 381-467,
Northrup and Howe 2019).

Similar to other subpopulations in Canada, the harvest of SH polar bears has long been
targeted for a 4.5% removal rate at a sex ratio of 2 males per female. This rate has been
considered sustainable for polar bears (Taylor et al. 1987), though there is evidence that
it may have been conservative for bears in SH over the last 20 years (Regehr et al. 2021).
Polar bears in the SH subpopulation are harvested by Inuit in Nunavut and Nunavik and
by Cree in Québec and Ontario, though recorded Cree harvests in Ontario were much
greater in the 1970s through 1990s than at the time of this report (OMNRF unpublished
data). Management authority for the SH subpopulation is complex as it is the shared
responsibility of the Governments of Ontario, Québec, Nunavut, and Canada, along with
the Nunavut Wildlife Management Board, Nunavik Marine Region Wildlife Management
Board, the Eeyou Marine Region Wildlife Board, Hunting, Fishing and Trapping
Coordinating Committee, Land Claims Organizations representing Indigenous rights,
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specifically Nunavut Tunngavik Incorporated, Makivik Corporation and the Cree Nation
Government in Québec, and several Cree First Nations in Ontario. The harvest of SH
bears in Nunavut has been managed under a strict quota system since the 1970s,
whereas harvest monitoring in Québec and Ontario remains incomplete as of this report.
Total annual reported harvest within the subpopulation varies annually but averaged 48
bears between 2010-11 and 2020-21 (range 31-104;
https://www.polarbearscanada.ca/en/polar-bears-canada/canadas-polar-bear-
subpopulations; accessed July 22, 2022).

There are sixteen coastal communities in the SH subpopulation (Fig. 2). Between 1980
and 2019, the Inuit community of Sanikiluag, Nunavut had a total allowable harvest (TAH)
of 25 bears at a male to female ratio of 2:1. The Sanikiluaq harvest was reduced to 20
bears per year for two years following the 2011-12 aerial survey. The management
framework allows for annual variation in the actual harvest depending on over- or under-
harvest compared to the TAH (Government of Nunavut 2019). A revision of the Nunavut
polar bear harvest management system in 2019 allows the sex ratio of the harvest to
reach up to one female bear for every male bear (up to 1:1). With this management
change, the TAH for Sanikiluaq remained at 25 bears, indicating the potential for a greater
number of female bears to be harvested after this time. Harvest reporting in Nunavut is
believed to approach 100% and the average annual reported harvest for the 2010-11 to
2020-21 period was 26.2 bears (range 20 to 47 bears).


https://www.polarbearscanada.ca/en/polar-bears-canada/canadas-polar-bear-subpopulations
https://www.polarbearscanada.ca/en/polar-bears-canada/canadas-polar-bear-subpopulations
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Figure 2. Coastal communities falling within the SH subpopulation boundary in Ontario, Québec and
Nunavut.

In Québec, three Nunavik Inuit communities (Inukjuak, Umiujaqg, and Kuujjuaraapik) and
five coastal Cree communities (Whapmagoostui, Chisasibi, Wemindji, Eastmain and
Waskaganish) potentially harvest from this subpopulation. There are currently no legal
requirements for beneficiaries of the James Bay and Northern Québec Agreement
(Québec Government 1976) to report human-caused polar bear mortalities but reporting
and tagging of polar bear hides is necessary for hides to enter the domestic or
international trade market. The proportion of the harvest reported to the Québec
Government is currently unknown. Voluntary agreements were signed in 2011! and 20142
establishing harvest limits within the SH subpopulation for Nunavik Inuit and Cree of
Eeyou Istchee and Ontario, and a total allowable take (TAT) was also established by the
federal and Nunavut governments in 2016 for bears harvested within the Nunavik Marine

1 A temporary voluntary limit of 26 bears for Nunavik Inuit, 25 for Inuit from Sanikiluag, 4 for Cree of Eeyou Istchee, and 5 for
Ontario Cree was established (including subsistence hunting and defense kills) for the 2011/12 harvest season.

2 A temporary voluntary limit of 22 bears for Nunavik Inuit, 20 for Inuit from Sanikiluag, and 3 bears for Ontario and Québec Cree
with alternating division per harvest season for Cree was established for the 2014/15 and 2015/16 harvest seasons.



Region®. However, enforcement of those harvest limits remains problematic, and no
harvest limits have been established in most of the Eeyou Marine Region nor in onshore
Québec. Average annual reported harvest in Québec for the 2010-11 to 2020-21 period
was 19.7 bears (range 5 to 74 bears).

In Ontario, there are three coastal Cree communities that have traditionally harvested
polar bears (Fort Severn, Winisk (Peawanuck) and Attawapiskat). There are three
additional Cree communities (Moose Factory, Fort Albany, and Kashechewan), and one
non-Indigenous community (Moosonee) that are outside the generally occupied range of
bears but occasionally have defense of life and property kills. In 1976, an informal
agreement between the Ontario government and the coastal Cree First Nation
Communities established that a maximum of 30 bear hides could be sealed for trade
annually. The 2011# and 20142 voluntary agreements also set maximum harvest limits on
Ontario Cree but the proportion of the harvest that is reported to the Government of
Ontario is currently unknown. Since polar bears were listed as threatened in Ontario in
2009, the sale of bear parts has been prohibited in the province.

A harvest risk assessment conducted by Regehr et al. (2021) indicated that under
ongoing climate warming, harvest of polar bears in SH would likely need to decline in
coming years to ensure harvest sustainability. Further, evidence outlined above suggests
the SH subpopulation may be experiencing demographic challenges related to ongoing
declines of sea ice. As such, there is a clear, continued need to assess the abundance of
this subpopulation to monitor trend and support harvest management (Regehr et al.
2021). In keeping with management authority goals, a comprehensive aerial survey of SH
was conducted in summer 2021 that maintained a nearly identical design as the previous
surveys. Here we present the results of this third survey to provide a direct comparison
across the three survey periods (2011/12, 2016 and 2021).

METHODS
Study area

The survey area was established according to the known distribution of SH bears during
the ice-free season (Prevett and Kolenosky 1982, Obbard and Middel 2012). This area is
large, topographically and vegetatively diverse, and has high variability in polar bear

3 A harvest limit of 23 bears within the Nunavik Marine Region was established for Nunavik Inuit, with at least one tag allocated to
the Cree of Eeyou Istchee for harvest within the Inuit-Cree overlap area.

4 A temporary voluntary limit of 5 bears was established for the six coastal Cree Nations of Ontario (including subsistence hunting
and defense kills) for the 2011/12 harvest season. Not all Ontario communities were included in discussion about this voluntary limit.



density. It spans large portions of the northern Ontario and northern Québec coasts and
inland areas, with the islands of James Bay and Hudson Bay being part of the Territory
of Nunavut (Fig. 1 and 2). The Ontario portions of the subpopulation are part of the
Hudson Bay lowlands ecosystem, consisting of large wetland complexes, extensive treed
areas and tundra along the coast of Hudson Bay (Fig. 3). This area has little topographic
relief and the coastal portions include extensive tidal flats (Fig. 3). The Québec portion of
the study area consists of a series of long and steep rocky nearshore islands forming the
Nastapoka Island complex as well as a relatively flat and hilly shrub tundra shoreline. The
subpopulation also includes a large number of islands in James and Hudson bays,
including the large Akimiski Island, the Twin Islands and the Ottawa islands complex that
are known to be used extensively by polar bears during the ice free season. Southeastern
Hudson Bay also holds the Belcher islands archipelago spreading over almost 3000 kmz2.
There are numerous Cree and Inuit communities along the Ontario and Québec coast
and one Inuit community on the Belcher Islands.



Figure 3. Representative photos of the vegetation and topography of the SH subpopulation. (A) The majority of the Hudson Bay coastline in Ontario
consists of open tundra with interspersed wetlands and dry beach ridges. (B) There are extensive mudflats throughout the entirety of the Ontario
coastal area. (C) Further inland from the Hudson Bay coast of Ontario is a mix of dry beach ridges, open tundra and wetlands. (D) Further inland
from the Hudson Bay coast of Ontario and throughout most of the inland areas of James Bay there are interspersed treed areas, palsas and wetlands.
(E) eventually, these areas give way to extensive treed areas and large riverine systems. (F) The islands of James Bay contain substantially more
topography than the mainland Ontario portion of the study area. Shown here is North Twin Island. (G) The Québec coastline of James Bay is likewise
more topographically diverse and consists of numerous small rocky islands. (H) Hudson Bay has numerous rocky islands where bears summer.
Shown here is a portion of the Ottawa Islands.



Survey design

We followed the survey design implemented in 2011/12 and 2016 (Obbard et al. 2015,
Obbard et al. 2018) to provide a comparable population estimate. The 2011 and 2012
surveys were designed based on scientific information on the distribution of bears in SH
during the ice-free season and information obtained from consultation with Indigenous
communities in the region. Following the 2012 survey, a second round of consultation
was conducted in Québec to address points raised by Inuit communities and Makivik
Corporation. This resulted in the addition of a series of inland transects perpendicular to
the Québec coast along with a few additional islands in James Bay to the design of the
2016 survey to fully represent the scientific and Inuit knowledge of bear distribution in the
area during the ice-free season. The surveys leverage the fact that Hudson Bay is entirely
ice-free from approximately early August to late November each year during which time
bears in SH are onshore. Further, females do not enter dens until October and November
(Middel 2014), thus, between mid-August and the end of September, all bears are
accessible (onshore) and available to be surveyed. We surveyed the subpopulation
during this time and as close as possible to a similar survey being conducted in adjacent
WH aimed to mirror the 2011 and 2016 WH surveys (Atkinson et al. 2022). As in past
surveys (Obbard et al. 2015, Obbard et al. 2018), we subdivided the study area into
regions based on expected bear density, aircraft type and survey design (Fig. 4). Past
research has shown that the majority of bears in this subpopulation spend the ice-free
season on the Ontario mainland, with a at least 10% of the population also inhabiting the
islands of James Bay and eastern Hudson Bay (Obbard et al. 2015, Obbard et al. 2018).
Although bears are regularly observed during winter along the Québec coast of Hudson
Bay, bears are rare in that part of their range during the summer and are mostly sighted
on Long Island and the Cape Jones area (Nunavik Marine Region Wildlife Board
[NMRWAB] 2018). This was also confirmed by the surveys in 2012 and 2016, which failed
to observe any bears along the Québec coastline or inshore (Obbard et al. 2015, Obbard
et al. 2018). Thus, we divided the study area into 1) the Ontario mainland, coastline, and
Akimiski Island, located in James Bay, 2) the James Bay and Hudson Bay islands,
excluding Akimiski Island, 3) nearshore islands off the Ontario coast and 4) the Québec
coastline and nearshore islands (Fig. 4). Note that below, we aimed to refer to these areas
exactly as they are listed above whenever mentioned to reduce confusion due to the
complex nature of the study design.
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Figure 4. Schematic outlining the different survey areas, designs and analytical techniques used in SH
polar bear survey in 2021.

Ontario mainland, coastline, and Akimiski Island

Most of the bears within the SH subpopulation summer on the Ontario mainland, with the
majority of these bears concentrated along the coast (Kolenosky et al. 1992, Obbard and
Middel 2012, Middel 2014, Obbard et al. 2015, Obbard et al. 2018). However, bears are
also regularly documented far inland. Akimiski Island historically has held a high density
of bears (Obbard et al. 2007), is only a short distance from mainland Ontario and is
reachable via single-engine helicopter. Thus, it was surveyed in an identical manner to
the Ontario mainland. We subdivided the Ontario mainland, coastline and Akimiski Island
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into 2 strata (Fig. 5). We designated areas from 20 km inland out to the waterline,
including exposed mudflats, and the entirety of Akimiski Island as the high-density
stratum. We designated all areas between 20 km and 60 km inland as the low-density
stratum. Although bears have been documented further than 60 km inland (Kolenosky et
al. 1992, Lemelin et al. 2010), such occurrences appear to be relatively rare, and the
timing of the survey was such that pregnant females would not yet have entered their
dens, which can occur far inland. Once the high-density stratum area was delineated, we
further subdivided it into a coastal zone and inland zone (Figs. 4 and 6). The coastal zone
consisted of all areas 500 m inland from the approximate high-tide line out to the
waterline. Depending on when these areas were flown relative to high tide, this coastal
zone could consist of large expanses of mud flats and numerous spits. The inland zone
of the high-density stratum was all areas from 500 m inland from the approximate high-
tide line to 20 km inland.

ort Severn

James Bay

Attawn

Figure 5. Flight lines (black lines) and stratum delineation for distance sampling survey of Ontario mainland,
coastline and Akimiski Island. Purple shading represents the high-density stratum, consisting of all areas
of mainland Ontario within 20 km of the waterline as well as the entirety of Akimiski Island. Orange shading
represents the low-density stratum, consisting of all areas between 20 and 60 km from the waterline.
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Figure 6. Close-up example of the delineation of the Ontario mainland, coastline and Akimiski Island area
into different strata and survey approaches. Purple shading represents the inland zone of the high-density
stratum, consisting of all areas of mainland Ontario between 20 km and 500 m from the approximate high-
tide line, and the entirety of Akimiski Island further than 500 m from the approximate high-tide line. The
green shading represents the coastal zone of the high-density stratum, consisting of all areas from 500 m
inland from the high-tide line to the waterline. Orange shading represents the low-density stratum,
consisting of all areas between 20 and 60 km from the approximate high-tide line. Red line represents the
flight line for the double-observer mark-recapture portion of the survey.

Based on the above, the Ontario mainland, coastline and Akimiski Island area consisted
of 3 sub-areas: 1) the coastal zone of the high-density stratum, 2) the inland zone of the
high-density stratum, 3) the low-density stratum (Fig. 4 and 6). We employed two different
survey techniques within these areas to address the strong variation in bear density
among them. First, we employed a mark-recapture distance sampling survey covering
the entirety of both the low and high-density stratum (i.e., both the inland and coastal
zones in the high-density stratum). Following past surveys (Obbard et al. 2015, Obbard
et al. 2018), transects were spaced 6 km apart across the entire high-density stratum
including Akimiski Island (Fig. 5). Every other pair of transects was extended into the low-
density stratum such that the low-density stratum was flown using pairs of transects
spaced 6 km apart with the pairs separated by 18 km (Figs. 5 and 6). When present,
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these transects were extended out over exposed mudflats. If transects coincided with the
small nearshore islands (see below) known to hold large numbers of bears, they were
truncated at these islands to exclude the islands from our distance sampling estimate
because these were surveyed separately as described below in section: Nearshore
islands off Ontario coast.

For all three survey areas of the Ontario mainland, coastline and Akimiski Island, we
employed distance sampling, flying transects in a Eurocopter EC-130 helicopter at an
altitude of 120 m above ground level (AGL) and a speed of 160 km/h between August 22
and September 1, 2021. The crew consisted of a pilot, navigator (front right side of
helicopter) and two rear observers positioned behind the pilot and navigator. All four,
including the pilot, scanned for bears. Throughout the survey, the same pilot and
observers participated, and all maintained the same position in the helicopter. We erected
an opaque barrier between the front and rear of the helicopter to ensure rear observers
were not alerted to the presence of a bear by the movements of the front observers.
Further, observers allowed sufficient time from first detection of a bear for the other
observers to have detected it. Once sufficient time had elapsed, it was determined
whether the front observer, rear observer or both had detected the bear. We then flew to
the approximate location of where the bear was first spotted and recorded a GPS location
for calculating distance from the transect line. We recorded the position of who had
observed the bear (pilot only, navigator only, back right only, back left only, both observers
on the left or both observers on the right), the age class and sex of the bear (adult male,
lone adult female, subadult, female with cubs of the year, female with yearlings), the group
size, including all dependent offspring, the body condition on a 5 point scale (5 obese, 4
above average, 3 average, 2 below average and 1 emaciated), the activity of the bear
when first spotted, the general habitat where the bear was first seen (e.g., mudflat or
forest), a 3 point subjective scale for visibility, the general weather, vegetation height and
density surrounding the bear, each on a 3 point scale, the degree to which glare from the
sun was impacting visibility on a subjective 3 point scale and lastly, whether the bear was
positioned relative to the helicopter such that it was unavailable to be observed by the
rear observers (i.e., was in the rear observers’ “blind-spot”). The availability of the bear to
be observed by rear observers was reduced for bears near the transect line, but the exact
distance varied depending on the orientation of the helicopter. In crosswind conditions,
the helicopter often was “crabbing” and not oriented in the same direction as the transect
line (Fig. 7) which influenced the position and width of the blind-spot. Finally, if another
bear was observed while collecting covariate information off the transect line, it was not
included in detections as it was assumed to have not been detected from the transect
line.
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Figure 7. Schematic showing the influence of the orientation of the helicopter relative to the flight line on
the ability of rear observers to observe bears on and close to the transect line. In this schematic, the dashed
line represents the transect line and the gray polygon the blind-spot for rear observers. In this example,
because the helicopter was oriented at an angle relative to the transect line, bears would be observable
closer to the transect line for the right rear observer than the left rear observer.

In addition to the distance sampling survey, we also conducted a double-observer mark-
recapture survey covering the coastal zone of the high-density stratum (i.e., the area
within 500 m of the high-tide line extending out to the water line). We flew parallel to the
coast at the approximate high-tide line and recorded detections of bears within 500 m
inland and out to the waterline, including exposed mudflats. Observer setup within the
helicopter, flight speeds, and recorded covariates were as described above. The use of
both distance sampling and mark-recapture survey methodologies results in the coastal
zone being sampled twice: once during the mark-recapture survey where we flew parallel
to the coast and once during mark-recapture distance sampling where transects were
flown perpendicular to the coast. Use of both surveys to obtain an averaged estimate
(Obbard et al. 2015, Obbard et al. 2018) makes the assumption that bear position within
the coastal zone is constant. Although movement of bears due to the helicopter generally
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appears only slight, the coastal zone is narrow and thus the estimate would be subject to
fluctuation from bears moving into or out of the zone due to the helicopter. Thus, we
attempted to fly the coastal zone mark-recapture survey on the same day, but prior to the
overlapping distance sampling transects. Because the coastal zone is part of the high-
density stratum, which extended an additional 19.5 km inland from the edge of the coastal
zone, slight movements into or out of the coastal zone do not affect our distance sampling
estimate. A large number of bears would need to move >20 km in a short period of time
in response to the helicopter for bias to occur.

James Bay and Hudson Bay offshore islands

The James Bay and Hudson Bay Islands were considered high bear density areas and
surveyed between September 2" and September 10™, using double-observer mark-
recapture from a de Havilland DHC-6 Twin Otter airplane. The coverage was identical to
the area surveyed in the 2016 study. We flew at an average altitude of 150 m AGL and
at a target speed of 150 km/h. The shape, size, and topography of the islands in James
and Hudson Bays required variable flight patterns to ensure comprehensive coverage.
We surveyed the Belcher Islands complex in Hudson Bay, which is the largest group of
islands, using transects spaced 5 km apart and running perpendicular to the coast. All
other islands in James and Hudson Bays were flown in a way to ensure complete
coverage of the islands. The survey crew included one pilot and one data recorder in the
front seats of the airplane and four active observers positioned in the rear of the airplane
(two on the left and two on the right). We again erected an opaque barrier between the
front and rear observers positioned in the rear of the airplane and conducted the survey
identically to the mark-recapture protocol outlined above for the coastal zone of the high-
density stratum. In this survey, the pilot and data recorder only indicated that they had
detected a bear if it was directly on the flight line and thus unavailable to the observers in
the rear of the aircraft.

Nearshore islands off Ontario coast

Along the coast of Ontario, there are a few small islands that are known to have large
numbers of bears. Survey methods of distance sampling or mark-recapture are not well
suited due to the small area of the islands and high bear density. Thus, these islands
were surveyed separately using a total count methodology. They were comprehensively
flown with the observer setup outlined above and bears were censused on them.
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Québec coastline and nearshore islands

The survey of the Québec coastline and nearshore islands was similar to the 2012 survey
(Obbard et al. 2015) and was limited to the coastline and nearshore islands. Considering
the absence of polar bears observed during the 2016 survey within the 20 km inland
portion of the survey (Obbard et al. 2018), consultations were conducted with the three
Nunavik communities (Fig. 2) to review important areas where polar bears might be
observed during late summer. All communities agreed that very few bears were present
inland during that time of the year but one additional coastal area, south of Cape Jones
down to the mouth of Seal River, was recommended to be surveyed and was added to
the survey plan (MFFP, Unpublished). The Québec coastline and nearshore islands were
surveyed using an A-Star 350 B2, from August 23 to 27™. A single transect was flown
along the coastline, flying at an altitude of approximately 150 m AGL at a ground speed
of 150 km/h. All nearshore islands were surveyed in a way to ensure total coverage. The
crew consisted of a pilot and navigator in the front of the helicopter and two rear observers
positioned behind the pilot and navigator, with an opaque divider between the front and
back in order to apply the double-observer mark-recapture methodology as described
above for the surveying of the coastal zone of the high-density stratum in the Ontario
mainland, coastline and Akimiski Island area.

Statistical analysis of Ontario mainland, coastline and Akimiski Island distance sampling
surveys

A schematic outlining how each survey and area was analyzed is shown in Figure 8. The
Ontario mainland, coastline and Akimiski Island distance sampling survey was analyzed
using both (1) conventional distance sampling models with covariates (multiple covariate
distance sampling [MCDS]; Marques and Buckland 2003, Marques and Buckland 2004),
following the analysis of Obbard et al. (2018) as closely as possible to facilitate
comparisons, and (2) mark-recapture distance sampling models (MRDS; Borchers et al.
1998, Laake and Borchers 2004) to allow modelling of imperfect detection on the transect
line. MCDS models assume perfect detection of bears on the transect line and
underestimate abundance if this assumption is violated (Buckland et al. 2001). MRDS
models include a mark-recapture sub-model to estimate probability of detection on the
line thereby avoiding the assumption of perfect detection anywhere (Borchers et al. 1998,
Laake and Borchers 2004). Groups of bears, rather than individuals, were treated as the
unit of observation. Estimates of group abundance were multiplied by the mean group
size to convert to estimates of animal abundance. We conducted replicate MCDS and
MRDS analyses including and excluding data from the coastal zone. Both types of models
were implemented in the ‘mrds’ R package version 2.2.6 (Miller et al. 2019, Laake et al.
2022).
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Figure 8: Schematic describing statistical analyses of data collected from different geographic areas and
survey types. Geographic areas appear in bold and match those described under “survey design” above.
> indicates summation of estimates across different geographic areas, x indicates the mean across
different estimates for the same geographic area. MCDS and MRDS refers to multiple covariate distance
sampling and mark-recapture distance sampling analyses, respectively. Gray boxes and arrows indicate
estimates derived using MRDS for the Ontario mainland, coastline and Akimiski Island area, while white
arrows and boxes indicate estimates derived using MCDS for the Ontario mainland, coastline and Akimiski
Island area. Note that because no bears were observed in the Québec coastline and nearshore islands

portion of the study, that geographic region is not shown in the schematic.
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For the MCDS analyses we right-truncated the data at 1750 m following Obbard et al.
(2018) after verifying that distance sampling models fit the truncated data adequately
(tests described below) and that abundances estimated from simple models were not
sensitive to right-truncation distance. We initially considered unadjusted half-normal and
hazard rate forms of the detection function as well as a uniform model with a cosine
adjustment of order 1. Uniform models fit the data poorly or failed to converge so were
not considered further. Potential covariates of the detection function included visibility,
vegetation height, and vegetation density to match the analysis of Obbard et al. (2018).
Covariates were evaluated using forward stepwise model selection where only covariates
that reduced Akaike’s Information Criterion (AIC; Burnham and Anderson 2002) were
retained; vegetation height and density covariates were correlated so were not included
in the same model. We checked whether adjustment terms (cosine of order 1 for the half-
normal model, and simple polynomial of order 4 for the hazard rate model) improved the
fit of the AIC-minimizing covariate models. We tested for significant (a = 0.05) lack of fit
using the X? goodness-of-fit test for binned distance data (Buckland et al. 2001, pp 69-
71) and the distance sampling Cramér-von Mises test (Buckland et al. 2004, pp 388-389).
The AIC-minimizing covariate model was selected for estimation (conditional on adequate
fit), and final estimates were obtained by model averaging abundance estimates (as the
AIC-weighted average abundance; Burnham and Anderson 2002) across hazard rate and
half-normal models with the same covariate(s).

Data from the Ontario mainland, coastline and Akimiski Island distance sampling survey
were also analyzed using MRDS models formulated for independent observers (Laake
and Borchers 2004, Burt et al. 2014). Models with point independence rather than full
independence were expected to be more appropriate for our data because the difference
between front and rear observers’ ability to see bears near the transects ensured that the
correlation between detections from different observer positions increased with distance
from the transect (Burt et al. 2014). We verified that simple point independence models
reduced AIC relative to simple full independence models and used point independence
models thereafter. We right-truncated at 2000 m because visibility was generally good in
2021 and exploratory analyses including goodness-of-fit testing indicated that this
truncation distance provided a slightly better fit to simple DS models. We included
distance as a covariate in all mark-recapture submodels (Buckland et al. 1993, Burt et al.
2014). We also considered a dummy covariate specific to the rear observers at short
distances to account for their reduced probability of detecting groups of bears near the
transect line (Wiig et al. 2022). The largest distance at which a group was recorded as
unavailable to rear observers was 204 m, so all groups detected at this and shorter
distances received a 1 for this “blind-spot” covariate. Other potential covariates of the MR
submodel were group size, observer position (front or rear), side, the interaction between
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position and side, visibility, vegetation height, vegetation density, glare, and stratum (high
or low density). Because vegetation height and density were correlated but describe
potentially different effects of vegetation on observers’ ability to detect bears, we also
evaluated a combined vegetation covariate (Table 1); only one vegetation covariate was
included in any submodel. Potential covariates of the distance sampling submodel
included group size, side, visibility, vegetation height, vegetation density, the combined
vegetation height and density covariate, glare, and stratum. After exploratory analyses
we excluded the “activity” covariate because estimated effects were weak and indicated
that stationary bears were more likely to be detected, including at longer distances, than
moving bears.

Table 1. Definition of vegetation covariate representing the combination of vegetation height and density.
The vegetation height covariate was recorded in the field on a 3-point scale with a height of 1 indicating
vegetation was <1 m, 2 indicating 1-3m and 3 indicating >3 m. The vegetation density covariate was
recorded in the field on a 3-point scale with a density of 1 indicating sparse vegetation, 2, indicating
moderate and 3 dense.

Vegetation height Vegetation density Combined vegetation covariate

lor2 1 1
lor2 2 2
lor2 3 not present in data
3 1 2
3 2 3
3 3 4

We evaluated support for forms of the detection function (unadjusted half-normal or
hazard rate) and covariates using a forward stepwise model selection procedure intended
to avoid overfitting and the inclusion of uninformative covariates in estimating models.
Covariates that increased AIC relative to a simpler model without that covariate were
excluded, covariates that reduced AIC were retained but if the reduction was < 2.0 we
also considered parameter-reduced models excluding those covariates. This approach
differed slightly from the above analysis because here we considered more covariates
and thus needed to evaluate more combinations of covariates. Thus, we required a larger
reduction in AIC to avoid evaluating a cumbersome number of models. An exception to
this procedure was that, following Northrup and Howe (2019), we considered a model
with main effects of side and position and their two-way interaction in all mark-recapture
submodels even if side and position were not supported as main effects alone. We
conducted model selection in 3 steps. First, we held the distance sampling model
constant as the unadjusted half-normal model with no covariates and evaluated
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covariates of the mark-recapture model. Next, we evaluated forms and covariates of the
distance sampling model while holding the mark-recapture model constant at the AIC-
minimizing model. Lastly, we created a set of models that was comprised of all
combinations of the supported (AAIC < 2) mark-recapture and distance sampling
submodels. We checked whether the adjustment terms described above for MCDS
models improved the fit of the AIC-minimizing distance sampling submodels. Before
estimating abundance we checked for significant (a = 0.05) lack of fit using X? tests across
distance intervals for both the mark-recapture and distance sampling submodels, the total
X? value across submodels, and the Cramér-von Mises test. Final MRDS estimates of
abundance were obtained by model averaging across models with supported covariates
and parameter-reduced models in the case of weakly-supported (AAIC < 2) covariates.

In both the MCDS and MRDS analyses, the variance of the abundance of individual bears
combined three components of variance using the delta method (Buckland et al. 2001,
Miller et al. 2019): the empirical variance of the encounter rate among transects (here
estimated using Fewster et al. 's [2009] estimator "S2" for systematic designs), the
variance of detection probability obtained from the fitted model estimated using standard
maximum likelihood methods, and the variance of group size. Where estimates were
calculated by model averaging, model selection uncertainty also contributed to the
variance of bear abundance (Burnham and Anderson 2002).

We post-stratified estimates of abundance by age-sex category (adult females, adult
males, subadults, yearlings, and cubs) to obtain age-sex class specific estimates of
abundance in the Ontario mainland, coastline and Akimiski Island portion of the survey.
This was achieved by combining the estimated probability of detecting clusters of bears
(and its variance) from the AIC-minimizing model fit to data from all clusters with age-sex
class specific group sizes.

Statistical analysis of double-observer mark-recapture surveys

The Ontario mainland, coastline and Akimiski Island coastal zone mark-recapture
helicopter survey and the James Bay and Hudson Bay islands fixed-wing mark-recapture
surveys were analyzed using mark-recapture models for closed populations (Huggins
1989) implemented in the ‘RMark’ R package version 2.2.7 (Laake 2013, Laake et al.
2019). We conducted separate analyses of data obtained from the helicopter survey and
the combined fixed-wing surveys (Fig. 8). Potential covariates of detection probability
included observer position (front or rear, modelled as distinct temporal sampling
occasions), group size, visibility, vegetation height, vegetation density, and position of the
group relative to the aircraft (left, right, or under, coded as “under” where the group was
recorded as unavailable to the rear observer). We fixed detection probability by the rear
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observers to 0 for groups that passed “under” the aircraft for both the fixed-wing and
helicopter surveys. We evaluated support for covariates using the same forward stepwise
procedure described above for the mark-recapture and distance sampling submodels of
MRDS models, except that we used the small sample bias-corrected version of AIC
(AICc; Burnham and Anderson 2002) rather than AIC. We obtained final estimates of the
number of groups of bears and its unconditional variance by model-averaging abundance
estimates across models with supported covariates, and parameter-reduced models in
cases of weakly supported (AAIC < 2) covariates. We estimated the number of individual
bears by multiplying by mean group size and included the variance of group size in the
variance of the number of bears using the delta method.

We did not detect any bears during the mainland Québec coastal and nearshore island
survey. As such, no statistical analyses were applied.

Total abundance estimates

The above analyses produced four separate estimates of bear abundance in the Ontario
mainland, coastline and Akimiski Island area (see also Fig. 8): 1) an MCDS estimate for
the entirety of the area (i.e., the areas overlain by the green, orange and purple polygons
in Fig. 6), 2) an MCDS estimate for the low-density stratum and the inland zone of the
high-density stratum (i.e., excluding the coastal zone, so the orange and purple polygons
in Fig. 6) plus the estimate of the number of bears in the coastal zone (the area in green
in Fig. 6) from the double-observer mark-recapture analysis, 3) an MRDS estimate for the
entirety of the area (i.e., the areas overlain by the green, orange and purple polygons in
Fig. 6), and 4) an MRDS estimate for the low-density stratum and the inland zone of the
high-density stratum (i.e., excluding the coastal zone, so the orange and purple polygons
in Fig. 6) plus the estimate of the number of bears in the coastal zone (the area in green
in Fig. 6) from the mark-recapture analysis. We added the estimated number of bears on
the James Bay and Hudson Bay Islands, and the census number of bears on small
nearshore islands off the Ontario coast, to each of the four final estimates for the Ontario
mainland, coastline and Akimiski Island area to generate estimates for the SH
subpopulation. Finally, we produced two final estimates of the SH subpopulation as the
mean of two subpopulation-level estimates: those calculated from estimates 1 and 2
above for the Ontario mainland, coastline and Akimiski Island area, and those calculated
from estimates 3 and 4 above (see Fig. 8). Unconditional variances around these
estimates were calculated in a model averaging framework assigning the two estimates
equal weight. We present log-normal confidence intervals around all estimates of bear
abundance. All analyses were performed using R software version 4.2.0 (R Core
Development Team 2022).
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RESULTS
Ontario mainland, coastline and Akimiski Island area

We detected 138 groups of bears on distance sampling transects on the Ontario
mainland, coastline and Akimiski Island area, 88 excluding the coastal zone. Right-
truncating at 1750 m for the MCDS analysis removed 9% of observations from both data
sets, leaving 125 and 80 groups in data including and excluding the coastal zone,
respectively. Right-truncating at 2000 m for the MRDS analysis removed 8% of
observations from the complete data set and 7% of observations from data excluding the
coastal zone, leaving 127 and 82 groups in data including and excluding the coastal zone,
respectively.

In the MCDS analysis of the dataset including the coastal zone, the half-normal model
without covariates minimized AIC. However, half-normal and hazard rate models with the
vegetation density covariate had similar support with AAIC of 0.61 and 0.76, respectively
(Table S1), so, for the sake of consistency with Obbard et al. (2018), we estimated
abundance by model averaging across these two models (Table 2). Visibility was the only
supported covariate in data excluding the coastal zone; half-normal and hazard rate
models with this covariate had similar support, and all other models had AAIC > 2 (Table
S2), so we estimated abundance by model averaging across these two models (Table 2).
All MCDS models considered for estimation provided adequate fits to the data (P-values
associated with the X? test for binned distance data and the Cramér-von Mises tests were
all > 0.30). Adjustment terms did not improve fit to either data set.

Table 2. Abundance estimates (N), standard errors (SE), coefficients of variation (CV) and 95% confidence
intervals from multiple covariate distance sampling (MCDS) and mark-recapture distance sampling (MRDS)
analyses of polar bear data including or excluding the coastal zone of the high-density stratum for the
Ontario mainland, coastline and Akimiski island area only.

Analysis type Coastalzone N SE CV 95% CI

MCDS Included 722 111 0.15 535-974
MCDS Excluded 551 99 0.18 388-781
MRDS Included 889 170 0.19 613 -1288
MRDS Excluded 615 119 0.19 422 -897

In the MRDS analysis of the complete data set, the blind-spot covariate, observer
position, side, and glare were supported covariates of the mark-recapture submodel and
the interaction between position and side and visibility were weakly supported (AAIC < 2
relative to simpler models) so additional models including and excluding these latter
covariates were considered. Three submodels with all supported covariates and different
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combinations of weakly supported covariates had AAIC < 2 and were crossed with
supported distance sampling submodels. Glare was supported as a covariate of the
distance sampling submodel (Fig. 9). The combined vegetation covariate was also
supported (Fig. 9), but AAIC was < 2 in the case of half-normal models so we considered
models excluding it. Adjustment terms did not improve fit. Three submodels had AAIC <
2 and were crossed with the three supported mark-recapture models. All nine supported
MRDS models (Table S3) fit the data adequately (P-values associated with the total X?
value across distance sampling and mark-recapture submodels and the Cramér-von
Mises tests were all > 0.65) and were included in model-averaged estimates of
abundance (Table 2).

When data from the coastal zone were excluded, the blind spot covariate, observer
position, side, the interaction between position and side, visibility, and glare were
supported covariates of the mark-recapture submodel in the MRDS analysis. However,
models with the visibility or glare covariates exhibited lack of fit that was sometimes
significant at a = 0.05 and always significant at a = 0.10 (P-values associated with the
total X? value ranged from 0.03 — 0.08); furthermore, these models yielded unrealistically
high estimates of abundance, suggesting data were insufficient to support this level of
model complexity. We therefore combined only the mark-recapture submodel with the
blind spot covariate, position, side, and the interaction between position and side with
supported distance sampling submodels. All other submodels that fit well and yielded
reasonable abundance estimates had AAIC > 2 relative to this submodel. Only visibility
was supported as a covariate of the distance sampling submodel; it reduced AIC of the
hazard rate model by < 2 so we retained models excluding it and combined four distance
sampling submodels (half-normal and hazard rate with and without the visibility covariate)
with the selected mark-recapture submodel (Table S4). Adjustment terms did not improve
fit. All four of these models fit the data adequately and were included in model averaged
estimates of abundance (Table 2). MCDS and MRDS estimates of abundance were
sensitive to the form of the detection function (half-normal or hazard rate) and less
sensitive to covariates.

Post-stratification of the Ontario mainland, coastline and Akimiski island observations by
age-sex class based on the distance sampling data, including the coastal zone, suggests
an adult sex ratio strongly skewed towards females (Table 3). Raw observations from the
coastal mark-recapture survey showed a strongly male biased sex ratio (Table 4).
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Figure 9. Half-normal (left column) and hazard rate (right column) detection functions estimated from the
top two AlC-ranked mark-recapture distance sampling models fit to complete data from SH polar bears
sighted from distance sampling transects in 2021 in the Ontario mainland, coastline and Akimiski island
area, showing effects of supported covariates on the scale of the detection functions (the combined
vegetation covariate and glare). Both models included the same covariates of both submodels; only key
functions differed. The half-normal model ranked 1%t and the hazard rate model had AAIC = 1.3. Top row
shows the effect of the vegetation, bottom row shows the effect of glare. When plotting effects of one
covariate, the other covariate was held constant at the mean value in the data. X-axes show distance from
the transect in meters, y-axes show probability of detection.
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Table 3. Estimates of abundance (N), standard errors (SE), coefficients of variation (CV), lower 95%
confidence limit (LCL), upper 95% confidence limit (UCL) and the mean proportion (Prop.) of the total
estimate comprised of that sex and age class, obtained from post-stratification of MRDS model fit to
distance sampling observations of polar bears in the Ontario mainland, coastline and Akimiski Island portion
of the survey (including coastal zone) in 2021.

Age-sexclass N SE CV LCL UCL Prop.
Adultfemale 366 70 0.19 251 533 0.40
Adult male 173 71 041 79 378 0.19

Subadult 50 21 0.36 30 118 0.06
Yearling 156 38 0.24 98 250 0.17
Coy 167 52 0.31 91 305 0.18

Table 4. Proportions of polar bears of different sex and age classes observed during distance sampling
surveys of the entire Ontario mainland, coastline, and Akimiski Island portion of SH (including the coastal
zone) and from mark-recapture surveys of only the coastal zone within that portion of the study area, 2011
—2021.

Year Adultfemale Adult male Subadult Yearling COY

Distance sampling

2011 0.36 0.20 0.08 0.15 0.19
2016 0.34 0.19 0.06 0.05 0.30
2021 0.37 0.20 0.07 0.18 0.18
Coastal mark-recapture
2011 0.20 0.40 0.13 0.12 0.15
2016 0.19 0.52 0.08 0.03 0.17
2018 0.19 0.55 0.09 0.07 0.10
2021 0.22 0.43 0.11 0.12 0.10

No covariates of detection probability were supported in mark-recapture analyses of data
from the helicopter survey of the coastal zone. Probabilities of detection were high
(observer specific probability of detection = 0.87 from the null model, equating to
approximately 0.98 probability that either observer detected a group of bears) and
estimates of abundance were similar across all models. Multiplying the estimated number
of groups from the null model by mean group size (1.567; SE 0.063) yielded an estimate
of 335 bears (SE 13.9, CV 0.04, 95% CI = 309 — 363).

James Bay and Hudson Bay islands (excluding Akimiski Island)

Side and group size were weakly supported covariates in the mark-recapture analysis of
data from the fixed wing survey of the James and Hudson Bay lIslands. Estimated
probabilities of detection were again high (observer specific probability of detection =
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0.841 from the null model, equating to approximately 0.97 probability that either observer
detected a group of bears) and estimates of abundance were similar across models. The
estimated number of groups obtained by model averaging multiplied by mean group size
(1.455; SE 0.090) yielded an estimate of 116 bears (SE 7.93, CV 0.07, 95 % CI = 102 —
133).

Nearshore islands off the Ontario coast

The comprehensive survey of the nearshore islands off the Ontario coast yielded a total
count of eighty-three (83) bears.

Québec coastline and nearshore islands

No bears were observed along the Québec mainland coast and nearshore islands.

Total abundance estimates

Estimates of total abundance at the subpopulation level ranged from 921 to 1149 and
were lower when using the MCDS approach which assumed perfect detection on the
transect line during distance sampling surveys (Table 5). In total, we saw 148 family
groups during the whole survey, including those seen while off transect or transiting.
Seventy-five of these were females with cubs of the year and 73 with yearlings. The
average cub of the year litter size was 1.57 (¢ = 0.52) and the average yearling litter size
was 1.47 (o = 0.50).

Table 5. Estimates of subpopulation-wide abundance (N), standard errors (SE), coefficients of variation
(CV), lower 95% confidence limit (LCL) and upper 95% confidence limit (UCL) for polar bears in the
Southern Hudson Bay subpopulation. Six estimates are presented representing either multiple covariate
distance sampling (MCDS) or mark-recapture distance sampling (MRDS), excluding the coastal zone,
including the coastal zone or averaging across these two approaches. All 6 abundance estimates include
the 116 bears estimated to be on the James Bay and Hudson Bay islands as well as the 83 bears counted
on the nearshore islands off the Ontario coast.

—

Estimate Method and areas included N SE CV LCL UCL
1 MCDS including coastal zone 921 111 0.121 727 1166
2 MCDS excluding coastal + coastal zone MR 1085 100 0.092 905 1300
3 Mean of 1 & 2 1003 134 0.134 773 1302
4 MRDS including coastal zone 1088 170 0.156 802 1474
5 MRDS excluding coastal + coastal zone MR 1149 120 0.105 937 1410
6 Mean of4 &5 1119 150 0.134 860 1454
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Discussion

The number of polar bears present in the SH subpopulation at the time of the 2021 survey
was substantially higher compared to the last comprehensive survey conducted in 2016.
In 2016, the subpopulation estimate was 780 (95% confidence interval 590-1029; Obbard
et al. 2018), which represented a 17% decline from 2011/12 when the subpopulation was
estimated at 943 (95% confidence interval 658-1350; Obbard et al. 2015). In our current
work, we produced two separate estimates, one (N = 1003 95% CI = 773-1302) that
assumed perfect detection on the transect line as Obbard et al. (2018) did to allow for
direct comparison and one (N = 1119 95% CI 860-1454) that took advantage of a novel
approach to estimating the probability of detection on the transect line while accounting
for the blind spot affecting rear observers (Wiig et al. 2022). The former estimate is most
comparable to the 2016 estimate, but the latter is a more robust estimate of the true
subpopulation size in 2021. Both estimates indicate a greater number of bears within this
subpopulation than in 2016, with the former estimate suggesting a 29% increase in the
number of bears found within the subpopulation in 2021 compared to 2016.

The greater number of bears in SH in 2021 compared to 2016 has two plausible biological
drivers based on the results of this survey and other available lines of evidence, both of
which may be at play to varying degrees: 1) annual variation in the on-land distribution of
bears in SH and WH, and 2) an increase in population growth rate due to reduced
mortality, increased birth rate or both. At the writing of this report, we do not have definitive
evidence for either driver, but discuss the existing evidence for each of these in turn. First,
it seems likely that there was some movement of bears into SH from the adjacent WH
subpopulation in 2021. An increase of nearly 30% in 5 years seems highly implausible for
a species such as polar bears that has a slow life history strategy. Further, the 2016
survey showed very few yearlings, and a survey of only the coastal area in 2018 found
even fewer bears than in 2016 in this portion of the subpopulation. These findings suggest
that an even greater rate of increase would have to have occurred between 2018 and
2021, making it highly unlikely that all of the increase from 2016 to 2021 was from greater
reproductive output or reduced mortality alone. A simultaneous survey of WH (Atkinson
et al. 2022) indicated a decline of 224 bears in WH from 2016 to 2021, which numerically
is the same as the increase in the estimate of SH abundance from Obbard et al. (2018)
and our 2021 survey. Further, genetic identification of individuals sampled through biopsy
darting conducted along the coast of SH and WH indicated that > 20% of the bears
sampled in SH in 2021 had previously been sampled exclusively in WH (McGeachy et al.
2023). These joint lines of evidence suggest that there is variation in the annual on-land
distribution of bears between SH and WH, with more of these bears in SH in 2021.
Although the boundary between WH and SH, in northwestern Ontario, was based in part
on movement and mark-recapture data, there is no major physiographic feature present
and there are large aggregations of bears on offshore islands and peninsulas near the
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boundary. Thus, minor variation in the distribution of these bears could greatly shift the
number of individuals present in WH or SH. Prevett and Kolenosky (1982) suggested that
movements of large numbers of bears occurred between the southern Manitoba coast of
Hudson Bay and Ontario, though this finding was not corroborated by Stirling et al. (2004)
using surveys conducted earlier in the ice-free season. Derocher and Stirling (1990),
focusing on the area of WH directly south of Churchill, MB likewise did not document
movements between the two subpopulations, but did not cover the area of WH closest to
SH where relatively minor annual variation in distribution could lead to large shifts in the
number of bears present in each subpopulation. Further, collaring data from female bears
shows generally high fidelity to onshore areas (Stirling et al. 2004, Obbard and Middel
2012). However, more recently, Cherry et al. (2013) showed that ice conditions were an
important predictor of annual fidelity to onshore areas in WH. Specifically, they found that
when there was greater ice later in the season in SH relative to WH, bears collared in WH
tended to come ashore further from their collaring location. Further, they predicted greater
declines in seasonal fidelity to onshore areas with continued sea-ice decline. The biopsy
darting work (McGeachy et al. 2023), in combination with ongoing physical capture
(ECCC, unpublished data) covered the coast of WH from the border between Manitoba
and Nunavut to the WH-SH border, along with much of the SH coast and is the most
comprehensive data available to date on individual movements; these data are more
comprehensive in coverage than either Derocher and Stirling (1990) or Prevett and
Kolenosky (1982) and use more effective methods for documenting annual movement of
individuals of all sex and ages classes than does telemetry or aerial surveys (e.g., Stirling
et al. 2004, Obbard and Middel 2012).

In contrast to the above evidence for annual variation in distribution of bears leading to
the increase in SH, it is possible that this increase was influenced in part by improved
demographic rates in SH. Several lines of evidence support that the decline in WH from
2016 to 2021 was at least partially driven by reduced reproduction. If this is the case, then
the increase in SH could not be solely driven by distribution shift. First, reproduction and
recruitment in WH appear to have been low throughout the last decade relative to SH and
other polar bear subpopulations (Atkinson et al. 2022). Specifically, cubs of the year
comprised 7%, 11% and 9% of observations of bears in 2011, 2016 and 2021 in WH,
while yearlings comprised 3%, 3% and 9% (Stapleton et al. 2014, Dyck et al. 2017,
Atkinson et al. 2022). In comparison, cubs of the year comprised 16%, 19% and 14% of
observations in SH in 2011, 2016 and 2021 and yearlings comprised 12%, 5% and 13%
of observations (Obbard et al. 2015, Obbard et al. 2018). Further, physical mark-
recapture in part of WH indicates there have been few yearlings during many of the last
10 years (ECCC unpublished data). These numbers alone suggest reproduction is
substantially greater in SH than WH. WH also has seen strong evidence of changes in
sex and age class ratios across the three surveys, with declines in adult females and sub-
adults (Atkinson et al. 2022). Observations data from the 2011, 2016 and 2021 surveys
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in SH however show quite consistent sex and age structure. However, the number of
yearlings in 2021 was high and indicates a rebound from the particularly low numbers
seen in 2016 (Obbard et al. 2018). Annual variability in survival of COYs to yearlings is
not surprising as autumn yearling litter sizes are highly variable (Derocher and Stirling
1995). We also note that the two years preceding 2021 were two of the three years with
the longest duration of sea-ice since 2011 (Figs. 10 & 11). These conditions would have
been favorable for high reproductive output and survival of cubs in the previous two years.
Importantly, with continued warming, these conditions are unlikely to persist and we
expect low recruitment in the coming years.

The above numbers suggest that in recent years, demography is different in WH and SH,
with what appears to be lower reproduction and recruitment in WH. If this is the case,
then the decline seen in WH by Atkinson et al. (2022) may not be all attributable to
distribution shifts of bears to SH. Following, the increase in SH would have to be at least
partially due to increased population growth rate. This potential is supported by the fact
that ice conditions have generally been good over the last 5 years relative to the time
period between 2011 and 2016 (Fig. 10) and that SH appears to have a high capacity for
growth (Regehr et al. 2021). Further, polar bear harvest in SH was lower between 2016
and 2021 than between 2010 and 2015 (37.8 bears per year compared to 58.8 bears per
year, https://www.polarbearscanada.ca/en/polar-bears-canada/canadas-polar-bear-
subpopulations; accessed July 22, 2022). This decrease was in part driven by the
exceptionally large harvest of 104 bears in the 2010/2011 harvest season, of which many
were female. Such a large increase in annual harvest must have had downstream
negative demographic effects due to the increased harvest of adult females, subsequently
potentially depressing growth for a few years. Thus, it seems plausible that the high
harvest in 2010/11 and higher average harvest early in the last decade, along with
relatively poor ice years, could have driven a decline between 2011 and 2016. In contrast,
a subsequent rebound to 2021 levels could be due to lower annual harvests with the
resulting downstream positive demographic effects combined with better ice conditions
that resulted in higher juvenile survival. However, we note again that a 29% increase over
5 years is highly unlikely for polar bears without distribution shift playing some role. Lastly,
it is possible that the apparent increase in SH between 2016 and 2021 was simply
sampling variance in one or both years, whereby the true difference in numbers between
the surveys was exaggerated. We note that it is equally likely that the difference was
underestimated, however.
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Figure 10. Duration of ice-free season in the combined Western and Southern Hudson Bay polar bear

subpopulations, calculated as the number of days in which the combined area had less than 15% sea-ice
concentration. The blue line represents a trend fit to the ice-free days.
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Figure 11. Average sea-ice concentration from July 15 through August 15 for each year from 2011 through
2021 for the Western and Southern Hudson Bay polar bear subpopulations.
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Figure 12. Average sea-ice concentration from July 1 through July 31 for each year from 2011 through
2021 for the Western and Southern Hudson Bay polar bear subpopulations.
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These results have complex implications for harvest management. It is our opinion that
the increase in SH is due to a combination of reduced harvest mortality during 2016-2021
relative to the 2010-2015 period and improved reproductive output due to both lower
harvest levels and improved ice conditions along with annual variation in the distribution
of bears between SH and WH. Resolving the degree to which each of these factors is at
play is critical for harvest management. Harvest levels are set based, in part, on the
number of bears within these subpopulations at the time of surveys. If there are large
shifts of the broader distribution, abundances can appear higher or lower than the true
number of bears available to be harvested in the respective, current subpopulation
boundaries. It remains unclear however, whether such shifts in bears during the ice-free
season persists through the ice season or if WH bears shift out of SH and closer to their
original marking location in WH once they arrive on land the following year. Ongoing
genetic biopsy work along the coastal areas of Manitoba and Ontario along with genetic
identification of harvested individuals in WH and SH may help provide insight into the
seasonal distribution and movements of bears under dynamic sea-ice changes.

Despite the apparent increase in bears in SH from 2016 to 2021, overall, the combined
estimate of WH and SH has declined from 2011 through 2016 and appeared to remain
stable between 2016 and 2021. Bears in WH and SH have experienced declines in
survival and body condition at least partially related to changes in sea ice (Lunn et al.
1997, Obbard et al. 2007, Regehr et al. 2007, Lunn et al. 2016, Obbard et al. 2016, Sciullo
et al. 2016) over the last several decades. Further, both subpopulations are experiencing
longer ice-free periods than in the 1980s (Stern and Laidre 2016) providing less access
for bears to hunt their preferred prey. This research, in conjunction with harvest data
showing high relative harvest rates between 2010 and 2015 plus the results of the 2016
surveys showing declines in abundance and low numbers of yearlings in both
subpopulations (Dyck et al. 2017, Obbard et al. 2018) appeared to suggest that a decline
in abundance was perhaps underway. However, between 2016 and 2021, ice conditions
were more favorable for bears, on average, than between 2011 and 2016, with bears
often able to remain on the ice into August (Figs. 10, 11 & 12, OMNRF and ECCC
unpublished data). These years of relatively good ice conditions, combined with reduced
harvest, may have buffered the population against decline. Indeed, in this current survey,
reproduction appeared healthy with a high proportion of yearlings and cubs. However,
2021 was one of the shortest ice seasons of the past decade and survival of yearlings
and cubs could be impacted. Our post-stratification estimates indicated that 35% of the
SH subpopulation consisted of yearlings and cubs of the year. If the short ice season in
2021 equates to low survival of these bears, the current estimate could immediately
become overly optimistic. Continued monitoring of reproduction, survival and inter-annual
movements within and between both WH and SH will be critical to continue to inform
management during the intervals between aerial surveys.
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Limitations and caveats

This survey and analyses were designed and completed to allow for direct comparison to
the 2016 aerial survey while taking advantage of recent conceptual advances in mark-
recapture distance sampling of polar bears to avoid the underestimation of abundance
that results from incorrectly assuming perfect detection of bears on or very close to the
transect line. These dual estimates could cause confusion, so we provide rationale for the
modelling differences and suggest the most appropriate uses for the different estimates
here. In all three years of the SH survey (2011, 2016 and 2021), there were challenges
in fitting MRDS models. Specifically, models with distance as a covariate of the mark-
recapture submodel counterintuitively did not fit the data well and were not supported by
AIC in any of the 3 surveys. Our analysis of data from 2021 suggests that the rear
observers’ reduced probability of detecting bears near the transect line, such that the
overall probability of detecting bears apparently increased with distance near the transect,
at least partially explains this lack of fit. Obbard et al. (2018) and our MCDS analyses
assumed perfect detection on the transect line. However, these MCDS estimates are
negatively biased if bears on the transect line went undetected during the surveys.
Modelling imperfect detection on the line (MRDS analyses) yields more accurate
estimates if detection probability on the line was < 1.0, and so the best available estimate
of SH polar bear abundance in 2021 is the MRDS estimate of 1119 (95% CI 860-1454)
bears. Future research should analyze data from all three surveys together using a
consistent analytical approach to more formally assess change in bear numbers over
time.

In addition to the above caveat, the three SH surveys show that there is likely some
underestimation in our distance sampling estimate. In each of the three surveys, the
estimate of abundance that combines the distance sampling estimate excluding the
coastal zone with the double-observer mark-recapture estimate for the Ontario mainland,
coastline and Akimiski island area (lines 2 and 5 in table 5 for the current study) produced
a larger abundance estimate than that of the distance sampling estimate alone (lines 1
and 4 in table 5 for the current study). In theory, these estimates should be identical
because the total area included in each estimate is the same, only the method used to
sample and estimate bear numbers within the coastal zone are different. However, in the
2011 survey, the estimate combining the distance sampling and coastal mark-recapture
surveys was 189 bears higher (20% of the final averaged estimate), in 2016 it was 33
bears higher (4% of the final averaged estimate) and in 2021 it was 171 bears higher in
the MCDS estimate (17% of the estimate) and 274 bears higher in the MRDS estimate
(24% of the estimate) compared to the estimate based solely on distance sampling. We
attribute these differences to the highly clustered nature of bear distribution along the
coast, which lends itself to high sampling variability. This proposition is supported by our
sex and age class results; we estimated through post stratification that there were 173
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adult male bears in the Ontario mainland, coastline and Akimiski Island area (95% CI 79-
378) when using the distance sampling survey including the coastal zone but saw 184
adult male bears during the coastal mark-recapture survey. These numbers indicate that
our point-estimate of adult male bears from the distance sampling portion of the survey
was an underestimate, and because adult males concentrate along the coast in large
aggregations, we believe the spatial heterogeneity of this class of bears along the coast
is the driving cause. This logic would also suggest that our averaged estimates (lines 3
and 6 in table 5) are likely underestimates of the total number of bears in the
subpopulation and was likewise an underestimate in 2011 and a smaller underestimate
in 2016. The differences across years also matches well with the evidence that bears are
displaying substantial variation in their distribution from year to year. Male bears are likely
the least philopatric to their summering areas because they do not need to access known
inland areas for denning. Thus, if as theorized, the ice conditions in 2011 and 2021 were
conducive to greater numbers of bears in SH, with fewer bears in 2016, we assume that
most of these bears would be adult males, concentrating along the coast and leading to
the larger differences in the estimates in 2011 and 2021 relative to 2016.

Abundance estimate of SH

In light of the above discussion of limitations, the best available evidence indicates that
using the most up-to-date modeling approach, the best estimate of the number of bears
present in SH in fall 2021 was 1119 (95% CI 860-1454) bears.

Conclusion

Management of polar bears in Canada makes an implicit assumption that subpopulations
are discrete units. Surveys are conducted within the boundaries of subpopulations, and
guotas are subsequently developed based on those results, with bears only counted
against a quota if they are harvested within the bounds of a subpopulation. Although this
assumption is almost certainly violated to some degree in every subpopulation, the
implications for sustainable harvest of polar bears likely varies greatly depending on the
degree of interchange between subpopulations that occurs when surveys to update
estimates of abundance are undertaken. As first proposed by Prevett and Kolenosky
(1982), our results, combined with those of Atkinson et al. (2022) and ECCC unpublished
data suggest that, at least in some years, there is the potential for significant distributional
shifts across the boundary between WH and SH. Therefore, these subpopulations are not
acting as discrete units, which raises significant challenges for developing quotas based
on management boundaries. Further complicating this issue is that much of the WH
harvest occurs during the ice-free season when bears are onshore, whereas the majority
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of SH harvest is on the sea ice (Government of Nunavut, unpublished data) when bears
from Foxe Basin, SH, and WH are free to mix (Peacock et al. 2010). In addition, there
may be strong demographic differences between these subpopulations. We suggest
further research aimed at assessing interannual shifts in distribution, particularly with
ongoing climate warming, examining the proportion of bears harvested in subpopulations
different from the one they are present in during the survey period and continued
monitoring of vital rates in both subpopulations will be key for future management
decisions in WH and SH.
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Supplemental material

Table S1. Multiple-covariate distance sampling (MCDS) models, degrees of freedom,
Akaike’s information criterion (AIC) values and change in AIC from the top model (AAIC)
for models fit to polar bear distance sampling data collected across the entirety of the
Ontario mainland, coastline and Akimiski island area in 2021. Abundance was estimated
by model averaging across models marked with asterisks. See main text for description
of model structure.

MCDS model df AIC AAIC
Half-normal 1 1831.83 0.00
Half-normal + vegetation density* 2 1832.45 0.61
Hazard rate + vegetation density* 3 1832.60 0.76
Half-normal + vegetation height 2 1833.51 1.67
Hazard rate 2 183354 1.70
Half-normal + visibility 2 1833.64 1.80
Hazard rate + vegetation height 3 1833.78 1.95
Hazard rate + visibility 3 1835.34 3.50
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Table S2. Multiple-covariate distance sampling (MCDS) models, degrees of freedom,
Akaike’s information criterion (AIC) values and change in AIC from the top model (AAIC)
for models fit to polar bear distance sampling data collected across the Ontario mainland,
coastline and Akimiski island area excluding the coastal zone in 2021. Abundance was
estimated by model averaging across models marked with asterisks. See main text for

description of model structure.

MCDS model df AIC

AAIC

Half-normal + visibility* 2 1161.75
Hazard rate + visibility* 3 1162.84
Half-normal 1 1164.05
Hazard rate 2 1164.48
Hazard rate + vegetation density 3 1165.00
Half-normal + vegetation density 2 1165.51
Hazard rate + vegetation height 3 1165.89
Half-normal + vegetation height 2 1166.05

0.00
1.09
2.30
2.72
3.25
3.75
4.14
4.30
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Table S3. Mark-recapture distance sampling (MRDS) models, degrees of freedom (df),
Akaike’s information criterion (AIC) values, difference in AIC from the top model (AAIC)
and model weights (wi) used in model averaging for models fit to polar bear distance
sampling data collected across the entirety of the Ontario mainland, coastline and
Akimiski island area in 2021. All models were included when model-averaging to estimate
abundance. We use the top model to estimate the number of bears of different ages and
sex by post-stratification. See main text for description of model structure.

Mark-recapture submodel

Distance sampling submodel

Key
Covariates function  Covariates df AIC AAIC  w;
Blind spot + observer x Half-
side + visibility + glare normal Vegetation + glare 11 2113.29 0.00 0.30
Blind spot + observer x Hazard
side + visibility + glare rate Vegetation + glare 12 2114.60 1.32 0.16
Blind spot + observer + Half-
side + visibility + glare normal Vegetation + glare 10 2114.68 1.39 0.15
Blind spot + observer x Half-
side + visibility + glare normal Glare 10 211487 159 0.14
Blind spot + observer + Hazard
side + visibility + glare rate Vegetation + glare 11 2115.99 2.71 0.08
Blind spot + observer + Half-
side + visibility + glare normal Glare 9 2116.26 2.98 0.07
Blind spot + observer x Half-
side + glare normal Vegetation + glare 9 2116.55 3.26 0.06
Blind spot + observer x Hazard
side + glare rate Vegetation + glare 10 2117.86 4.57 0.03
Blind spot + observer x Half-
side + glare normal Glare 8 2118.13 4.84 0.03
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Table S4. Mark-recapture distance sampling (MRDS) models, degrees of freedom (df),
Akaike’s information criterion (AIC) values, difference in AIC from the top model (AAIC)
and model weights (wi) used in model averaging for models fit to polar bear distance
sampling data collected across the Ontario mainland, coastline and Akimiski island area
excluding the coastal zone in 2021. All models were included when model-averaging to
estimate abundance. See main text for description of model structure.

Distance sampling
Mark-recapture submodel submodel
Covariates Key function Covariates df AIC AAIC  (w)

Blind spot + observer x side Half-normal  Visibility 8 1359.18 0.00 0.51
Blind spot + observer x side Hazard rate  Visibility 9 136053 1.36 0.26
Blind spot + observer x side Half-normal  None 7 1362.06 2.88 0.12
Blind spot + observer x side Hazard rate  None 8 136241 3.23 0.10
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Table S5. Estimates of polar bear abundance within the Ontario and Akimiski island
coastal zone, obtained using double-observer mark-recapture methods along a coastal
transect, proportion of cubs, yearlings and adults for the 4 lasts of surveys conducted in
this portion of SH.

Year Abundance Proportion cubs Proportion Proportion adults
estimate (95% CI) observed coastal yearlings observed coastal
coastal transect transect observed coastal transect

transect

2011 422 (381 — 467) 0.15 0.12 0.60

2016 269 (244 - 297) 0.17 0.03 0.71

2018 249 (230 - 270) 0.10 0.07 0.74

2021 335 (309 — 363) 0.10 0.12 0.67
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ABSTRACT

Modern mainland migratory caribou calving ground photo surveys generally rely on
the assessment of females (and where appropriate, breeding females) combined with
fall composition surveys, to estimate and track herd abundance and trend. From June
2008 through June 2017, assessments of the mainland migratory Qamanirjuaq herd
abundance and trend, have followed similar methods. In June 2022, we set out to
estimate the abundance and trend of females in the Qamanirjuag herd of barren
ground caribou which were then used as one component to generate a whole herd
estimate using fall composition studies. In June 2008, the Government of Nunavut
estimated 215,049 (95% CI1=180,770-249,328; CV=8.1%) adult female caribou on the
Qamanirjuaq annual core calving ground, yielding a whole herd estimate of 344,078
(95% CI=287,208-400,948; CV=8.1%) adult caribou. In June 2014, the survey
estimated 163,066 (95% Cl=136,317-189,815; CV=8.2%) adult female caribou with a
whole herd estimate of 264,718 (95% Cl1=220,634-308.802; CV=8.3%) adult caribou.
The 2014 results confirmed a significant decline (DF=71.3; T=-2.23; P=0.029)
between survey periods, indicating a 23% decline over the 6-year period. Following
up on these observed declines, the herd was again surveyed in June 2017, which
generated an estimate of 178,423 (95% CI=150,468-206,377; CV=7.6%) adult female
caribou, and a whole herd estimate of 288,244 (95% CIl=242,121-334,367; CV=7.8%)
adult caribou, suggesting a non-significant decreasing trend with a yearly A estimate
of 0.98 (CI=0.94-1.01). The June 2022 (this report) abundance survey generated an
estimated 156,540 adult female caribou (95% CIl=116,635-210,099; CV=13.8%),
which yielded a whole herd estimate of 252,892 (95% CI=188,050-340,092:
CV=13.9%) adult caribou. The total number of caribou (including bulls and yearlings)
estimated on the calving ground was 262,272 (95% CI=227,910-296,634; CV=6.4%)
in June 2014 and 252,060 (95% CI=220,721-283,398; CV=6.1%) in June 2017,
compared to 213,079 (95% CI=166,781-272,229; CV=11.5%) estimated on the
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calving ground in June 2022. The overall survey results suggest that the herd appears
to be relatively stable. Comparison of the 2022 to the 2008 estimate directly, indicates
a significant decline. However, an analysis of regression between 2008 and 2022 is
not significant. The mean of the whole herd estimate of the June 2022 survey is
35,352 adult and yearling caribou below that observed in June 2017. Though not
statistically significant, this reduction in the mean estimate highlights the importance
of continued monitoring of the herd. As indicated, periodic re-assessments of herd
abundance are necessary to ensure that any declines can be detected and addressed
by co-management partners as outlined within the Nunavut Agreement. Of equal
importance is the protection of critical range to ensure healthy seasonal range
remains available and accessible to Qamanirjuaq caribou. This is of primary
importance to mainland migratory barren-ground caribou such as the Qamanirjuaq

herd when recovering from cyclical or major declines in abundance.

Key Words: Calving Ground, Photographic Survey, Mainland Migratory Caribou,
Kivallig Region, Barren-Ground Caribou, Qamanirjuaq Herd, Nunavut, Rangifer
tarandus groenlandicus, Population Survey.

>C
Nunaviit



TABLE OF CONTENTS

1.0 INTRODUCTION.....co e ereireccrrr e rre e e s e e r e e 7
2.0 STUDY AREA. ... s e e s e e 13
3.0 METHODS ... s s s s s e e 17
3.1 Visual SUIVEYS.......coieeciirieciirrecrirress s s s s s s e e nnas 17
3.1.1 Double Observer Pair (DOP) Visual Method............................c.......... 21
3.1.2 Systematic Reconnaissance SUIVEY ..............ccccccccooeiiiiiaaiiiiiiiinnnn, 24
3.1.3  Visual Abundance SUIVEYS ............ccccccouuiiiiiiiiiiiiiiiiieeee e 28
3.1.4 Photographic Abundance SUrveys. ...............ccccoooeeiiiiiiieieiiiiiiiiieeeneennn, 30
3.1.5 Double Observer Pair Visual Survey Analysis.................cc................ 30
3.1.6 Modelling of sighting probability variation......................................... 33
3.1.7 Data recorder observations........................ccoooviiiiiiiiiiiiiiee e 34
3.1.8 Analysis of trend....................ccccooiiiiiiiiiiii e 35
3.2 Composition SUIVEYS .......cceeeciiiimmmcecsrrerrresss e e s eeeennnes 36
3.2, CaIVING ..o 36
3.22 Fall/RUL.................oeeeeeeeeeeeeeeeeee e 39
3.3 Spatial studies........ccccceiiiimieecrr e ————- 42
4.0 RESULTS ... rr e s e s e e 43
4.1 Layout of Survey Strata...........ccccceiiiimreeccrr e 43
4.2 Allocation of Survey Effort.........cccoimimciiiicrceeee, 49
4.3 Survey Layout Used for Estimates ..........ccceevrirniricnnnnnneee. 52
4.4 Analysis of Survey Data ..o 56
4.4.1 \Visual survey double observer pair surveys...............ccccccccuvveveennn... 56
4.4.2 Model SeleCtion ................ccccoooiieiiiiiiiiiei e 62
4.4.3 High density photo and visual survey estimates............................... 65
4.4.4 Composition surveys to determine proportions of females ............. 69
4.5 Estimates ... e 70
4.5.1 Estimates of total caribou on the calving ground.............................. 70

4.5.2 Estimates of breeding females and other cohorts on the core breeding
Lo o T1 o Lo R 71
4.5.3 Extrapolated estimate of total herd size.....................c...cccceeeevvvnnnnnnn. 72
4.5.4 Estimates of trend..........................oouumiiiimiiiiiiiiiiiiiiiiieiiieeinaennnnnnnnnnnnnnnns 74

5

Department of Environment Campbell et al. 2024



Estimating Abundance of the Qamanirjuaq Mainland Migratory Barren-Ground Caribou Subpopulation - June 2022

4.6 Changes in Annual Calving Extents .........ccccoorveciiiirncinnen. 79
5.0 DISCUSSION.......cceemcriiiiniir e 84
6.0 MANAGEMENT CONSIDERATIONS ........cccccciiiiineees 88
7.0 ACKNOWLEDGMENTS.........cciiiiiiiiciinirnnneen s 91
8.0 LITERATURE CITED........cciiiiirreeeecccininin e n e e 93

6

>C
Nunaviit



1.0 INTRODUCTION

The Qamanirjuaqg Caribou Herd is the largest herd in the western arctic, occupying
an estimated annual range of 300,000 km?2. Caribou are an extremely important form
of food security, and are socially and culturally important to the well being of the
indigenous peoples of Nunavut, Northwest Territories, Manitoba, and Saskatchewan.
The most recent estimates of caribou use (harvest) suggest Kivalliq Inuit utilize over
8,000 Qamanirjuaq caribou per year, followed by Manitoba Dene utilizing an
estimated 2,000 caribou per year, and Saskatchewan and NWT range-based
communities harvesting an unverified number of caribou per year. Both
Saskatchewan and NWT aboriginal harvesters are thought to utilize approximately
500 to 1,000 animals annually (InterGroup, 2013). Within Nunavut, NWT, Manitoba,
and Saskatchewan, indigenous harvesters are not required to report their barren-
ground caribou harvest, resulting in insufficient data to quantify the harvest across
the entire annual range of the Qamanirjuaq herd. Given these limitations, we relied
on the 2004 Nunavut Wildlife Harvest study, and anecdotal reports gathered by the
Beverly and Qamanirjuaq Caribou Management Board (BQCMB), to approximate the
harvest (Priest and Usher, 2004). In total, an estimated 11,000 Qamanirjuaq caribou
are harvested annually, which would produce an annual dollar equivalent of over
fifteen (15) million dollars in food value to indigenous harvesters. These values likely
represent an underestimate as there remains uncertainty around the actual number
of caribou that are harvested. Within Nunavut, internet sales of caribou meat to other
Nunavut communities are occurring but is not currently tracked or reported.
Regardless of the accuracy of the estimated subsistence harvest, any decline in
productivity, or increase in mortality herd wide, would have a significant impact on

thousands of indigenous peoples across the Qamanirjuaq range.

A satellite telemetry program initiated in 1993 has supported the creation of a
comprehensive location and activity database for the Qamanirjuaq herd. This
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database has been providing biologists, Hunter and Trapper Organizations (HTOs),
Regional Wildlife Organization (RWOs), and inter-jurisdictional and jurisdictional
management boards with the only source of western scientific based information

examining the Qamanirjuaq herds use of their annual range.

Recent movements (within the last 5 years) of Qamanirjuaq caribou cows have
indicated some shifts in calving-grounds, migratory corridors, spring staging areas,
and summer range in the vicinity of resource development infrastructure. Additionally,
Qamanirjuaq winter range over the last ten years has shown considerable overlap
with the Bathurst and Beverly populations of barren ground caribou (Campbell et al.
2012-A; Campbell et al. 2014).

Trend analysis of the Qamanirjuaq herd across the June 1994, 2008, 2014, and 2017
calving-ground photographic surveys indicates a declining trend (Boulanger et al.
2018; Campbell et al. 2015-A; Campbell et al., 2010). Prior to the recorded peak in
Qamanirjuaq herd abundance in the mid-1990s, the Qamanirjuaq herd showed signs
of decline in the early 1950’s (Parker, 1972). These early findings led to an increase
in scientific studies attempting to understand the underlying mechanisms responsible
for the observed declines (Heard, 1985; Parker, 1972). Research interest and efforts
reached a peak between the mid 1970’s and late 1980’s until the results of a June
1982 survey showed that the downward trend had reversed and herd abundance was
increasing (Gates, 1985). This unexpected increase in abundance was not surprising
to local hunters as the local knowledge of the time disagreed strongly with the late
1970s survey estimates.

Abundance surveys of the Qamanirjuaq Herd have documented considerable change
from late 1970s to present. Abundance survey findings suggest the herd dropped
from an estimated 43,800 caribou in 1976 to a historical low of 39,000 adult and
yearling caribou in June 1980 (Heard, 1981; Gates, 1983). These earlier surveys,
however, were visual only, carrying concerns that at high densities, characteristic of
the Qamanirjuaq concentrated calving ground, single observer visual estimates could
be imprecise. To correct this problem, Biologists developed the June barren-ground

caribou calving photographic survey method first deployed on the Qamanirjuaq herd
8
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in June 1983. The new photographic method indicated increases in abundance over
the 1970’s single observer visual methods and has been used since. By 1988 the
herd was estimated to have increased to 221,000 (SE = 72,000), and by 1994, to
495,665 (SE = 105,426), the highest recorded abundance for the herd. By June 2008
the Qamanirjuag subpopulation was estimated to be 344,078 (SE = 44,861) adults
and vyearlings (Russell, 1990; Williams, 1995; Campbell et al., 2010) which

represented a significant decline from the June 1994 estimate.

From June 1983 to present, estimates of Qamanirjuaq herd size have been based on
a combination of aerial photography and visual assessments of the calving ground,
where the numbers of breeding cows are counted and herd abundance extrapolated
using fall composition counts (Table 1). Up until 1994 the herd appeared to have
been growing. Evidence of a decline was first detected In June 2008, at which time
the Government of Nunavut estimated 344,078 (95% CIl=287,208-400,948;
CV=8.1%) adult caribou. A second survey flown in June 2014 estimated 264,718
(95% CI1=220,634-308,802; CV=8.3%) adult caribou. The reduction in abundance
between June 2008 and June 2014 was significant (DF=71.3; T=-2.23; P=0.029)
suggesting a 23% decline over the 6 years between estimates. A survey flown in
June 2017, estimated 288,244 (95% Cl=242,121-334,367; CV=7.8%) adult caribou.
Total number of caribou (adults and yearlings) estimated on the calving ground in
2017 was 262,272 (SE=16,746) in June 2014 and 252,060 (SE=15,493). Weighted
log-linear regression of the adult female estimates from 2008, 2014, and 2017 suggest
a non-significant decreasing trend with a yearly A estimate of 0.98 (C1=0.94-1.01)
further indicating a longer-term declining trend of 2% (Cl=-6% to +1%) per year. Using
a regression simulation approach for the 2008, 2014, and 2017 surveys, Boulanger
et al. (2018) were further able to demonstrate that the majority of trend estimates
suggested a negative trend (A<1). The mean A estimate in this case was 0.975
(percentile 95% CI=0.95-1.00) which is similar to that obtained from regression

analysis.

Community-based information has also raised considerable concern for the future of
the herd across the Kivalliq region due to recent unpredictable movements of the herd

across its spring, calving, and summer range in addition to a thriving inter-territorial

9
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meat sales market largely between the Kivallig and Baffin Regional communities.
These concerns were heightened with a documented drop in relative densities of
calving Qamanirjuaq caribou between reconnaissance surveys flown in June 2008,

2010 and 2012.
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Table 1. A survey history of the Qamanirjuaq Herd showing estimates and the
methods used to derive estimates. Photographic survey methods provide
the most reliable results and are generally used when relative densities
are high.

Total Herd Size
Year Source

Yh SE cv

Parker, 1972

1968 63,000 (Visual Calving-ground Survey)

Calef & Hawkins, 1981

1976 43,800 (Visual Calving-ground Survey)

Heard, 1981
1977 44,095 n/a n/a (Visual Calving-ground Survey)
Heard & Calef, 1986
1980 39,000 n/a n/a (Visual Calving-ground Survey)
1982 180.000 n/a n/a Heard & Calef, 1986; Gates, 1985

(Visual Calving-ground Survey)

Heard and Jackson, 1990; Thomas, 1998;
1983 230,000 | 59,000 0.258 Williams, 1995
(Calving-ground Photo-Survey)
Heard and Jackson, 1990; Thomas, 1998;
1985 272,000 |142,000 | 0.523 Williams, 1995
(Calving-ground Photo-Survey)
Heard and Jackson, 1990; Thomas, 1998;
1988 221,000 | 72,000 0.328 Williams, 1995
(Calving-ground Photo-Survey)

Unpublished data; Thomas, 1998
(Calving-ground Photo-Survey)

1994 495,665 105,426 | 0.213

Campbell, Nishi, & Boulanger, 2010

2008 344,078 48,861 0.081 (Calving-ground Photo-Survey)

Campbell, Boulanger, & Lee. 2015
2014 264,718 21,913 0.088 (Calving-ground Photo-Survey)

Campbell, Boulanger, & Lee. 2018
2017 288,244 22,438 0.078 (Calving-ground Photo-Survey)
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The present work was designed to re-assess the abundance and trend of the
Qamanirjuaq mainland migratory barren-ground caribou subpopulation. We designed
the survey to meet the following 4 objectives: 1) Obtain an estimate for the number of
females on the calving ground with a coefficient of variation of <15%; 2) Determine
the trend in herd abundance since 2008; 3) Estimate the ratio of breeding females to
the total number of females at peak of calving as an indicator of productivity; 4)
Delineate the spatial extent of the annual calving ground and compare this to historical

calving ground use.
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2.0 STUDY AREA

Using annual location data collected from satellite and GPS collars between 1993 and
2013 we estimated the Qamanirjuaq caribou herd range to cover an estimated
310,000 km?, (Figure 1). The annual range is large with its northern extents starting
from the southern shores of Baker Lake and Chesterfield Inlet (latitude 57 degrees
north), extending south to northeastern Saskatchewan and northern Manitoba. The
Qamanirjuaq range is bounded to the east by the Hudson Bay coastline and to the
west by longitude 105 degrees. The annual range covers four jurisdictions NWT,
Manitoba (Man), Saskatchewan (Sask), and Nunavut (NU), and includes seven
communities; Brochet Man., Tadoule Lake Man., Black Lake Sask., Wollaston Lake
Sask., Arviat NU, Whale Cove NU, Rankin Inlet NU, Baker Lake NU, and Chesterfield
Inlet, NU. Most of the annual range including the calving and post-calving range, as
well as the spring and fall migration corridors, lie entirely within Nunavut, while the

early- mid- and late-winter ranges extend into all four jurisdictions.

The Qamanirjuaq caribou annual range extends from the northern Arctic ecozone at
its northeastern edge through the southern Arctic ecozone into its largest expanse in
the taiga shield ecozone and ending with its southern tip within the boreal shield
ecozone and at its southeastern tip within the Hudson plain ecozone (Environment
Canada, 2009, Figure 2). Though the herd occupies five different ecozones, it rarely
ranges into the northern arctic ecozone and are more commonly observed within the
southern arctic ecozone during spring and summer. Dominant seasonal range within
the southern arctic ecozone include spring migratory, calving, post-calving and
portions of the early summer range. The Taiga Shield covers the largest portion of
the Qamanirjuaq herds annual range making up most of the herds late summer, fall
migration, fall rut, early winter, and late winter seasonal ranges while the Hudson
Plains and Boreal shield are less commonly used across most years (Campbell et al.
2012: Environment Canada, 2001; Wiken, 1986).

13
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The Southern and Northern arctic ecozones are dominated by open tundra largely
made up of graminoid, herbaceous shrub, and ericaceous shrub habitats, with lichen
mats common across aggregate glacial deposits, beach ridges, and rocky ridges. The
Taiga Shield is dominated by open lichen woodlands with interspersed grasslands
and shrubby habitats, While the Hudson plains and Boreal shield ecozones are more
dominated by closed conifer and mixed forest, arboreal lichens, with interspersed

grasslands and shrubby habitats.
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Figure 1. The annual range extents (bold black line) and annual concentrated calving
area (dark blue, green, and yellow) of the Qamanirjuag barren-ground
caribou herd. Range extents were calculated using a kernel analysis of
satellite and GPS collar data collected between November 1993 and April
2013 (Campbell et al. 2014).
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(Environment Canada, 2001; Wiken, 1986). Dark shading is the known
Qamanirjuaq annual range (The communities of Hall Beach and Repulse
Bay have since been renamed Sanirajak and Naujaat respectively).
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3.0 METHODS

The 2022 Qamanirjuaq barren-ground caribou double observer pair (DOP) visual and
photographic calving ground survey was based out of the community of Rankin Inlet,
Nunavut, with periodic refueling stops in the community of Arviat, 300 km south of
Rankin. The survey was structured into five main components: 1) Systematic
reconnaissance DOP visual survey, 2) DOP visual abundance survey, 3) Photographic
abundance survey, 4) Density-based abundance strata composition surveys and 5) fall
composition surveys. The systematic reconnaissance survey was initiated when GPS
collar movement rates reached or fell below 5 km/day. The purpose of the
reconnaissance survey was to develop strata to delineate discrete areas of similar
breeding female and non-breeding female relative densities, commonly termed very
low, low, medium and high. These delineated strata were then flown during the
abundance phase of the survey using degrees of flying effort that would grade from high
percent coverage in the highest density strata, to lower percent coverage within lower
density strata. Aerial photography was utilized within the highest density strata where,
in past surveys, densities have been found to be too high for accurate visual counts.
The DOP visual abundance survey and the concurrent stratum-based composition
surveys were used to estimate the total number of females and breeding females on
the annual concentrated calving grounds, while fall composition survey results were
used to extrapolate female abundance to whole herd estimates by incorporating the

male to female ratio.

3.1 Visual Surveys

17
Department of Environment Campbell et al. 2024



Estimating Abundance of the Qamanirjuaq Mainland Migratory Barren-Ground Caribou Subpopulation - June 2022

Two high-wing, twin engine, turbine, DeHavilland Twin Otter aircraft were used for both
the reconnaissance and visual abundance surveys across the entire survey study area.
Left and right observation strip widths were established using streamers attached to the
wing struts (Figure 3). To configure the strip widths (w) on aircraft struts we used
Norton-Griffiths (1978) formula:

w=W*hH
Where:
W = the required strip width;
h = the height of the observer’s eye from the tarmac; and

H = the required flying height

Based on decades of aerial wildlife survey work and analysis, the strip width was
configured out to 400 meters at 122 meters above ground level (AGL) on each of the
left and right aircraft struts, for a total transect width of 800 meters. All aircraft were
equipped with radar altimeters to ensure an altitude of 122 meters AGL was maintained
accurately while on transect. During the reconnaissance survey, caribou were classified
where and when possible as adult with or without antlers, adult with or without calf,

female, yearling, or bull.

The DOP method implemented during all phases of the June 2022 reconnaissance and
abundance surveys is very similar to the strip transect method used in pre-2008 calving
ground surveys with the exception of the addition of a second pair of observers. The
double observer pair method allows for the comparison of caribou sightability between
front observer pairs (primary observers) and rear observer pairs (secondary observers).
Due to the high densities of observations typically encountered during barren-ground
caribou surveys, we utilized a cooperative modification to the method between same
side observers. This modification allows same side observers to discuss their

observation as long as ample time is given to ensure each observer has actually seen

18
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the same group. For every observation, we collected additional information (co-
variates) including visibility, ground speed, percent snow cover, elevation indices, and
percent cloud cover to help estimate caribou sightability and resulting most
representative statistical models used to assess abundance and associated reliability.
Off-transect observations were optional during the abundance phase of the survey so
that observers could maintain their primary focus on effectively searching the 400-meter

strip of ground between the strut markers, also termed the observation bin.

To increase data entry speed without reducing accuracy, and to reduce the time required
to perform preliminary analysis of reconnaissance data for abundance survey
stratification, a digital data entry system, termed the “Aerial Wildlife Survey -
Observation Collector” (AWS-OC), was utilized for this survey (Campbell et al. 2012).
The software was developed by the Government of Nunavut, Wildlife Research
Division, in collaboration with Integrated Ecological Research, Caslys Consulting Ltd,
and Nunavut Tunngavik Inc (NTI), in 2011, and originally deployed on the June 2011
Beverly mainland migratory barren-ground caribou calving ground abundance survey
(Campbell et al. 2012). Since its original launch, improved hardware, and some
enhancements to the AWS-OC software had been undertaken prior to its deployment in
June 2022 (Boulanger et al. 2018). The AWS-OC software operates with Windows
editions 7 through 10 and was developed specifically for use in both independent and
dependent double-observer pair aerial caribou surveys, including distance-sampling
applications, to facilitate the collection of field data, and the subsequent management
of the resultant observation dataset. This tablet-based system allows for the
instantaneous entering of caribou group waypoints (observations) directly into a digital
database. Data entry time was cut by approximately 50% over standard hand written
datasheets, with the added benefits of continuous back up onto a USB drive into a digital
database with no additional data entry required.
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3.1.1 Double Observer Pair (DOP) Visual Method.

The double-observer pair method was designed to increase the accuracy and precision
of wildlife observations during visual surveys using both fixed wing and rotary wing
aircraft. This method involves two pairs of observers on each of the left- and right-hand
sides of the aircraft. Two “primary” or front observers who sit in the more forward seats
over the wing struts and two “secondary” or rear observers who sit behind the primary

observers (Figure 4). By design the method adheres to five basic steps:

1) The primary observer called out all groups of caribou (number of caribou and location)
he/she saw within the 400-meter-wide strip transect before they passed halfway
between the primary and secondary observer (approximately at the wing strut). This
included caribou groups that were between approximately 12 and 3 o’clock for right
side observers and 9 and 12 o’clock for left side observers (Figure 4). The main
requirement was that the primary observer be given time to call out all caribou seen
before the secondary observer called them out;

2) The secondary observer called out whether he/she saw the caribou that the first
observer saw and observations of any additional caribou groups. The secondary
observer waited to call out caribou until the group observed passed half way between
observers (between 3 and 6 o’clock for right side observers and 6 and 9 o’clock for

left side observer);

3) The observers discussed any differences in group counts to ensure that they had
called out the same groups or different groups and to ensure accurate counts of larger
groups;

4) The data recorder, one in front of the left side observers and the second in front of
the right-side observers, categorized and recorded counts of each caribou group into

“front only”, “rear only”, and “both”, while recording predetermined co-variates; and

5) The left two observers and right two observers switched places approximately half

way through each survey day (i.e. during refueling or within a stratum) to address

't
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observer ability and sightability differences between the front and rear seats. The

recorder noted the names of the front and rear observer for all observations.

The sample unit for the survey was “groups of caribou” not individual caribou. Recorders
and observers were instructed to consider individuals to be those caribou that were
observed independent of other individual caribou and/or groups of caribou. If sightings
of individuals were within close proximity (within an estimated 200 meters) to other

individuals then the caribou were considered a group.
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Figure 4. Observer position for the double observer pair method deployed on this
survey using Twin Otter aircraft. The rear (secondary) observer (blue
shaded area) calls caribou not seen by the front (primary) observer after
the caribou have passed the main field of vision of the front observer (light
green shading). The small hand on a clock is used to reference relative
locations of caribou groups (e.g., “Caribou group at 3 o’clock” would
suggest a caribou group 90° to the right of the aircrafts longitudinal axis.).
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3.1.2 Systematic Reconnaissance Survey

The systematic reconnaissance survey was designed to estimate relative densities and
delineate aggregations of females and breeding females (hard antlered cows or cow/calf
pairs) for the purposes of stratifying the calving ground for the subsequent photo and
visual abundance surveys. We used the observed locations of hard-antlered cows,
newborn calves and aggregations of bulls and yearlings to delineate the spatial extent
of the annual calving ground (Heard and Jackson, 1990; Thomas, 1998; Williams, 1995;
Bergerud et al. 2008). The systematic reconnaissance survey of the annual calving
ground was flown June 6" and 7%, 2022. Some additional reconnaissance was flown
June 9™ following the completion of the abundance phase and along known spring

migratory corridors to ensure distributions of breeding females were not missed.

The reconnaissance survey was based on a systematic array of transects running north-
south (Figure 5) and spaced at 10-kilometer intervals. Each transect was further divided
into adjoining 10 kilometer transect segments, with each segment identified by a unique
alpha-numeric code assigned to the transect station defining its northern end. The
reconnaissance survey used these pre-determined transect segments (defined as one
10 km segment between two transect stations) to bin caribou observations for the
purposes of calculating relative density within the segment. A rigid set of criteria
governed when the 10 kilometer transect segments were flown. Criterion controlling
when and where transect segments would be flown varied slightly across the calving

distribution.

As the historic distribution of the Qamanirjuaq herd consistently displayed a distinct
northern boundary along the leading edge of known migratory extents, while the
southern, eastern, and western extents showed more inter-annual variability. For these
reasons, rules controlling when to discontinue a transect varied between the northern
extent of the distribution and that of the southern, eastern and western. Consecutive
transect segments were flown north along the reconnaissance grid until no females
and/or breeding females (hard antlered cows or cow/calf pairs) were observed within
the ten-kilometer segment being flown. To further define the northern limit of breeding

and non-breeding cows, parallel ten kilometer transect segments, adjacent to the
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additional northern segment, would also be flown. Along the more southerly “trailing
edge” of the observed caribou distribution, the reconnaissance survey continued two full
transect segments (including those segments directly east and west) beyond any
surveyed segment where fewer than 2 breeding females/females were observed. On
the western extents where caribou densities were in excess of 5 animals per ten
kilometer transect segment and/or breeding female densities below 2 per transect
segment, additional western transects would be flown at 20 km spacing between
transects rather than ten, to increase area coverage and to ensure aggregations of
breeding females/females were not missed. We intermittently continued the
reconnaissance along known spring migratory corridors to ensure distributions of

females/breeding females were not missed (Figure 6).

Following the systematic reconnaissance but prior to the initiation of the visual and
photographic surveys, all tabulated observations were entered in to ESRI GIS software
to calculate relative densities of breeding females using a tool utility. The relative density
tools were built in ESRI’s Model Builder (v9.1) utility and loaded into Arc Toolbox. The
tools allowed us to calculate the relative density of observed caribou locations along the
reconnaissance transects and associated transect segments and display these results
on a map. We used vector-based analysis methods based on the following steps: 1)
The survey transect segments were buffered by a user-specified width (i.e., 800 meters)
yielding polygons that were 8 km? (i.e., 0.80 km wide x 10 km long); 2) The survey
observations points were intersected with the derived buffer polygons; 3) The density
was calculated for each polygon by dividing the number of 1+ year-old caribou by the
area of the buffer polygon (#1+ year old caribou/km?); 4) The relative density (#obs/km?)
is then thematically displayed on a map based on pre-defined classes or bins. The
resulting graphics were then used to stratify the breeding female/female distributions
into High, Medium, low, and very low-density strata to prepare for the abundance phase

of the survey.
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Figure 5. Potential reconnaissance transects and transect stations designed to

cover the known extent of calving for the Qamanirjuaq barren-ground caribou
herd in June 2022. These same transects were used in all consecutive surveys
flown from June 2008 to present. Not all lines shown in this figure were flown

during the 2022 survey.
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flown June 6" and 7™, 2022. Yellow dots show all collared Qamanirjuaq

caribou cow locations over the same period.
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3.1.3 Visual Abundance Surveys

The visual abundance survey was conducted within 4 low to medium density strata all
located entirely within the breeding female/female distribution identified using
reconnaissance survey results (Figure 7). Stratum boundaries were visually aligned
with the relative density graphic to capture transect segments of similar density. All
visual strata were surveyed immediately following the completion of the systematic

reconnaissance of breeding female/female distributions.

The visual survey followed the same methods as the systematic reconnaissance survey
with the exception of transect allocation, coverage, and alignment. Transects within
each of one medium density (vis-1), one medium-low density (vis-4), and two low density
(vis-3+4) strata were aligned at right angles to the longitudinal axis of the stratum to
maximize the total number of transects (N). Transect spacing was allocated based on
relative densities calculated within each individual stratum (Figure 7). Within the
medium density stratum transects were placed three kilometers apart providing
approximately 30% coverage, while within low and very-low density strata, transect

spacing was set at 3.17 km and 10 km yielding 30% and 9% coverage respectively.

Visual survey data collected within each stratum were analyzed using Jolly’s Method 2
for unequal sample sizes (Jolly 1969 in Norton-Griffiths 1978). Only counts of adults
were used for the final population estimates. Lake areas were not subtracted from the

total area calculations used in density calculations.
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Figure 7. Reconnaissance transects with transect station relative densities overlaying
strata derived using reconnaissance relative abundance segment
estimates. Data collected, and strata derived during the 2022 Qamanirjuaq
calving ground photographic abundance survey.
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3.1.4 Photographic Abundance Surveys

Aerial photography provides more accurate abundance estimates of large mammals due
to its ability to remove in-flight observer error and bias, and replace it with more
controlled interpretation after the fact. This advantage is significantly increased when
caribou relative densities exceed 10 to 15 caribou per kilometer squared, a point at
which in flight observer error can become substantial. The photographic component of
the survey used a single engine low wing Piper Malibu turbine aircraft. The aircraft was

equipped with a radar altimeter and a digital camera with forward motion compensator.

The photographic component of the 2022 Qamanirjuaq calving ground survey was
designed to capture relative densities of adult and yearling female and breeding female
caribou in excess of ten caribou per kilometer squared as close to the completion of the
systematic reconnaissance survey as possible. The photographic abundance survey
was completed June 8, 2022. As in the visual survey, transect spacing within the high-
density photo strata was allocated based on proportional densities and available
resources (Heard, 1987). During the June 2022 survey effort, high density transect
coverage ranged from 45% to 54% coverage over the photo-north and photo-south
photographic strata respectfully. Approximately 4,000 photos were taken within
delineated photographic abundance strata, representing an estimated 900 linear

kilometers of flying.

3.1.5 Double Observer Pair Visual Survey Analysis
Removal models in the mrds package were used to estimate and model sighting
probabilities. In this context, double observer sampling can be considered a 2-sample
mark-recapture trial in which some caribou are seen (“marked”) by the (“session 1)
primary (front) observer of which some are also seen by the secondary (rear) observer
(“session 2”). The second observer may also see caribou that the first observer did not
see. This process is analogous to mark-recapture except that caribou are sighted and

resighted rather than marked and recaptured. A group of caribou rather than the
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individual caribou was the sample unit given that the sighting probabilities of caribou

within a group were not independent.

In the context of dependent observer methods, the sighting probability of the secondary
observer was not independent of the primary observer. To accommodate this, removal
models were used which estimated p (the initial probability of sighting by the primary
and secondary observer) and c (the probability of sighting by the secondary observer
given that it had been already sighted by the primary observer). Note that resighting
probability (c) is not equivalent to the initial sighting probability of a caribou (p). Also,
the removal model assumed that the initial sighting probability of the primary and
secondary observers was equal. Therefore, observers were switched midway in each
survey day, and covariates were used to account for any differences that were caused
by unequal sighting probabilities of primary and secondary observers (as discussed
later). The combined probability that a group of caribou was seen by at least one of the
observers (p*) was therefore 1-(1-p) (1-p). Figure 8 provides a conceptual argument
for how p*is estimated. It is p* that is then used to estimate the overall sightability of

caribou and adjust counts for caribou not sighted.
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Figure 8.

’C
Nuiavit

Primary observer Secondary observer Probabilities Outcome

Sees caribou (p)(c) Caribou seen by 1,2

Sees caribou

Does not see

caribou (p)(1-c) Caribou seen by 1

/

caribou

e
1-¢
Sees caribou (1-p)(p) Caribou seen by ,2
Does not see / )P iy
Ip

Does not see
catibou (I-p)(1-p) Caribou not seen by 1,2

Probabilities sum to 1

Conceptual diagram of how the probability of both observers not sighting a
caribou group is estimated, and how the probability that at least one of the
observers sees the caribou group (p*) is estimated. The green boxes
correspond to outcomes where caribou are seen and the red box
corresponds where both observers do not see a caribou group. Mark-
recapture methods are used to estimate sighting probabilities for the primary
observer 1 and primary observer 2 (using data from when each observer is
situated as the primary observer). Using these probabilities, the probability
that a caribou is not seen can be estimated. In a method analogous to
flipping a coin, each observer will see or not see a caribou as described by
p (caribou seen) or 1-p (caribou not seen). Each of these outcomes can
then be multiplied to obtain the probabilities for both observers combined.
Because the two observers do communicate, the events are not
independent and therefore the re-sighting probability of the secondary
observer has to be adjusted (to c¢) using behavioral response removal
models when the caribou was called out by the primary observer. However,
since the probabilities sum to 1 it is possible to estimate the overall
probability that the caribou group is sighted (p*) as one minus the probability
that none of the observers saw the caribou (7-pob1)(71-pov2) (the red box) or
by summing the probabilities in the green box.
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Estimates of caribou within survey strata, and associated variance, were estimated
using the mark-recapture distance sampling (MRDS) package (Laake et al. 2012) in
program R program (R Development Core Team 2009). In MRDS, a full independence
removal estimator which models sightability using only double observer information
(Laake et al. 2008a, Laake et al. 2008b) was used therefore making it possible to derive
double observer strip transect estimates. Strata-specific variance estimates were
calculated using the formulas of (Innes et al. 2002) with the “S2” encounter rate
estimator (Fewster et al. 2009). Estimates from MRDS were cross checked with strip
transect estimates (that assume sightability=1) using the formulas of Jolly (1969) (Krebs,
1998). Data was explored graphically using the ggplot2 (Wickham, 2009) R package.
GIS operations were conducted using the simple features (Pebesma, 2018) R package
and QGIS software (QGIS Foundation 2020).

3.1.6 Modelling of sighting probability variation
One assumption of the double observer method is that each caribou group observed
had an equal probability of being sighted. To account for differences in sightability we
also considered the following sightability covariates in the MRDS analysis (Table 2).
Each observer pair was assigned a binary individual covariate and models were
introduced that tested whether each pair had a unique sighting probability. Previous
analyses (Campbell et al. 2012, Boulanger et al. 2014a) suggested that the size of the
group of caribou had a strong influence on sighting probabilities and therefore we
considered linear and log-linear relationships between group size and sightability (Table
2). Cloud and snow cover, recorded by data recorders, were recorded as ordinal
rankings as they changed across any given observation entry. We suspected that
sightability was most likely lowest in mixed snow cover conditions and therefore we
considered both categorical and linear models to describe variation in sightability caused
by snow cover. Cloud cover, or the lack there of, could also influence sightability by
causing glare, flat light, or variable lighting. We used the same basic strategy to model
cloud cover variation and snow cover variation. Survey phase (reconnaissance or visual

abundance survey) was also considered.
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Table 2. Covariates used to model variation in sightability for double observer

analysis.
Covariate Acronym Description
observer pair obs each unique observer pair
group size size size of caribou group observed
Log(size) Natural log of group size
snow cover snowF snow cover (0,25,75,100)
snowc continuous
cloud cover cloudcat cloud cover (0,10,25,75,100)
cloud continuous
Strata Strata Strata
Survey phase Phase Recon or visual

The fit of models was evaluated using the Akaike Information Criterion (AIC) index of
model fit. The model with the lowest AICc score was considered the most parsimonious,
thus minimizing estimate bias and optimizing precision (Burnham and Anderson, 1998).
The difference in AlCc values between the most supported model and other models
(AAICc) was also used to evaluate the fit of models when their AlCc scores were close.

In general, any model with a AAIC. score of less than 2 was worthy of consideration.

3.1.7 Data recorder observations
Data recorder observations, where data recorders saw caribou that were not observed
by observers, were recorded for all of the observer pairs. Data recorder observations
do not necessarily need to be included in analyses given that the method allows for
observers to miss caribou and therefore the fact that a small percentage of caribou are
only seen by data recorders is not surprising. In the context of the dependent double
observer method, use of data recorder observations presents some challenges. First,
observations from the data recorder are partial; the data recorder only records

observations that he/she observes but are not observed by either other observer which

g 002t

Nunavut

34



limits the ability to use data recorder observers as a unique third observer. In this
context, data recorder observations supplement the secondary observer in “testing” the

primary observer.

One approach to include data recorder observations is to pool the secondary observer
and data recorder as a single observer. The main potential issue caused by this
approach is that it will increase the difference in detection probabilities between the
primary and secondary observer regardless of observer position therefore violating the
assumption of equal detection probabilities between observers. This could be thought
of as always having one primary and 2 secondary observers that have a combined
higher detection probability. Because the removal estimator considers observer order,
this approach could potentially cause a negative bias in detection probabilities with a
subsequent positive bias in abundance estimates. This scenario would likely
correspond to cases when both observers have reasonable sighting probabilities.
Another scenario, that likely occurred, was where both observers were weak and not
including data recorder observations substantively reduced observations leading to a
negative bias in estimates. In this case, observer probabilities are low and cannot be
estimated using the double observer data alone. To detect this potential scenario, we
estimated detection probabilities with and without data recorder observations under that
rationale that these pairs could be identified by large differences in detection
probabilities with data recorder observations included and excluded. In this case
observations from these pairs were potentially included in the analysis with the
secondary and data recorder observations pooled.

3.1.8 Analysis of trend

As an initial step estimates were compared using a t-test (Zar, 1996) with variances and
degrees of freedom calculated using the formulas of (Gasaway et al. 1986). This
comparison gave an initial indication of change in population size, but did not consider

the survey interval between two surveys.

Estimates of trend were derived using ratios of estimates for pooled and post stratified
estimates. A simulation approach that assumed log-normal distributions of estimates
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was used to test for significance between successive estimates as well as confidence
limits on overall (gross) change and yearly change in estimates. Confidence limits were
then derived based on the 2.5" and 97.5" percentile of the resulting distributions of

gross change (GC) and annual change (with A = GC(V/survey interval))

Weighted regression analysis was also used to estimate trend from the time series of
data (Brown and Rothery 1993). Each estimate was weighted by the inverse of its
variance to account for unequal variances of surveys, and to give more weight to the

more precise su rveys.

3.2 Composition Surveys

3.2.1 Calving

Composition studies were conducted concurrently with the abundance phase
photographic and visual surveys that immediately followed study area stratification.
Caribou were classified as yearlings (>/= 1.0 but < 1.1 years of age termed 1+ years of
age in this document), bulls, cows with calves (< one month old) and 0, 1, or 2 antlers,
cows with udders and 0, 1, or 2 antlers, and udderless cows with 0, 1, or 2 antlers.
Breeding cows were tallied as cows with calves, cows with udders, and udderless cows
with antlers. Adult udderless cows with no antlers were classified as non-breeding
females while all remaining adult females were classified as breeding females. All
remaining caribou were classified as either yearlings or bulls. The proportion of
breeding and non-breeding females was then determined using these categorizations.
Bootstrap methods were used to obtain variance estimates for all strata. In this case,
1,000 resampling’s of the data were used and the mean and standard deviation from
resampling were used as point estimates with associated standard error as a proportion
of breeding females, non-breeding females, calves, yearlings and bulls (Manly, 1997).
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Composition survey effort was allocated as consistently as possible within each stratum.
Selection of flight paths were based on fuel cache locations and caribou aggregations
but consistently used the reconnaissance transect station locations in an attempt to
maintain consistent coverage throughout the strata being sampled. GPS waypoints

were recorded for all groups of caribou where they were first encountered.

June composition surveys were timed to begin concurrently with abundance
photographic and visual surveys to ensure minimal movement between strata.
Sampling was structured to begin at a fuel cache then proceeded to a predetermined
transect station within a maximum of two (2) kilometers of the strata corner/boundary.
From this station a Bell 206 Long Ranger aircraft would proceed to the next nearest
transect station to the north and/or south, priority sampling the next nearest caribou
group including individual caribou (Figure 9). At times, observed groups of caribou
“pulled” the aircrew from the pre-planned flight path at which time the aircrew would stop
sampling caribou groups that were seen greater than 10 kilometers (half the distance
between reconnaissance transects) perpendicular to the original flight path. From this
point, only caribou groups observed within this ten-kilometer buffer would be sampled
and an attempt to rejoin the original flight path made. During re-positioning flights from
the stratum to the fuel caches, caribou encountered within a maximum of 2 km inside of
target stratum boundaries were classified opportunistically and variation of flight paths
was held to within 2 km to conserve fuel and reduce deviation from the planned flight

paths and fuel caches.

Estimates of the proportion of females and breeding females were then multiplied by the
double observer pair estimate of all adult caribou and yearlings for each stratum to
obtain an estimate of the number of non-breeding and breeding females within the
survey study area extents. Variances were obtained for the combined estimate using
the delta method (Seber, 1982; Williams et al., 2002) assuming no correlation between

the two estimates.
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3.2.2 Fall/Rut

The purpose of a Qamanirjuaq fall-rut composition survey is to determine the proportion
of females in the population at a time of year when all age and sex classes come
together into large mixed groups for the breeding season (rut). Though a combined
estimate of breeding and non-breeding females, used in this report, is the most precise,
and as such, represents the best indicator of population trend, for management and

conservation education purposes, an estimate of total population size is desirable.

The Qamanirjuaq caribou fall composition survey was flown out of Arviat Nunavut,
Tadoule Lake Manitoba, and Lac Brochet Manitoba, between October 15" and 20" 2014
(Figure 10). The survey itself used the locations of 20 Telonics GPS Ill and IV collars
to locate aggregations of caribou and establish search patterns. All caribou groups
encountered between and in the immediate vicinity of collared adult female caribou were
classified and tracks followed to locate other groups. All collar locations were searched
a minimum of twenty kilometers to the north, east, south and west of the outer most
collar locations, with exceptions made when adjacent areas included boulder fields,
large lakes, the Hudson Bay coast, or were restricted due to fuel limitations. Fresh
tracks in snow were used in all areas to locate new groups. The search of an area
represented by collared caribou cows would terminate following the cessation of fresh
tracks or when a possibility of double sampling occurred. GPS tracks were also used
to ensure the same groups were not re-sampled, which at times required the skipping
of groups where there was a risk of mixing. Once the area around a collar or cluster of
collars was thoroughly searched, the survey would proceed to the next nearest collar to
begin a similar search pattern. In total, 121 groups, or 8,856 individual Qamanirjuaq

caribou were classified.

To estimate the total population size, the number of non-breeding and breeding females
estimated in June 2022, was divided by the product of the proportion of females in the
population as determined during the 2014 fall composition studies. The proportion of
females in the population assumed a 50:50 sex ratio for yearlings. We suggest that the
proportion of females estimated on the calving ground is a better estimator of herd size
and trend as the proportion of females pregnant, used to extrapolate a whole herd
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estimate from breeding females alone, is based on dated information and for the
Qamanirjuaq population, not sampled since fall 2014. It should be noted that inter-
annual variation in sex ratio does occur though large changes in herd sex ratio would
be considered a-typical for these large mainland migratory herds (Gunn et al. 2005;
Sober, 1982).
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Figure 10. Qamanirjuaq fall composition flight tracks and caribou group locations,
October 15
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3.3 Spatial studies

Utilization distributions were generated for the calving season using telemetry data
collected for Qamanirjuaq caribou between 2000 and 2022. Data were resampled to
daily locations to address differences in sampling frequencies between collars and only
locations collected between April 15" and July 3" were considered in the analysis. All
telemetry locations were attributed with a season based on the following date ranges:
spring migration (April 15 — June 8), calving (June 9 — June 22), and post-calving (June
23 — July 3). To account for variation in the calving dates between individuals and
years, each collar was reviewed and the start and end dates for the calving season were
adjusted based on changes in movement pattern. Once the calving date ranges had
been refined, a kernel density estimation (KDE) approach was used to generate
utilization distributions for a series of data subsets to illustrate changes in calving
distributions for Qamanirjuaq through time. The first calving time series examined
changes in distribution over four years: 2008, 2014, 2017, and 2022. For each of the
four years, the calving data were extracted and used to generate a KDE using a fixed
bandwidth value of 9.5 km. The fixed bandwidth value is the average of the individual
bandwidths calculated for each year using Silverman (1986). A fixed bandwidth was
selected over the individual values to balance the differences in sample sizes between
the four time periods. The second time series examined changes in distributions
between five-year periods: 2003-2007, 2008-2021,2013-2017, and 2018-2022. As with
the single year time series, KDEs were generated for each five-year subset using a fixed
bandwidth of 12.6 km. The final time series examines annual changes in calving
distributions using KDEs generated for each year from 2004 to 2022. As there were
fewer than 30 locations for the calving season for years 2000 to 2003, the locations for
these years were pooled to provide a more representative sample of calving distributions
for this period. A fixed bandwidth of 12km was used to generate the annual kernel

density utilization distributions.
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4.0 RESULTS

4.1 Layout of Survey Strata

Survey strata were designed based on reconnaissance survey flight density
observations, and the movements of 44 collared female caribou. The threshold for the
peak of calving was based upon observations of cow/calf proportions and/or when

movement rates declined to less than 5 km per day for collared cows (Figure 11).

The Qamanirjuaq June 2022 abundance survey was the shortest on record, largely due
to the relatively small geographic area within which the spring migration occurred,
geographically tight aggregations of females on the calving ground, and excellent
weather. The survey took a total of 5 days to complete, 2 days for the reconnaissance
survey, one day for the photographic survey, two days for the visual abundance survey,

and 3 days for the composition survey (Table 3).

Survey strata were laid out based on reconnaissance survey segment densities (Figure
12) and the initial fixed wing composition of caribou observed within reconnaissance
segments (Figure 13). Unlike June 2017, the main migration path of collared caribou
cows occurred within a narrow corridor inland from, but parallel to, the Hudson Bay
coast, as initially determined using adult cow collar locations, later verified during the
reconnaissance survey (Figure 14). High densities of adult female caribou were
observed within the northern extents of the 2022 Qamanirjuaq herd annual concentrated
calving area which were stratified into photographic strata. Further south of these higher
female densities were the visual strata, mainly composed of non-breeding females,
yearlings, and bull caribou. As the majority of observations and their associated
densities fell below the 10 caribou/km? threshold, photographic methods were not
required. Further to reconnaissance observations, the movements of collared caribou
indicated that the caribou moved to the northwest in the photo stratum then circled back
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to the northeast. The photo north stratum was extended to the northwest to capture this
movement as well as guard against movement to the northwest which occurred during
the 2017 photo survey (Figure 15). The lines in this area were considered a buffer and

preliminary with the potential of eliminating them if movement did not occur.
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Figure 11. Collar movement rates of Qamanirjuaq cows during the June 2022
Qamanirjuaq calving ground photo survey. Sample sizes of collars are
given above each boxplot. The boxplot for the primary date that the photo
survey occurred is highlighted in red.

Table 3.  Survey Initiation and completion dates for the June 2022 Qamanirjuaq
Calving Ground Photographic Survey.

(3 (= (= (3 (=
Survey Activity S S S 5 5
S & &| & X
o ~ o © o
Systematic Reconnaissance X X
Visual Abundance X X
Photographic Abundance X
Abundance Strata Composition X X X
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Figure 12. June 2022 Qamanirjuaq reconnaissance survey segment density.

46

£

unavu



Government of Nunavut File Report

Campbell et al., 2023

Legend

Segment composition
Breeders-Calves
Breeders-Hard Antlers
Bulls

Mixed non-breeders
Mo Antler (non-breeding cows)
Unknown

Segment densities

I High (>10)

W tedium (1-10)

[ Low (<1)

[1 No Caribou

Survey strata

[ Photo Morth

[] Photo South

[ vis1

[ vis2

[ vis3

B vis4

20 0 20 40 o60km

Figure 13. June 2022 Qamanirjuaq reconnaissance survey segment composition

overlaid on segment densities as shown in Figure 12.
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Figure 14. Qamanirjuaq June 2022 calving-ground survey collar movements from May
15 to the beginning of aerial survey observations June 8, 2022 (yellow

T

unavu

points).

48



Government of Nunavut File Report Campbell et al., 2023

4.2 Allocation of Survey Effort

Following stratification, preliminary estimates of density were derived for each stratum
which were then used to allocate the number of transects flown per strata (Table 4).
Allocation for the photo strata was based on a limit of 5,000 to 6,000 photos total. Given
that survey weather was favorable, we set a target GSD (Ground Surface Density or
Ground Sampling Distance) level of 7 which would be equivalent to an estimated 5,000
photos to complete all photographic strata (Figure 15). A GSD 7 would provide
individual photographs within which the distance between two consecutive pixel centers,
as measured on the ground, would be 7 cm. We also set an approximate limit of 1,600
km of flying on transect which amounts to slightly over a day of flying for a single photo
plane. Allocations suggested higher coverage for the Photo-north stratum given that the
mean density was higher than the Photo-south stratum, however, the Photo-south
stratum was approximately twice the size of the Photo-north strata and therefore
received more transect km’s of flying.

Table 4 The June 2022 Qamanirjuaq calving-ground abundance survey transect
allocations based on reconnaissance observations and achieved GSD
levels within photographic (high density) strata.

Strata area Recon estimates Allocation (GSD 7) Actual flown
Transects
Density N cv SE-based N- % Coverage Transects Km Coverage
Based effort
North  2121.3 12.9 27,470 64.0% 23 24 45.5% 47.1 19 664 44%
South  4131.8 7.4 30,502 35.5% 17 16 54.5% 22.7 20 958 33%
1,622

Graphically, it can be seen that the desired resolution, coverage, and photo numbers

would be achieved at either a GSD 7 or 8, with GSD 8 more desirable as it would require
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fewer photographs (Figure 15). Given a stable high-pressure system in the survey area

we judged these targets were reasonable.

The remaining strata were surveyed visually with allocations based upon the total
number of kilometers that the two survey planes could fly in two days of flying assuming
two trips per day with ferrying to survey strata factored into the calculations (Table 5).
This amounted to 3,000 kilometers of flying on transect (including ferrying in-between
transects). The Vis-1 strata had the highest densities of caribou outside of the
photographic strata and likely the highest proportion of both breeding and non-breeding
female caribou within non-photographic (Visual) strata and therefore it received higher
coverage than other visual stratum. The Vis-4 stratum had higher densities, however, it

was composed of mainly non-breeders and therefore received slightly lower coverage

than visual 1.

Table 5. Allocations of visual strata based on 3,000 km'’s of flying on transect.
Strata area Recon estimates Allocation Actual flown

Density N cv SE- N- %Effort Coverage Coverage km
based based SE N transects
Vis1 5496.8 3.4 18,906 14.2% 39 33 72.4% 28.2% 24.0% 35 1,611
Vis2 2570.9 1.5 3,797 28.6% 23 21 13.6% 16.6% 15.0% 20 487
Vis3 1713.0 1.2 2,130 36.2% 20 22 6.5% 14.6% 15.6% 20 311
Vis4 2453.8 2.3 5,691 11.0% 5 12 7.5% 7.0% 17.4% 12 519
2,928
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Figure 15. Strata coverage and number of photos estimated at different aircraft

altitudes during the June 2022 Qamanirjuaqg calving-ground photo-survey.
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4.3 Survey Layout Used for Estimates

The Photo-north stratum was expanded west to buffer for potential west movement of
caribou, and to capture the migration path of caribou to their annual core calving area
(Figure 16). Inspection of the distribution of caribou on the photos revealed that caribou
had moved east out of the western extents of the stratum that were initially set up as a
western buffer. These lines contained few (65) caribou on transect and were therefore
not representative of this high-density photographic stratum. As a result, the western
most transects were removed to account for this movement within the photo-north

stratum (Figure 16).

Table 5 summarizes the dimensions and sampling effort for each of the strata sampled.
The area surveyed in each stratum was estimated by the total transect kilometers flown
multiplied by the strip width of the survey (0.8 km for visual and with variable widths for
photo stratum). Coverage was estimated as the area surveyed divided by the strata
area. Naive density for stratum was then estimated as the total count of caribou divided
by the area surveyed. From this, it can be seen that the density of caribou on the high-

photographic strata were much higher than the visual stratum.

A preliminary estimate of abundance can be gained by dividing the caribou counted by
coverage (Table 6). This estimate is preliminary for visual surveys given that estimates
are not corrected using double observer methods. However, the preliminary estimate
demonstrates that the actual means of obtaining strata estimates is relatively simple. It
is just the estimate of caribou counted divided by the proportion of each strata sampled
(the coverage). A plot of visual and photo survey results (Figure 17) suggests that the
high-north photo stratum delineated the core group of female caribou as defined by
caribou counted on photos as well as satellite collar locations and proportions. The

migration trail was then sampled by the photo south and visual transects.
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Table 6. Summary of sampling and count-based results by strata. Preliminary N is
estimated based on the number of caribou counted on transect divided by
survey coverage.

Area Caribou Density Preliminary

Strata Strata area (km?) | Transects coverage on

surveyed counted transect N
Photo strata
Photo North 1585.0 15 664.0 41.9% 41,314 62.22 98,601
Photo South 4390.4 20 1383.4 31.5% 24,945 18.03 79,190
Visual strata

Visl 5496.8 35 1288.5 23.4% 5,323 4.13 22,748

Vis2 2570.9 20 389.4 15.1% 435 1.12 2,881

Vis3 1713.0 20 248.8 14.5% 425 1.71 2,931

Vis4 2453.8 12 415.5 16.9% 1,066 2.57 6,308
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Figure 16. The 2022 Qamanirjuaq June calving-ground survey reduced photo north
stratum (darker green area) in comparison to full photo-north stratum (Light
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Figure 17. Summary of photo and visual survey with group sizes indicated for visual
surveys and densities of individual caribou shown for photo data (light green
and blue areas), for the 2022 Qamanirjuaq June calving-ground survey.
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4.4 Analysis of Survey Data

4.4.1 Visual survey double observer pair surveys

The majority of caribou were seen as single caribou or small groups with few larger
group sizes observed. The relative proportion of caribou not seen by both observers
was highest in group sizes of 3 or less with both observers seeing the majority of group
sizes that were greater than 3. Compared to previous surveys (Campbell et al. 2012),
the proportion of caribou seen by both observers was high suggesting that overall

sightability was high (Figure 18).

During the reconnaissance surveys the core of the calving ground was surveyed which
led to observations of larger group sizes (Figure 19). This area was surveyed using the
photo plane for the abundance phase of the survey and therefore the number of larger
groups was lower during the abundance phase. The main focus of the analysis was to
estimate sightability for the visual survey phase. For this reason, the reconnaissance
survey data set was filtered to only include group sizes of 80 or less caribou which was
similar to the range of group sizes observed in the visual survey. Photo strata counts
increased the precision of group counts within high density aggregations, and visual
strata had significantly lower densities and associated smaller group sizes. Additionally,
the visual counting of areas of very-high caribou densities generally leads to a
breakdown in establishing the defined 200-meter separation between groups as
observers often combine groups due to the longer time it takes to count more caribou.
Because of this, large groups often flow into one another yielding higher group sizes.
Because the main focus of the analysis was to estimate sightability for the visual survey
phase, the recon survey data set was filtered to only include group sizes of 80 or less

which was similar to the range of group sizes observed in the visual survey.

Overall, there were 6 unique pairs of observers during the visual portion of the survey.
Of these pairs, 5 of them switched position from primary to secondary during the survey
(Table 7). One pair (pair 0) only occurred during the reconnaissance survey and did not

switch and for this reason was not used in the analysis. Pair 2 was composed of 4
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individuals given that the 2" pairing only had 12 sightings preventing modelling of
sighting probabilities. Data recorder observations mainly occurred for pair 1.

Table 7. Summary of observer pairings used in the double observer analysis.
Pair Observers Observation type/frequencies
front rear Both Front Rear Data Total
recorder
0 JR (0N 63 11 0 0 74
1 DM (0N 413 15 125 60 613
1 oS DM 82 6 0 16 104
2 DL WV 441 31 9 8 489
2 Y DL 104 5 25 5 139
2 DL LI 9 0 0 0 9
2 LI DL 0 2 1 0 3
3 JB LI 574 7 14 8 603
3 LI JB 227 5 13 2 247
4 JE RT 80 20 7 0 107
4 RT JE 486 13 47 1 547

A graphical representation of detections suggests most detection differences occurred
when group sizes were low (Figure 18). Pair 1 had a higher relative frequency of missed
observations than other pairs, however, some differences also existed between other

pairs (Figure 19).

The pooled data from observer pairs (Table 8) suggested slight differences in
proportions of caribou sighted as indicated by the proportion of caribou only observed
by the secondary observer. Graphically, it can be seen that there is minimal difference
between detection probabilities when data recorder observations are included except for

pair 1 (Figure 20).

Though the reconnaissance survey phase saw variable cloud conditions, in general,
survey conditions were ideal with 0% cloud during the abundance phase (Figure 21).
Proportion of missed observations was slightly higher when cloud cover was 50% or
greater during the recon survey phase, though consideration must also be given to
observer experience, which would increase with every successive flying day. Snow
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cover was consistent for both the reconnaissance and abundance phases of the survey
with over 80% of observations recording 0% snow cover for the reconnaissance, and

over 95% of observations recording within 5% to 25% snow cover for the abundance.

Table 8. Summary of double observer pairings with sample sizes and naive detection
probabilities for each pair. Observations are summarized by observation
type (BO-both observers, DR-data recorder, FO-front observer, RO-rear
observer). Naive detection probabilities are based upon proportions not
seen by the front observer. Single (p) and double observer (p2x)
probabilities are shown. They are calculated excluding data recorder
observations (no DR) and including data recorder observations (DR).

Pair Observations (type) Totals Naive detection probabilities
BO | Fo | RO | DR total P1x | p2x | P1x | P2x
(no DR) (no DR) (DR) (DR)
1 495 21 125 76 719 0.80 0.96 0.72 0.92
2 557 38 35 13 647 0.94 1.00 0.93 0.99
3 802 12 27 10 857 0.97 1.00 0.96 1.00
4 569 33 54 1 665 0.92 0.99 0.92 0.99
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Figure 18. Distribution of group sizes observed during the visual and reconnaissance
surveys (green) with observation type delineated as sub-bars (brown and
reds). Group size observations of greater than 80 caribou (only observed
during the reconnaissance survey) were not used in the double observer
analysis. Observations greater than 30 caribou are summarized in the 20-

30 bin.
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Figure 19. Graphical summary of observer pair detections by group size for the June
2022 Qamanirjuaq caribou calving-ground abundance survey.
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Figure 20. Graphical representation of the effect of inclusion of data recorder
observations for the June 2022 Qamanirjuaq caribou calving-ground
abundance survey.
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Figure 21.  Summary of cloud and snow cover for observations during the recon and
visual components of the survey.
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4.4.2 Model selection

The general model building procedure followed a hierarchical process (Table 9).
Initially, model building focused on determining the relative strength of each covariate
with unique observer, group size, and cloud cover, showing substantially higher support
than a constant model. Observer and group size were considered as additive and
interactive terms, with interaction models showing higher support (model 6). Cloud
cover was then considered as an additive continuous or categorical term. From this the
most supported model (model 1) contained an interaction of observer (pair) and group

size with an additive effect of cloud cover.
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Table 9.  Double observer model selection results. Main model terms are listed as
columns with covariate names as defined in Table 1. Sample size adjusted
Akaike Information Criterion (AICc), the difference in AICc between the most
supported model for each model (AAIC.), AICc weight (wi), number of model
parameters (K) and deviance is given.

No | Model AIC. AAIC. Wi K Deviance
1 | observer*size+cloudf 1790.53 0.00 1.00 11 -883.6
2 | observer*size+cloudc 1807.89 17.35 0.00 9 -894.5
3 | observer*size 1837.39 46.86 0.00 8 -910.4
4 | observer*size+phase 1837.97 47.44 0.00 9 -909.6
5 | observer*size+strata 1838.65 48.12 0.00 12 -906.6
6 | observer+size 1840.96 50.43 0.00 5 -915.3
7 | observer+size+phase 1841.36 50.83 0.00 6 -914.5
8 | observer*log(size) 1842.62 52.09 0.00 8 -913.0
9 | observer+cloudc+snowc 1868.98 78.45 0.00 6 -928.3

10 | observer+cloudc 1869.73 79.20 0.00 5 -929.7
11 | observer+snowc 1896.55 106.02 0.00 5 -943.1
12 | observer 1897.38 106.85 0.00 4 -944.6
13 | observer+phase 1899.20 108.66 0.00 5 -944.5
14 | cloudf 2016.00 225.47 0.00 4 -1003.9
15 | size 2031.77 241.24 0.00 2 -1013.9
16 | log(size) 2036.57 246.04 0.00 2 -1016.3
17 | cloudc 2053.82 263.29 0.00 2 -1024.9
18 | strata 2092.80 302.27 0.00 5 -1041.3
19 | snowF 2093.59 303.06 0.00 5 -1041.7
20 | constant 2096.99 306.45 0.00 1 -1047.5
21 | phase 2097.32 306.79 0.00 2 -1046.6
22 | snowc 2098.44 30791 0.00 2 -1047.2

The influence of observer pair, group size, and cloud cover on sighting probabilities
(Figure 24) suggested that the largest degree of variation was due to group size and
different observer pairs, however, the overall range in probabilities was not large.
Furthermore, double observer probabilities (the combined probability of at least one
observer in a pair sighting a caribou group) was close to 1 regardless of observer pairing
or cloud cover (Figure 22). Lower detection probabilities did occur when cloud cover
was 50% or greater, however, this only occurred during the recon survey and therefore

had no effect on the visual survey estimates.
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Figure 22. The Qamanirjuaq June 2022 calving-ground visual abundance survey

single (left) and Double (right) observer sighting probabilities as a function
observer and cloud cover.

Double observer estimates were derived in program MRDS from Model 1 (Table 10) and

compared to non-corrected count-based estimates. In general, the estimates were very

close (1.3% difference) with the total estimate for all strata being 473 caribou higher than

the non-corrected estimate. As discussed later, the minimal difference in estimates was

due to the larger group sizes encountered during survey (with high sightabilities (Figure

22)), and good survey conditions. Precision of double observer estimates was slightly

higher due to the advanced methods used to estimate variance in the mrds package.

Overall precision of estimates was quite high demonstrating that survey allocation and

strata layout was optimal for obtaining precise estimates based on reasonable’ km's of

flying on transect.

9 002t

Nunavut

64




Government of Nunavut File Report Campbell et al., 2023

Table 10. Double observer estimates of all caribou in each stratum and uncorrected
count-based estimates for comparison purposes.

Strata Caribou Double observer (MRDS) Count-based estimate
counted N s ] 95% Cl o | N | s | o
Visl 5,323 23,083 1640.9 19,886 26,795 7.1% 22,708 1633.6 7.2%
Vis2 435 2,880 597.9 1,823 4,552 20.8% 2,872 506.0 17.6%
Vis3 425 2,996 351.2 2,310 3,886 11.7% 2,926 458.2 15.7%
Vis4 1,066 6,313 401.1 5,405 7,374 6.4% 6,295 868.7 13.8%
Total 7,249 35,273 1826.7 31,717 39,228 5.2% 34,801 1972.2 5.7%

4.4.3 High density photo and visual survey estimates

High density photographic strata were flown at GSD 8 which resulted in an average strip
width of 1.35 km (sd=0.025, min=1.28, max=1.39, n=39). Strip width and transect area
was measured using geo-refenced photos for each survey line. Transect densities were
estimated as the number of caribou counted on a given transect divided by the transect
area (Figure 23). Densities were above 10 caribou per km? in the High-density Photo-
North Photo on all transects except two (2) on the west-central end of the stratum, and
one (1) on far east end of the stratum. Very-high densities occurred on the central lines
of this stratum with very-low densities on peripheral lines especially to the west. This

variation reduced overall estimate precision.

Within the Photo-south stratum most densities were at the 10 caribou per km? level with
densities up to 50 caribou per km? in the central section of the stratum. For the remaining
visual abundance survey strata density of caribou along transects was below 10 caribou

per km? (Figure 24).
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Figure 23. Estimates of caribou density (caribou per km?) on high density photo
stratum by transect. Note the different y-axis scales. Density of 10 caribou
per km? which denotes the level when photo plane sampling is used is
given as a horizontal dashed line. Transects went from west to east for
the Photo-North stratum and from south to north for the Photo-South

stratum.
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Figure 24.  Transect densities within visual strata for the 2022 Qamanirjuaq calving-
ground survey. The horizontal dashed line represents a density of 10
caribou per km? which denotes the level when photo plane sampling is
used.
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Table 8 for the June 2022 Qamanirjuaq herd calving-ground abundance
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4.4.4 Composition surveys to determine proportions of females

Composition surveys were conducted on each of the photographic and visual survey
strata (Table 11). A spatial representation of the composition data reveals that the
majority of breeder groups including breeding and non-breeding females, occurred in
the two photo strata with proportionally higher non-breeder/female groups occurring in
the visual stratum as well as in the southern half of the photo south stratum (Figure 25).
The composition data for all strata was analyzed further using a bootstrap procedure to
estimate standard errors. One thousand bootstrap replications were conducted which
resulted in robust standard error estimates and percentile-based confidence limits
(Table 12). The proportion of breeding females on the calving ground (breeding females
/ (breeding females+non-breeding females+bulls+yearlings)) as well as other cohorts,
were estimated. The proportion of adult cows was highest on the photo-north and photo-
south strata with lower (<28%) in visual strata. The proportion bulls were relatively high
(>50%) in visual strata.

Table 11. Summary of composition data by stratum collected for the June 2022
Qamanirjuaq caribou abundance survey.

Strata n Breeders Non-breeders Total caribou
Cows” Cows® | Bulls Yearlings Total Breeder & non-
breeders
Photo North 27 3204 270 220 149 639 3843
Photo South 87 3025 706 902 248 1856 4881
Visl 78 80 187 810 197 1194 1274
Vis2 35 8 16 171 18 205 213
Vis3 33 13 45 120 37 202 215
Vis4 52 4 85 428 101 614 618

AAs indicated by presence of a calf, antlers, or an udder.
BAs indicated by absence of calf, an udder or antlers (UCO in database).
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Table 12. Estimates of proportions of various cohorts from composition surveys flown
during the June 2022 Qamanirjuaq caribou herd calving-ground abundance

survey.
Strata Estimate SE 95% CI cv
Proportion breeding cows (breeding cows/(breeding cows+non breeding cows+bulls+yearlings)
Photo North 0.904 0.024 0.847 0.940 2.6%
Photo South 0.764 0.038 0.678 0.824 5.0%
Visl 0.210 0.019 0.172 0.249 9.2%
Vis2 0.113 0.032 0.054 0.181 28.5%
Vis3 0.270 0.040 0.193 0.350 14.7%
Vis4 0.144 0.020 0.106 0.185 14.1%
Proportion adult cows (cows/(cows+bulls+yearlings)
Photo North 0.834 0.040 0.741 0.895 4.8%
Photo South 0.620 0.055 0.488 0.704 8.9%
Visl 0.063 0.014 0.039 0.093 22.4%
Vis2 0.038 0.016 0.011 0.071 42.2%
Vis3 0.060 0.022 0.021 0.111 37.0%
Vis4 0.006 0.003 0.001 0.013 48.1%
Proportion of bulls (bulls)/(cows+bulls+yearlings))
Photo North 0.057 0.015 0.034 0.092 26.2%
Photo South 0.185 0.035 0.132 0.264 18.9%
Visl 0.636 0.023 0.590 0.684 3.7%
Vis2 0.803 0.039 0.721 0.876 4.9%
Vis3 0.558 0.046 0.473 0.649 8.2%
Vis4 0.693 0.031 0.635 0.758 4.5%

4.5 Estimates

4.5.1 Estimates of total caribou on the calving ground

Estimates of the total number of caribou on the annual core calving ground and
peripheral calving strata using both the visual and photo-survey data, are displayed in
Table 13. Estimates in most strata had coefficients of variation (CV) levels of less than
20% with the exception of the photo-north stratum which had a CV of 21.4% which was

due to high variation in densities observed within the strata (Figure 23). Vis2 also had
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a CV of greater than 20%. However, the estimate of abundance was low and therefore
it did not contribute significantly to the overall estimate. The resulting precision of the
overall estimate of 213,079 caribou on the annual core calving ground was relatively
precise with a CV of 11.5%.

Table 1. Estimates of caribou (1+year old) on the annual core calving ground from
the core photo (Photo-North & Photo-South), core visual (Vis-1 & 4), and
peripheral visual strata (Vis-2 & 3).

Strata N SE 95% CI cv df
Photo North 98,614 21135.8 62,594 155,360 21.4% 14.0
Photo South 79,193 12212.6 57,456 109,155 15.4% 19.0

Visl 23,083 1640.9 19,886 26,795 7.1% 18.1
Vis2 2,880 597.9 1,822 4,552 20.8% 10.0
Vis3 2,996 351.2 2,309 3,887 11.7% 10.0
Vis4 6,313 401.1 5,405 7,374 6.4% 6.0

Total 213,079 24478.6 166,781 272,229 11.5% 14.4

4.5.2 Estimates of breeding females and other cohorts on the core breeding

ground.

Estimates of the proportion of breeding females (Table 12) were then multiplied by the
number of caribou on each stratum (Table 13) to derive a breeding female estimate of
133,125 (95%-C1=96,561-183,534) (Table 14). The estimate of adult cows (breeders
and non-breeders) was 156,540 (Table 15) (95%-CI=116,635-210,099) suggesting that
roughly 23,000 cows on the core calving ground were non-breeding (as determine by
lack of calf, antler, or udder). The photo stratum, which was classified as having 90%
and 76% adult females (Photo-North and Photo-South respectively), contributed the
most to the overall estimate of breeding females and non-breeding females. Relatively
few adult females (breeding or non-breeding) were found within the visual abundance

strata.
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Table 2. Estimates of breeding females from composition data and survey strata
estimates (CG= Calving ground).
Strata Caribou on C.G. Proportion Breeding female estimate
breeders
N | ov Estimate | v N SE 95% Cl cv
Photo North 98,614 21.4% 0.834 4.8% 82,244  18063.8 51,633 131,004 | 22.0%
Photo South 79,193 15.4% 0.620 89% 49,100 87380 33,929 71,054 | 17.8%
Vis1 23,083 7.1% 0.063 22.4% 1,454 341.1 894 2,364 23.5%
Vis2 2,880 20.8% 0.038 41.7% 109 51.0 40 294 46.8%
Vis3 2,996 11.7% 0.060 37.3% 180 70.3 78 417 39.0%
Vis4 6,313 6.4% 0.006 51.9% 38 19.8 11 126 52.1%
Total 213,079 11.5% 133,125 20069.4 96,561 183,534 | 15.1%
Table 3. Estimates of adult females from composition data and survey strata
estimates.
Strata Caribou on C.G. Proportion adult Adult female estimate
females
N cv Estimate | v N SE 95% Cl cv
Photo North 98,614 21.4% 0.904 2.6% 89,147 192519 56,395 140,921  21.6%
Photo South 79,193 15.4% 0.764 5.0% 60,503 9803.2 43,197 84,743  16.2%
Vis1 23,083 7.1% 0.210 9.1% 4,847 561.1 3,804 6,176 11.6%
Vis2 2,880 20.8% 0.113 28.4% 325 114.6 152 697 35.3%
Vis3 2,996 11.7% 0.270 14.7% 809 152.0 534 1,225 18.8%
Vis4 6,313 6.4% 0.144 14.1% 909 141.0 623 1,326 15.5%
Total 213,079 11.5% 156,540 21612.7 116,635 210,099  13.8%

4.5.3 Extrapolated estimate of total herd size

A composition survey of the Qamanirjuagq fall rutting range was conducted October 2016

to obtain an estimate of the proportion of females in the Qamanirjuaq caribou herd. With

no recent fall compositions available, we used the 2016 results to determine the

proportion of females within the Qamanirjuaq herd to generate the whole herd estimate.

During the fall 2016 composition survey, two main breeding aggregations of caribou

were classified with 6,419 and 9,894 bulls and cows classified respectively. The
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resulting estimates of bull-cow ratios, and overall proportion of cows (cows/(bulls+cows))
are given in Table 16 (Campbell et al. 2018).

Table 4. Fall 2016 composition survey results.
Ratio | Estimate | SE | Conf. Limit cv
Bull/cow ratio 0.616 0.026 0.566 0.664 4.1%
Proportion cows 0.619 0.010 0.601 0.639 1.6%
Calf-cow ratio 0.391 0.008 0.376 0.407 2.0%

In 2014, an alternative estimate of herd size was derived by assuming that all adult cow
caribou were on the core calving ground (Campbell et al. 2012; Boulanger et al. 2015).
This avoided the need of a pregnancy rate since it was assumed that all non-pregnant
cows (1.5 years old and older) were on the annual core area, a method that is now
successfully integrated into the Qamanirjuaq survey analysis and adopted by other
mainland migratory caribou herds across Nunavut and the NWT. Using this method, the
estimate of the herd is simply the estimate of females divided by the proportion of
females in the herd (Table 17). This estimate still pertains to adult caribou and not
yearlings (calves of the previous year). The resulting whole herd estimate for the June
2022 Qamanirjuaq calving ground abundance survey is 252,892 (95%-Cl=188,050-
340,092) 1.5+ year old caribou.

Table 5. Extrapolated population estimates for the Qamanirjuaq herd using estimates
of females on the calving ground (CG) and proportion females estimated in
fall composition surveys.

Survey data | Estimate | SE | cv | 95% Conf. Limit

Number of caribou on core and peripheral cg 213,079 24478.6 11.5% 166,781 272,229

Number of females (breeding+non-breeding) in core calving 156,540 21612.7 13.8% 116,635 210,099

ground

Proportion females in the entire herd 0.619 0.010 1.6% 0.601 0.639

Total estimate of adult (1.5+ yr old caribou) in the herd 252,892 35153.7 13.9% 188,050 340,092
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4.5.4 Estimates of trend

Various metrics can be used to estimate trends in ungulate abundance (Figure 26). Of
these the most robust metric for some herds, including the Qamanirjuaq herd, is adult
females. Breeding females will be influenced by yearly variation in pregnancy rates
making extrapolation from this metric less reliable in most cases. The number of caribou
on the calving ground will be influenced by how extensive the survey was in targeting
bulls and yearlings which often may not occur in the vicinity of the annual core calving
area. Forexample, in June 2008, the primary target of survey efforts on the Qamanirjuaq
calving ground was adult females and therefore it is likely that bulls and yearlings were
counted less than other years, resulting in a lower estimate. Herd size is based on the
adult female estimate and trends in herd size will be proportional to adult females since
the same assumed bull-cow sex ratio has been used for all herd size estimates. For this

reason, we focus on trend estimates of adult females across all surveys.

The estimate of adult females is composed of breeding and non-breeding females.
Figure 27 shows how the proportion of breeding females varied yearly with a relatively
low proportion of breeding females in 2014 and 2008. For consistency between surveys,
we compared sequential estimates of adult females using a one-tailed t-test to assess if
a significant decline had occurred (Table 18). Degrees of freedom were estimated for
combined estimates for each year using variances and degrees of freedom from each
of the sampled stratum (Thompson, 1992). The difference in estimates was significant
for the 2008 to 2014 and the 2008 to 2022 comparison (at a=0.1) but not significant for
other comparisons. The ratio of successive estimates can also be used to estimate
gross and annual change (Table 19) with yearly change varying from 0.95 to 1.03
between successive surveys. If the ratio of 2008 to 2022 is used to estimate annual
change (A), the resulting estimate is 0.98 (95%-CI1=0.96-1.00).

Overall trend was also estimated using weighted log-linear regression of the adult female
estimates from 2008 to 2022, which reveals a non-significant decreasing trend with a
yearly A estimate of 0.98 (Cl=0.96-1.00) (Table 20). This further suggests a slightly
longer-term declining trend of 2% per year which is similar to the ratio of the 2008 to

2022 estimate. However, this estimate was not statistically significant. A plot of
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regression estimates demonstrates the potential of a decreasing trend when the
confidence limits of individual estimates are considered (Figure 28).

Table 6. Comparison of adult female estimates from successive surveys using t-
tests. Also included is a test comparing 2008 and 2022 estimates. P-
values are from a one-tailed t-test (Ho N2> N1, Ha N2<Nj1).

Y
come:.::ed Niyear1) SE Niyear1) Df (year1) Niyear 2) SE Niyear 2) Df (year2) | t-test Df t p-value
2008-14 215,049 17373.9 35 163,066 13296.4 28 -2.38 616 0.010
2014-17 163,066 13296.4 28 178,423 13599.8 27 0.81 54.9 0.789
2017-22 178,423 13599.8 27 156,540 21612.7 18 -0.86 31.8 0.199
2008-22 215,049 17373.9 35 156,540 21612.7 18 -2.11  40.2 0.021

Table 7. Estimates of adult females for 2008, 2014, 2017, and 2022. The gross
change in estimates (based on the ratio of successive N estimates) and
yearly rate of change is also given.

Year Estimate Gross change Yearly change (A)

N SE | Estimate | Conf. Limit Estimate | Conf. Limit
2008 215,049 17,3739

2014 163,066 13,296.4 0.76 0.61 0.95 0.95 0.92 0.99
2017 178,423 13,599.8 1.09 0.88 1.36 1.03 096 1.11
2022 156,540 21,612.7 0.88 0.64 1.19 0.97 091 1.03

Table 20.  Regression estimates of trend (2008-2022). The per capita rate of
increase(r) is estimated as the slope term with the annual finite rate of
increase (M) estimated as the exponent of r.

Parameter Estimate SE 95% Confidence Limits Chi-Square Pr > ChiSq
Intercept 12.246 0.099 12.049 12.436 124.062 0.000
Year (r) -0.021 0.012 -0.043 0.002 -1.804 0.213
A 0.979 0.958 1.002
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(Campbell et al. 2010, Campbell et al. 2016, Boulanger et al. 2018).
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4.6 Changes in Annual Calving Extents

Qamanirjuaq mainland migratory barren-ground caribou typically do not calve in the
same locations year after year but rather utilize geographically distinct annual calving
grounds within a larger and more geographically predictable concentrated core calving
ground (Figure 29). Amongst Inuit Qaujimajatugangit (IQ) and scientific study there is
general agreement that the mainland migratory caribou herds, including the
Qamanirjuaq herd, cycle every 40 to 60 years (from population low to population low)
(Bongelli 2020; Bongelli et al, 2022). Unfortunately, we only have useful telemetry data
for the last 30 years, leaving an estimated 20-year gap in our complete understanding
of the full extent of the core concentrated seasonal calving range through one complete
population cycle (amongst other seasonal ranges). In the case of the Qamanirjuaq herd,
both long-term monitoring studies and 1Q predict that the spatial extents of annual
calving grounds when examined over the long-term will remain within a geographically
larger core calving ground, an area representative of the long-term calving needs of the
herd (Figure 29).

More recently, delineated annual calving grounds have extended beyond the 2013
delineated core calving area. This finding is not entirely unexpected when considering
the 20-year gap in our spatial knowledge of Qamanirjuaq herd calving through a full 40-
to-60-year population cycle. To understand the herds long-term calving needs in terms
of minimum spatial extents, we will need to examine a time series of seasonal range
use from population low to population low. To assume we currently hold sufficient
information to assess the herds spatial needs for calving, migratory, post-calving,
summer, rutting and winter seasonal range, would be misleading and risk the long-term
viability of the herd should an underestimate of the long-term core calving requirements
of the Qamanirjuaq herd be made.

An examination of telemetry delineated annual calving-grounds for the 2008, 2014,
2017, and 2022 June calving abundance surveys suggest that the annual calving
grounds (represented by the 95% utilization distribution) were substantively different,
with a general geographic trend to the north and east of 2013 delineated core calving
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extents when compared to an updated core calving seasonal range polygon current to
2023 using the same analytical methods (Figure 30). This same general trend is also
seen within a 20-year assessment further broken down into 5-year segments. The
results of the 5-year segmented approach suggests that the 4 survey years were
representative of more normal environmental patterns and not an artifact of extreme
environmental conditions known to have occurred on occasion, within long-term
telemetry data (Figure 31). We suspect annual core calving range will see further
changes as we expand the telemetry database. As more telemetry data is collected, we
strongly suspect that annual core calving extents will expand to accommodate annual
variations repeated throughout the population cycle. The resulting updated polygons

will better predict long-term annual requirements for the herd.
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Figure 30. A spatial assessment of Qamanirjuaq Herd annual calving extents for each
of the 2008, 2014, 2017, and 2022 (this report) calving-ground abundance
surveys. A kernel density estimation (KDE) approach was used to

generate utilization distributions.
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Figure 31. A spatial assessment of Qamanirjuaq Herd annual calving extents over a

20-year period broken down by 5-year increments. A kernel density

estimation (KDE) approach was used to generate utilization distributions.

Department of Environment

83

Campbell et al. 2024



Estimating Abundance of the Qamanirjuaq Mainland Migratory Barren-Ground Caribou Subpopulation - June 2022

5.0 DISCUSSION

The overall survey results suggest that the herd is relatively stable when compared to
the 2014 and 2017 estimates. However, direct comparison with the 2008 estimate along
with the 2014 and 2017 estimates, suggests a slow decline. A one-tailed t-test
comparison of 2008 and 2022 estimates reveals a significant decline. However, the

overall trend from a regression analysis was not statistically significant.

Survey precision was lower in 2022 (CV=14% for adult females) than previous years but
still within the acceptable range (CV<20%). The main reason for this lower precision of
the photo-north stratum was due to a high level of aggregation (Figure 23) which caused
high variation in densities amongst individual transects. One approach to address this
issue would be to increase the number of lines and subsequent coverage in the stratum.
The coverage in the photo-north stratum was reasonably high (42%) when compared
with previous surveys. For example, the highest coverage in the 2017 survey was 35%
in two of the photo-stratum. The approach of increasing coverage and aggressively
sampling likely areas of aggregation with visual strata buffers could be considered as

an approach to confront aggregation in future surveys.

Coverage in other caribou surveys, such as the Bathurst in 2012 has been as high as
72% which was due to a highly aggregated group of caribou in a small (914.2 km?)
survey area (Boulanger et al. 2014b). The resulting CV for the estimate in this stratum
was 8%. A randomization approach was used to assess if there was an optimal
coverage level where the CV did not change with increasing coverage with no asymptote

found. A coverage level of 65% was still required to obtain a CV of less than 10%.

Recently, new approaches have been developed that consider multiple sources of

information to improve our estimates and understanding of trends. The demographic

status of a herd can be better understood using an Integrated Population model (Schaub

and Kery, 2022) that uses data from composition surveys, collar survival rates, and
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calving ground surveys to provide an overall estimate of trend as well as refined
estimates of demographic parameters. This approach has been used successfully to
provide refined estimates of trend for the Bluenose East and Bathurst herds
(Adamczewski et al. 2022, Boulanger et al. 2022). This approach will be pursued for
the Qamanirjuaq herd in the future.

Our collective experience from the Bathurst Herd shows that major declines in mainland
migratory barren-ground caribou subpopulations must be detected as early as possible
to inform decisions to maintain the subsistence needs of Inuit and other indigenous
peoples. Knowing the trend and status of the population will provide co-management
partners with more options such as critical habitat protection, non-quota limitations
(NQLs), commercial harvesting restrictions, in order to maintain herds or promote
recovery following any major declines. All monitored indices of the herd, when
examined in series, indicate that the Qamanirjuaq herd is in a continued slow decline.
Therefore, lack of appropriate actions may exacerbate or prolong or halt herd recovery
and place undue hardship on Inuit that harvest this herd both commercially and for
subsistence. These hardships will also impact harvesters from Northern Manitoba,
Northern Manitoba, and the NWT.

It is well known within the scientific literature, and amongst Northern Indigenous peoples
that Barren-ground caribou undergo regular and long-term (between 50 and 70 years)
cycles of abundance (Bongelli et al. 2020; Gunn, 2003; Zalatan et al. 2006; St. John,
2022). Additionally, there appears to be synchrony between the barren-ground herds
including the Bluenose, Bathurst, Beverly, Leaf River, and George River mainland
migratory herds that could be in response to large-scale environmental factors such as
climate change and associated localized weather events and patterns, density
dependant reproductive disease and parasites, and predator and human harvest effects.
This also suggests that these mainland migratory caribou herd declines and associated
mechanisms would impact all herds eventually. These impacts could be exacerbated
by other anthropogenic effects on caribou mortality such as a growing internet market
for caribou meat within Nunavut Territory, or industrial disturbance and associated
avoidance behaviour and habitat loss within sensitive seasonal range such as the core

calving grounds, post-calving areas and migratory routes (Panzacchi et al. 2012, Plante
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et al. 2020, Boulanger et al. 2021, Boulanger et al. 2023, Severson et al. 2023). Loss
of seasonal range access and availability would likely result in quantitative changes to
long-term abundance through the loss of productive annual range and herd
fragmentation. The impacts of anthropogenic activities such as industrial development
or extractive practices on caribou and their range are uncertain, however, the scientific
literature warns of the very real risk of negatively impacting caribou and their range over
the long-term. With the industrial extraction of natural resources on the increase in
northern North America, and more specifically within barren-ground caribou critical
seasonal range, it is becoming more and more important that land use regulators and
wildlife managers and biologists develop a better understanding of important seasonal
range while closely monitoring herd status in order to more effectively manage
anthropogenic impacts on range size and use, migratory behaviour, and herd
productivity. Not doing so would work against Article 5, Part 1, Section 5, of the Nunavut
Agreement as it could reduce harvesting opportunities, negatively impacting Inuit’s right
to harvest wildlife to meet their subsistence needs as described in the Nunavut

agreement (Figure 32).

5.1.5 The principles of conservation are:

(a) The maintenance of the natural balance of ecological systems within the Nunavut

Settlement Area;

(b) The protection of wildlife habitat;

(c) The maintenance of vital, healthy, wildlife populations capable of sustaining

harvesting needs as defined in this Article; and

(d) The restoration and revitalization of depleted populations of wildlife and wildlife

habitat.

Figure 32. Article 5.1.4 of the Nunavut Agreement “The Principles of Conservation”, an

excerpt from the Nunavut Agreement Page 27 (Agreement Between the
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Inuit of the Nunavut Settlement Area and Her Majesty the Queen in right of
Canada, 2009).

as well as negatively impacting the harvesting rights and cultural practices of Indigenous
cultures within Manitoba, Saskatchewan, and the Northwest Territories.
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6.0 MANAGEMENT CONSIDERATIONS

Concerns regarding the Qamanirjuaq herd have changed little since the June 2017
Qamanirjuaq caribou calving ground abundance survey. Hunters and Trappers
Organizations (HTO’s) and the Kivalliq Wildlife Board (KWB) continue to communicate
their concerns over the status of the Qamanirjuag herd. Some of the most common
concerns brought forward during annual consultative meetings include: 1) inter-territorial
caribou meat sales, primarily between the Kivallig and Baffin Regions, are believed to
be excessive and negatively impacting the local harvest of caribou for community based
food needs; 2) there is extreme concern over development in calving grounds, Key
Access Corridors (mutually inclusive calving, post-calving, and spring migratory
seasonal range), water crossings, and post-calving grounds, as well as concern over
disturbance to migrating caribou along linier industrial infrastructure. Both peer-
reviewed science and |Q agree that industrial development in calving and post-calving
grounds have not been shown to be mitigated in other contexts and areas resulting in
changes in caribou abundance, distribution, behaviour, and health over the long term.
These impacts, should they occur, would negatively impact caribou and Inuit harvesting;
3) Many hunters from across the region have communicated their sense of a general
decline in abundance, and increase in disease prevalence. These concerns suggest
that conditions are changing on the Qamanirjuaq range, and that our ability to monitor
these changes should be heightened so that all co-managers can effectively advocate

effective management action to safeguard Nunavut’s largest caribou population.

Though the regression-based trend of Qamanirjuaq herd abundance estimates between
the June 2008 and June 2022 indicates a non-significant declining trend of 2% annually
(Figure 28 and Table 20), the current survey results show a significant decline in mean
herd abundance between June 2008 and June 2022 (Table 18). The lack of statistical

significance in regression-based trend estimates (that include 2008, 2014, 2017, and
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2022 estimates) may be due to stability in the period of 2014-2017, however, it should
be noted that precision of estimates (large confidence intervals) is low along with lower
sample sizes of survey points. Spring composition studies when examined together
suggest productivity levels consistent with a slow decline. The fact that mainland
migratory barren-ground caribou are well known within both scientific (Bongelli et al
2020) and local knowledge to follow long-term (40 to 60 year) population fluctuations
suggests that the Qamanirjuaq herd is at high risk of further decline over the next 5 to

10 years as food resources become over utilized and as a result, harder to find.

Because of the uncertainty between the 2014, 2017, and 2022 abundance estimates,
this report is not recommending any management action at this time. This report does
however acknowledge the slow decline indicated by comparison of June 2008 and 2022
estimates and for this reason highlights the importance of continued monitoring of herd
trend. Of equal importance is the protection of critical range to ensure healthy seasonal
range remains accessible to Qamanirjuaq caribou when recovering from cyclical and/or
significant declines in abundance, typical of mainland migratory barren-ground caribou
herds such as the Qamanirjuaq herd. Such protections will act to secure Inuit harvesting
rights by respecting the principles of conservation guaranteed to Inuit within the Nunavut
Agreement which in turn will maximize harvesting opportunities and the associated
health and monetary benefits that result from healthy abundant caribou populations.
These actions align with Regional Wildlife Organization (RWO), HTO, and community
priorities to protect caribou annual core calving areas, key access corridors, post-calving
range, water crossings, and other important seasonal range across the Qamanirjuaq

herd’s annual range.

Initial survey results and progress have been shared with co-management partners,
including representatives from the KWB, Kivalliq HTO’s, Beverly Qamanirjuaq Caribou
Management Board (BQCMB), Nunavut Wildlife Management Board (NWMB), and the
jurisdictions of Saskatchewan, Manitoba, NWT and Canada (ECCC). Consultations with
community Hunters and Trappers Organizations regarding survey results occurred in
early 2024, however, co-management partners including HTO’s, the Kivalliq Wildlife
Board (KWB), the Nunavut Wildlife Management Board (NWMB), and the Nunavut

Department of Environment (ENV), will continue to discuss survey results and
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recommendations (as represented in this report) and other issues at upcoming annual
meetings. The GN ENV will continue to include, investigate, and report on, any findings
derived from new scientific analysis, and |Q that may provide additional insight into the

mechanisms influencing Qamanirjuaq caribou herd abundance and trend.
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o DP®C®IN ASboLALSoS I bI*asbNNe (AFA)
o PPeCHY ASbocnrt (BFC)
o NO"7Q\T Asbocnrbdt PlocPL¢ (CSFL)
o SPPWHC5 d<I>nhede (QC)
e DPDCSIr bI7sbNNe (NC) — JcND> DSAC, PLLDATS:
o LPRA® d<>AN®
o <4 AsboLACPNC bI7NSbNN*NC PJ<Kcnos ¢ NIM*Le (Labrador Fishermen’s
Union Shrimp Company Ltd.)
o DLAC ASbocnaed d<i<ede NM+Le (Torngat Fish Producers Co-operative
Society Ltd.)
o 0a%¥<d2¢ NrsdN*rc (Nunatsiavut Group of Companies)
o Jec*Ne JSD=AS bNLAC (AGC) - PNA NS, PLL®DIA SO
Ad\D>* ASbocna¢ (EcoSound Fisheries)
DADA ASbocnne
HI<> JSAS PU<Kcnosde Nr+L¢ (Harbour Grace Shrimp Co. Ltd)
>N AAY A*Da o (Ocean Choice International)
5% CADSTD>CAC oP¢ NIrLe (Mersey Seafoods Ltd)
PE2C CADSTHCAC oP¢ NIrLe (Clearwater Seafoods Ltd) (CW)
o<Ne Nr+Le¢ (Nordic Ltd.)

O O O O O O O

TDSPNEYOE AShoLAVTS® g5Pohe>5gesd
e  PPC ot dgI>nhedt - pn DS
e PE*2C CADSTPCAC oP¢ NreLe (Clearwater Seafoods Ltd [CW]) — bDn® >AC

LRLbdS bl asbNrNe
o LR oPDC® Lo <O - FAP GA®
o ALTDCcnebde ball - PA™ HA”, SbD>rNo ¢ SBP>rNN
e ALSTDCcnrbd® balll - bAC 7% ®, SNl ASbocnosl¢ <D<LAS

dRNcnos1¢ LRLD*™ M Dg b nsbNNY<of
e AL® Dobd® - >n* CH*
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Cd%q N¢
o ALSTDCcnNbde ba Cl (DFO) - §°DG < (FM-AR), dcbs >C (FM-AR), Db AD>NG
(RM-NCR)

bNLaP>< A<N*L:

basa*Lo A®bTP>PConaoslt sb>pLYCn7P>NC bNLrG of (EAGSAC) AcMyP>Ro¢
DNSbNNJINB®ILLS AFPLPY g Bval™ 1 *Nel ASbocnos1¢ b ssbNM <ot (NAFO)
<ectb*o® Aco 0 (GHL) bNort <JotCP{*a ®2¢ (TAC) ‘boNrP>o Mt 2025-1¢ <-L>
2026-1¢. bNLo*CP>%® ANNDALL® ba‘a*Lo A®bTP>PCceno ¢ sbbrL7Cn?P>R¢ bNLrGC o¢
(EAGSAC) AcM7DRC dA®APa s oNe ALSTPCanrbdt baCl (DFO) PlcloSosdt dA®dNo®
Lo DPPN<Pbo o™ GHL SAO+1-1¢ (ALAM) D<ral® <¢c*Nel Asbocnosde
bJ7AbNMU<0t (NAFO) Pc’o<Sosde bNLaC (SC) DSbD*P<IPN .ot 2025-1¢ <> 2026-1.

>Sb>I/P> o

Pt LS PP IR

ALSTD>Cnrbde ba Cl (DFO) PlcdadwNe (PO HAZN) P> D>®D% AedAa /N oM< >
ASBTHCBRE AATINNC DB ARNMTONE DIral™® 1C* NPT ASbocno e
bI"AbNMUL0¢ (NAFO) Plc/o<sosdc bNLrC (SC) BSbP>"aN<PN* M ot

o PE2AC CADSTBCAC osPC NIMLe (Clearwater Seafoods Ltd [CW]) <AAc_>eD¢
INDLNNPLETS 08 APRNPEONC gP<eC>IASQ oYL r<bdt ART<Igs ¢ <ot <sb/ ¢
ber R @ ®IPdC (SPICT oP=se/LI%®) DeCP>Y®e AQ—INNTSI¢ P/ a<ISasLc
DSH>YAPIPAC, Loa P20 NNSebsdNC IDeCHa M 0¢ P y<seC>I/LYIC Ly oCt
PJEC ACSHSa™Ne 0¢ SPIrSPgs_IC,

o  ALSTDCcnabdt ba Cl (DFO) Plcdo<%NC PH/LLC CLea o PCPIA*Q Sb/LC r<(bdC
ARQECTs ¢ opa<sb/L ¢ b/ R+ *q 5vIpdC (SPICT <Sbp2J<or| Jsb)
ADcSeCHILL® L ALLPYDS o Ceda e Dval® ¢ N6l ASbocnose
b7 SbNMWUL 0 (NAFO) Prc’o<Sa51C bNLAoC (SC) o Dhsedr. SGJCLE oCt Sb>ANPAC
A <USHCSa<eI¢ CLAG® ba Cl <L dPOo (Ac_PdSHNP) <L oCt NNShSINC
AcD>®b®C>a<®DC gPI®C>IA>Q DY M<bdt AR gsC <fsep<sb/| ¢
ber QE<* M@ 5eIdC (SPICT) <SP eC>ILYIC, ACSh®I%® NKNLE <I5GJ 0¢ > PL
AdPOI ba.CUt IDA*Q I SN P do) PI<IN<I?® Tarajoq <SGJCLS Sb>MPE 5
SAO-T.

o ARQCANCHTNC <op = eC>LYgb-D LA bR Cbdaa P do/
DI Paamiut <tL> P/ 0o/ BI<I<<I% Tarajoq Sb>ANSo51¢ ShrLedsbeCso e
ber R @ 0%, L 5 AYASCHJNE Ab¥Sa<I¢ ACSHSa™M*_o¢ PP IC
Acn<UatDob, Ao dra <S¢ oC=JeNnoNd IC>Z*C PUcA oS Lebone,

o DP<NLo 2024 SH>ANSTST SH>ANPNC SPISPY D> DD Brq P ¢ *Nel
ASb oS¢ b RbNMYUL 0 (NAFO) Prc/a<lSas it bNLNa¢ (SC) LA 2025-JN<d,
CPHHNe gP<PCHIA>Q /LI Mgt AR c<IgsC <jsep<sb/| ¢
byl Q<% ®IedC (SPICT) ®PJIeCD>/LIo bNoNt IdPDo Sb>ANSosIC
SH>ANPN S, <GP oCDILN® NP> DJra [ ¢ NP ASb oy nosIC
b NSbNM UL 0 (NAFO) Plc’o<5a51¢ bNLroC (SC) bNLcPN® <o 2025-T. oCxJc ¢
D>aobt KePCHYC B<*a M ¢ *Nel ASb oS¢ bl NbNPULo< (NAFO)

Pl a<Sa5 ¢ bNLAoC (SC) 2025-T, P AC* YL DLl ¢ NPl ASbocnosC
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b7 bNMUNa< (NAFO) Plcr’o<Sos e bNLra¢ (SC) ACSbSa™M* o¢ PrPg®
P> oPNBLE Acn<dc oo 2026-T.

a2 ASbocnosIC sb7AsbNNC (NFA) CAZPYLYC < A 8 DabbsC>c PIg®
LePCPDGab/L PO HNe DAl 1 Nel ASboc o] bl nsbNPU<La (NAFO)
Pl/a<So51¢ bNLAGC (SC) DSb>*AN<IPNC DavyDrPLC baSa Lo A%bST>CnosIe
SH>ALYCALD>YC bNLNGE 0¢ (EAGSAC) AcPy><o¢ ALST>ConnbdS ba Cl (DFO)
Pl dPN g, 0a D ASborcno SIS b ASbNNC (NFA) JANPLYC Acnosc
ANDYAYDILLC ASh oy H<LSas e DrasAsegodt (DeC>a A]5eIC (PA) Sepb/L g C
(K\SePNCLSe 7) AALPSHZDrYDSE/LLC 00 DU ASboc oSS SbI7asbNNC (NFA)
SH>APYLLC Sh oSt Codd D<*al™® <Nt ASbocn oS¢ b AsbNMUL .ot (NAFO)
DYNSASbGbdC JI®C>a AP (PA) GOPoYLa™ N, Loa SPISPYyD>REC<RS, I eq LS L Ne
ba Cl D¥aSA®egbdt (D%C>a A %D (PA) <P/l of, <L Sb.oDA%Qse
oC=JN<PNCSHSLMC SPIsPasT <IDA%Q D>sbSLLC,
o ALSTDCcnabdt baCl (DFO) Plc?o<N*NC DShwY| ¢ Acngs]C aND>IArNC
APLPSBYDS DI Codd A*LAC @Mt LeC>EoNC JDC>S 5Nb
CCS@ ™ MvIPd D> N®,
o ALSTDCcnnrbdS ba Cl (DFO) PLcda<seN e Drap ) oC* ) <PNCShSL e
Lea D ANNNPHNC DIra ™ ¢ *NeM ASb oo SIS b NSbNNU<L.ot (NAFO)
DrNSASegbdt JIBC>a A% (PA) oPe/L g Mg SPISPa s, D>Lval® < Nel
ASb TSI bIAHNNYUL 0 (NAFO) DoasAsegodt 4D%C>a A (PA) Sopo/| g>se
Lo >cDA N <dc® ALSTDConabdS ba Cl (DFO) DasAsgbdt DeC>a A<IDC (PA)
sopo| g,

NC-d¢ D>Sb/L<¢ CL*a g P<®C>IA>Q ®/LC Ar<edt AR <o Py
b/ Q<™ ®Ied¢ (SPICT) P/l L oCWUN®, a o A®CCHIL*ND% AcyaLo®,
ARNP=ONE NN®bSINSHIN* Mo *Lo¢ (ASBN>N=ONC Sb>APNC Ac do M of
SprLedSbeCSa™Me), IdDo®HNe g P NSNS, ALl ASb?DrarLL <N 5
LYo CP>REDC sb>prhPNM o, <o PCPRC <Do dWJa N oMt (CPUE) Sa*0\D><T
ASb?DH DAL CLa 5 I*NNDA*an<dct. ACH % 5N CLled<d NPHNPLYC o ba ) Ho
Ptc’odsosde DbDrP<IPNot NC-d¢ JAN/LIC ALSTPCnrbdt ba Cl (DFO)
PLdo N gt bLSd O CLbda™L AFLSCHo®.
o ALSTP>Ccnerbdt baCll (DFO) Prcdod®N*Meg® P> >IC CL*a SdA** M N<SodC
4dDo e 4*N<YLC PP<lo e ALLPyD>EoNe DLral® ¢ *Nel Asb Henos e
b7 bNM*UN 0¢ (NAFO) Pc’o<Sosdc bNLraC (SC). ACH*NOC JARNNg® CLDI
A PNSoS eGP gD/, PPiNde/La*Lot <L alLryD>eoo DLral®
e =Nel Asboenosd¢ bI7abNM U< .ot (NAFO) Plcr’o<sos it bNLr o< (SC).
AN b>ANPNo® AR o d®I¢ ddoP<bd¢ CPo ¢ L DPD>** ot
SE>ANPNC BNCH>C®<C. Sb>ANPNL G A s> Rc<Io <% ddab>ede, <L
Pl <Sos e A%®ba AN P DYy ADZNIPNRG® Pl a<Sas ¢ Acn S o
L <sepe<IseC>P LS of.

NC-d¢ Sb>AP<c D> QAR ONG, ARNPHJ <P<PIgLo® Don<dar*adAan<E (La
LU v<eDC SboNPD>a N Lcboro), dUa ra SboNPD>aoNC Dopegn dNC>Yeq D¢
ASRCD>HNE <Ya A vaC AcdoeN N, ARCDEHNe Gsopio/L < DL D>NILLC
AL P A ®IC _pa ML QL DALCD*AYLE 5N DSJC>SbeCeDgv? NC-d¢

QO A®I P>BIC SHBANPNG SBD>ALDLC IDLeD g LPrg 15Gdva ADO<™ M LLC, <L

Q. OQ AP/ oNe ‘DAl o

o ALSTDCcnnrbd baCl (DFO) Pcda<seN N P> >IC AL gt LebC>Edhg®
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APLPSBZDYSILRC @ 5a A®CDSI< 5N 16Csa v NOPdd e ACSHG>< of,

ALADA*a n<5b%D 0t F>F;, (CALADA*an<cC AsboLA o5 eChsHar, DoPasoNy
ACSBHSADRC Db P D¢ oa ML%D¢ on>My>a y%I9), CALA*a YoM B<By,
(bA®T®\>a M CALAQ YoM 0¢ AN U Do AcP<¢ CAba ALSTD>Consbdt baCl
[DFO] BrasAegtdt D%C>a A%®IC [PA] <epelLaM), Il CALAQ Yol BB,
(CALADA®a NS DALCE<ONE By, Doc M ASoDSo™Mt NPCH>JNP, 1D%C>q D%
DPYNCHONE PN PL>LC a s A®CHALYC CAbo ALST>CcenabdS ba Cl [DFO]
DrasAsegbdt JDBC>a A% [PA] Gsopel o veorC). <WUaPC>Y_5C< HAS
SboNPD>o*Me o0t GPPq®eC>/LC DALCEPdNe 30% SboA“c¥b%®b®N*aJ Ptc>¥.oc
CLDIM F>Fypn. NNSSYLL® CAbo Dval™ Nl ASbocnos I b ssbNMu< ot
(NAFO) Plc?a<5a1¢ bNLAC (SC) DSHB*A<IPNI IDA%a PNNL® D> on<da P a ®Iob-
D*LASh®5NE DO ANIPNMe, AC>I® DP®D%® (FOF, <30%) “AoD<UNCH>Y®” L
AD®CP> o “P<ial™® Cet P<<LnbI®” PY<dac DLNDLWNC DA PeC>¢
LRALPP B Sa e o¢ 4o PC>REDC ShoNPDo M o¢ P eC>r LYo,
SboNP>oL Pondartasc®l Pledo<sotdt APLc>PCH %, ASb scnnbde
>N ALLCD>AC CLOML. B ooSos\D>JNe bN oMt 4o CH>yea D,
D_0Sg PR >YTa D¢ ACSHSa D> 1DPbgP*a ®D¢ pa ML%I¢ > oprge<lSo<IsIc,
LJoCP>C b oNPD>oNC GePeC>ILINE 75% Fry, SboA“c<Sb®b®N*aJ P> oS,
CL*a.c CAL bNoNt <YaeC>La D¢ sboNP>a Nt D opege<s = 5<%IC
onDPy>oNe /2N APLPYD 5<ACAc® SboNNe ASGsgyDePt +LC Cbd<d bNoNe
LJovCP>Y*a ®I¢ ddabeede, D oPaPNCHSNYa N bNoNt 4o bC>Y*a ®I¢ [*a
4D PNNDAandct D oPegNdLd g ArA g <SJa.

0a 2 ASboHOcn oS sbI7asbNNC (NFA) CAZPLIC NePNCLS® 2-T° <A 8-o\¢ >abbseC >
<L KANAL=DN® BPondar a™lo® ARNb™oNe DbD7rN<IPNC /Sa N

@)

ALSTD>Ccnabde ba Cl (DFO) Pcr?o<seNNe Dobb/L ¢ CLa. /S C>NHJ
BsbD7r<PN NNG®CH>c®N“HJ <L Do 7D oNe DLral™ < *NelT Asbocnosde
b7~ bNM*UN 0¢ (NAFO) Pc’o<lSosic bNLA o¢ (SC) atlDseCsbe/L™> L CLDI*L
ACSHIADY 0 (A oP<L®eCPIAQ oYL Ar<dbdt ARc<Ia I sepyJ<ser| {¢

ber R M>a ®Ied¢ [SPICT]) <L b ryD>< 5o CL*a Pc?a<Sabdt Db <PN
ARNBA®a So<dSa*Lo® 1DPbo P> D¢ oa L®D¢ <L ACH>ST*M* 0 a >a APNC
ALLPYD>N=5d oP<eC>IAQ /LN Mgt AR c<os e wp<Ise/| ¢

b/ Q<™ ®Ied¢ (SPICT) P/, /Sab\ ACSHAD>C SboAc Lo ot
DGHCPLE AQRINCH>Y=a D¢, <L D Hn<dar*a ®Iab-ANNES Db P<IPNC
<DA*aPeCP>*a D¢

ASbOICPR* D¢ Cd*a °CPRC Do 7P~

L+PBNMbNSH* N>R ASh TN Do ¢ SR> a*L.o Do <P ACTH®NCHR®
>do*L DI *LC AM*ao NP ASbocno il b »bNr* e Sb>rhod bNLA™M
>Ro 2024 (0a 2 ASbocno sl b asbNNe [NFA], BPB>C®II bI7rsbNre [NC:

O

0a 2 ASbocnosIe b RsbNNC (NFA) <L NC-d¢ DeY/SDA*a < bs/NCH>oNe
2024-T bNolft <YYo CH*a ®I¢ boNr>o M 2025-I <L 2026-T

Do ®DbdC NC-d¢ aHba A%//LIC N®POBIA*andct Do®/Ndno T bNoNe
dda*CP>Y*a *D ot PJa*LNo P.oc U PP/ o¢ SboNr>o M of,

BPb*o ¢ Predo ol Acng® BBDZb®N oMt Ac D ra® So>rhPNb* oo™
<DDONED LPP*JLPRCDALIo-ARNES AR cdo Dot ACBD>g* 0t PIPo
De/GCPILR%, ASB/PN oM JCH /LI ACHAD>Ro® PIrPolc CAbo DJ*al®
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A Nel ASbocnosde b ssbNMWUL o (NAFO) Plclo<Sos I bNLAC (SC) bNLa®N\*Lo
2025-T (<G€c_®Ne JSP>*A" bNLAS, 0a 2 ASboOoc oSt b asbNNe, PE>DAC CAbST>CAS
oP¢ NI*L¢ [Clearwater Seafoods Ltd], SPPC 58 d<I>nNedS) D> 5PN g DA% D>+ D%
L*a.c>be DLENoC

e =Ne JSB2A\ bNLr¢ (AGC), >P>C®II bD7asbNNe (NC), 0a 2 ASbocn o
SbD7ASbNNC (NFA), <o LRLMNC g2 > <HL 5 ¢ <D Do do %I NNGse/o®
ALST>CnabdS ba Cled®*o (DFO) ARNM<oMe bNoNt <JoeC><=a D¢ sboNP>o e
2025-1¢ <tL> 2026-1<

PE>2C CnDSTHCAC oP¢ NIMLe (Clearwater Seafoods Ltd) <*MA*an<ae¢ bNoNC
LJovCP>L*a ®I¢ b oNN>o*M* 0¢ DoyP>C Coda L ¢ N JSD>*A" bNLra< (AGC).
Sbebeor<IdS, LA N Pledo <ot Acno®b®a (bN®AAGE Sb>APNb ST,
P/ LN, GeP<sed | Na-D* LA Ab RN IDC>o®I¢ 1GJo<%®Da,
PEe2AC CnDSTPCAS o%P¢ NI L¢ (Clearwater Seafoods Ltd) <IDcSdr*<Nc D>/ bNoNC
LJavCP>L P JPeY| ¢ JCD>ASIC SGJC (2025) CRa-I%.

NC-d¢ Do PPL<¢ DAoL C>IPCH e a:

o 5C® HAN Dadb®Is® P/ a<Sas e DSHDAP<IPNS <IDA%QPAPXLYC ASIUYa
APLPYD>Ya?, A<Dt DP>ANSHNE B> HAdara®Ia® SPIPosSo® NePC>I/LC
NNGSYLL 13- Coa N®PPLY® CALADA®Q N <5SbSo*L <DbbeaPa D¢ pa M 5I¢
DALCD>AYLIA*Q N <ShSa N By, -T® 80%-< 595 J®p=aeC>ILI > Ca
Sh>ANSeCD/LYo, CLea Don<dar*aso®l <d2bb*aoP*a D¢ oa L% J*L ol 5o By,
D20 1% GePJseC>I/LL 5Co SbD>AN®CDYLYo <L CL®a
CALADA®a.n<5bSa™L ASboLAa® La. bNo*MC QWUaeC>L*a %D DAYCD*S Ha Fyy-T®
34%-T®, D2LCEGSEeIse D>Jra [ 1 NP ASbocno SIS b rsbNMY<.of (NAFO)
DrNSASegbdt JIBC>a A% 0C (PA) SHD>AL'RCDY oS, PY<lac D™ LAN N D> o ¢ ¢
QL TONDROCBIA%Q Se/LLC Sh>ANPNTS, D%CD>aL oC%, a o ACHI/L 5%
Ac<otlo® AL NN®HSINNILRD 5O SPISPgsI¢ Gop =y <JseC>I/L ¢
ALY SgA N5 1¢ Adc Ao, DSHDRAP<PNC Coda ®LE D<*al® ¢ *Ner
ASb oo bINSbNMAWYL 0 (NAFO) Pre’o<Sa51C bNLAoC (SC) D**LASbSoda<c
PATPLS IP<la® SHDALNCECCE ALLPY g DR HGC AL SPISpg< <L >
Le®a ¢ Dral™® < *NeM ASb oy oS¢ b AsbNMUL.ot (NAFQ) DrasAsbgbdc
AD®CP>a  seDat (PA) <GP=USe/LLC IDNSHSa* N> ot [P c_ d oM™ o< NP
SdA NS0t CL e ALLPIeNNZLNO% Ko \>est 4D LS oNe <Gbb*a<IJC
$20-T¢ 30-1¢ [c<®a® AYDYA<dsbecntDo® Palbob A/SeIhNG.

o DGLSbSgC AYDILLC Coda **LE <sepa<seC>ILYaC NSoPLeNNLC o sa SIS Ne L
LSoPLSONCNbhe g DL Sa P gt ShoALLS dCC D>_oP*dn <IN Ng*N¢
AR NCD> g of AYDILIS Coda ¢ DLl << N6 AShbycnase
bI7ASbNM UL 0 (NAFO) Prcda<lSo51C bNLAC (SC) DSbB>P<IPN*LE LPALS 70-T
Dsbse/ %L ¢ AL*a: “dDbbeoPea D¢ oa ML%®D¢ o ¥Na*L®D 0t DGUDYE, ICH s 5N
Sb.oAc*Lo*Udo 2025-2026-1¢ CALA%a YSo*L <Dbb*oPa D¢ oa [ 5eI¢
oSN LI DL oG ST N By, D*Lac >®Ds® 1%. CALA*a Yol CLbd<
Db P D¢ _pa [ML5IC oSN LD 2026- D_oSgSeh>C (Db g Peq D¢
oal{L®D¢ g YN *L®D¢ 2024-T 1d o *LaoNe 19 <5 70%-< 5o IC* e 5NC
DGL>Y. 0" Db a5y, CLea N®PLONNLe dCC D> oPandeC>al
AQLLEDCSO NN L5,

o NPYAMN 2022-To€, >5 LD (Blue Matter) ASbongSod DNGASNE ML,
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AC/LA®QDC K8Pg[ Ac_d'<CP>Ya® Sb>pRSoST <IDNsheIa® 2018-1%, 2020-¢
<ALy 2021-1¢ DLJ<saseIlLodse, Cla. Acna®™ AZASSCDAL PO ARCHS HNL
bec_0¢/Paly®IN.0¢ AaASCE P/<doc, NN®bsdNa® <PIAIA*an<c® ACShSa*M*_of
SPrsPosr.

o NC-d¢ DPAPADC Codd D>Lral™® <1 *Nelm ASbocenoSI¢ b sbNMU<.o¢ (NAFO)

Pl <Sos ¢ bNLAC (SC) <IDcSdr"<N*Ne bN NS JWUaeCH>Y=a D¢

D> or o n<d®eNC>a*L AL DO L5 ALt NNZL L5, DN HNC

QL PO DPDAGE CRRT DrasA%egddt (DPC>a  <eDa® (PA). Dl ¢ *Nbl
ASboO o1 bI7NbNMWUL 0 (NAFO) Prc?o<So51C bNLAC (SC) DNDBLISNShe Do+ NeDC
SPIrSPosLc ACSHSADYT <L AcPPLEoNe Acd™<CP>Ya® Sb>ANPNa® AbdNsbse[ ¢

D> on<dar*asa*M® ot ACSHADL, IDc®NNgse CLOML oCrt >.oSo*M* of
Jsopa o C>/LY 0¢ PlSh®NDa® <L I¥**P A Do LD Shb>phP N of

@ DOCHCPILLE, ACH™ g ShoDAQ® JQNM L5 DLoSbsbNre
NNSeHSIN*Neg®, <IN S 5 Sd A g5 ¢ dd AcAt DPASa S PLC CLDI*L
dC¢ DoPrandeNCPo* M 0¢ Dh®DIg LPrg 5GJ%a. AlLeD* NN/l e nbDC
D_oPo- N PNC>T M 0¢ bNoNt IWUoPC>Y*a ®Iob. CALAG*L.0S, NC-d¢ IDcSdas¢
AD®CP>PH oS 5N 2022-T dCC 36,400-*J<C CoPC 2025- ¢,

o LN SH>ANSGST ShDAYDLC 2022-T <L 2023-T ADERC <(PDA HI®CACLSIeHNe
D> <da o< 08 ACSHIO>Y 0o of L*a ASboOLAYGE SboNPD>ae,
DSH>APIPNNRE SPISPY> 5NE 2024-T DP>YRedC SHI>ANSGST Sh>AYD>LC bN* LS NP
SH>ANPNPN TS 0¢ IDAD*a DPIA*an<ES (A5 SPrspy>at >5 LId*o ¢ [Blue Matter])
JepeC>sehN=a M bNoNt o C>Y*a ¢ 2026-T.

So.0ACHPN:

e bNLoSI @ 5aAY®/Lo e ACTH®NCHo<®IL,

e NNG®ILRE Doy Coba*Le basa Lo A%bTDCon oS Sb>MLYCA YD bNLAGE o
(EAGSAC) APy DoyDrLYNES \at>Ie e sDAa s, Y 23,
2024-Jc >sbeNa .
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Da7>~° P>do™l
202 BPLYcAA Y bALAMPS

>J1 L
PPN <broo ]: X AlLcPocdc: <D d7>ve:
AN DPPP<PNC A=-<AINNBNFo-° I ba.>'T Abocno S LecChYn.<é©
boAcP>aP>rLNC:

Ab >N a2 av®C*o (NSA) LealP>c <> C>y¢ <Co L*a LcChyndceoc
CIN>NNTDH D DR3¢ <ID*NN*PDE AbAS AdalDN* g <L <TA>CDC
Abocnoslt <> NeSIc MM ACHALD*NCDYGS pa 2>t/ <P (NA). oC<
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